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PREFACE 


The five years since publication of the second 
edition of this text have witnessed enormous advances 
in biomedical science, and particularly in the application 
of basic scientific knowledge to our understanding of 
the mechanisms of disease. At the same time, the 
introduction of modern immunologic, radiologic, bio- 
chemical, and other diagnostic techniques into clinical 
disciplines has greatly improved our understanding of 
the dynamics of diseases and the ability to make mean- 
ingful clinicopathologic correlations. Since the study of 
the dynamics and mechanisms of disease and of clini- 
copathologic correlations remains the core of Pathology, 
it has been satisfying and at the same time challenging 
for the authors to prepare this new edition. The major 
challenge was to present the new clinical, biomolecular, 
and morphologic developments, while at the same time 
not permitting the book to grow larger. In recognition 
of the constraints on a student's time, a strenuous effort 
produced about a 10% reduction in size by defining the 
limits of the subject matter to be included in a teaching 
text—with emphasis on the word “teaching.”” We have 
also strived to maintain the readability, clarity, and 
organization that have gained previous editions their 
warm reception by students and faculty. To what extent 
these challenges have been met, only the readers and 
time will tell—we can only say that our best efforts 
were made. 

All the chapters have been thoroughly revised and 
about half the book has been completely rewritten. 
Rigorous efforts have been made to include those new 
advances that are pertinent to the pathogenesis of 
disease, as well as the fundamental morphologic, phys- 
iologic, and clinical descriptions that are critical to the 
understanding of specific disease processes. Throughout 
the text we have emphasized more common or signifi- 
cant entities, exploring their distribution, origins, and 
morphologic changes and the resultant clinical manifes- 
tations and consequences. Where rare disorders are 
discussed at some length, it is because they point to 
critical advances in medical science that may be relevant 


to other diseases. The book is written primarily for 
student use throughout the years of medical or dental 
school, but we believe it should also prove useful to 
biomedical and basic scientists and to clinicians who 
wish to learn or review the pathologic basis of disease. 
Although an encyclopedic reference is not intended, we 
expect that pathologists and pathology trainees will find 
the text thorough and well referenced. 

The organization of the text retains its compatibility 
with most teaching programs in pathology. The first 
one-third is devoted to a discussion of general pathologic 
processes—cell injury, inflammation, thrombosis, and 
neoplasia, as well as genetic and immunologic mecha- 
nisms of disease. There follow general chapters dealing 
with diseases caused by the most unwieldly classes of 
etiologic factors: infectious agents, environmental haz- 
ards, and nutritional disturbances. The chapter on In- 
fectious Diseases has been totally rewritten and sub- 
stantially expanded, dictated by the emergence in the 
past decade of many types of infections caused by agents 
that either had been unknown or have been unmasked 
by modern antibiotic or immunosuppressive therapy. 
In addition, the great increase in air travel and popu- 
lation movements of the past 20 years now necessitates 
knowledge of a wide spectrum of infectious diseases, 
some previously regarded as rare, tropical, or exotic. 
The later chapters are devoted to a presentation of 
diseases affecting specific organ systems. In these chap- 
ters we have maintained our efforts to organize diseases 
of each organ system into the most logical categories 
and to discuss for each, on the one hand, the pathoge- 
netic mechanisms leading to the morphologic changes, 
and on the other hand, the clinical and physiologic 
implications of these morphologic changes. In this way, 
we can only hope that the pathologic lesions and clinical 
disorders are unfolded as dynamic processes, and that 
the reader will agree with us that a sound knowledge of 
pathogenesis and pathology is the solid foundation of 
clinical medicine. 
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INTRODUCTION TO PATHOLOGY 


Translated literally, Pathology is the study (logos) 
of suffering (pathos) and, indeed, as a science Pathology 
is intimately concerned with the cause of much of the 
suffering on this mortal coil, namely why diseases arise 
and what they do. More specifically it is focused on the 
structural and functional consequences of injurious stim- 
uli to the cells, tissues, and organs of the body and 
ultimately the consequences on the entire organism. 
Just as we live in a constantly changing world, so do 
the cells and tissues survive in a constantly changing 
microenvironment. The “normal” or “physiologic” state, 
then, is achieved by adaptive responses to the ebb and 
flow of various stimuli permitting the cells and tissues 
to adapt and to live in harmony within their microen- 
vironment. Thus, homeostasis is preserved. It is only 
when the stimuli become more severe, or the response 
of the organism breaks down, that disease results—a 
generalization as true for the whole organism as it is for 
the individual cell. There are few new biochemical 
pathways or new structures that occur in diseased 
tissues. There is simply modification, loss, or accentua- 
tion of existing pathways and structures.! In this sense, 
pathology deals with the study of deviations from normal 
structure, physiology, biochemistry, and cellular and 
molecular biology. Not surprisingly, in some instances 
the study of these deviations has clarified our under- 
standing of the norm. 

Traditionally the study of pathology is divided into 
General Pathology, and Special or Systemic Pathology. 
The former is the study of the basic reactions of cells 
and tissues to abnormal stimuli that underlie all diseases. 
The latter examines the specific responses of specialized 
organs and tissues to more or less well-defined stimuli. 
In this book we will first cover the principles of general 
pathology and then proceed to specific disease processes 
as they affect particular organs or systems. 

The four aspects of a disease process that form the 
core of pathology are: (1) its cause (etiology), (2) the 


Intracellular accumulations of proteins 
Intracellular accumulations of glycogen 
Intracellular accumulations of complex 
lipids and carbohydrates 
Intracellular accumulations of pigments 
Exogenous pigments 
Endogenous pigments 
Alterations in Organelles and Cytoskeleton 
Lysosomes: heterophagy and autophagy 
Hypertrophy (induction) of smooth 
endoplasmic reticulum 


Physiologic hyperplasia 
Pathologic hyperplasia 
Metaplasia 
Dysplasia 
Sundry Alterations 
Calcification 
Dystrophic calcification 
Metastatic calcification 
Hyaline change 
Cellular aging 


mechanisms of its development (pathogenesis), (3) the 
structural alterations induced in the cells and organs of 
the body (morphologic changes), and (4) the functional 
consequences of the morphologic changes (clinical sig- 
nificance). 

1. Etiology or Cause. The concept that certain 
abnormal symptoms or diseases are “caused” is as an- 
cient as recorded history. For the Acadians (2500 Bc), 
if someone became ill, it was either his own fault (for 
having sinned) or the makings of outside agents, such 
as bad smells, cold, evil spirits, or gods.? In more 
modern terms, there are the two major classes of 
etiologic factors: Genetic and Acquired (infectious, nu- 
tritional, chemical, physical, etc.). Knowledge or dis- 
covery of the primary etiology remains the backbone on 
which a diagnosis can be made, a disease understood, 
or a treatment developed. But the concept of one cause 
leading to one disease—developed largely from the 
discovery of specific infectious agents as the causes of 
specific diseases—is no longer sufficient. While it is 
true that there would be no malaria without malarial 
parasites, no tuberculosis without tubercle bacilli, and 
no gout without a genetic defect in urate metabolism, 
not all individuals infected with these organisms or born 
with the metabolic abnormality develop the disease, or 
develop it at the same rate and with the same severity. 
Genetic factors clearly affect environmentally induced 
maladies, and the environment may have profound 
influences on genetic diseases. Finally, the humbling 
fact is that for many of the crippling or killing diseases 
of modern times, such as arthritis, cancer, and arterio- 
sclerosis, the etiologic agents are largely unknown. 

2. Pathogenesis. This refers to the sequence of 
events in the response of the cells or tissues, or the 
whole organism, to the etiology—from the initial stim- 
ulus to the ultimate expression of the manifestations of 
the disease. The study of these reactions to injury 
constitutes one of the main domains of the science of 
pathology. In a great variety of diseases, in which the 
etiologic agent is still unknown, unclear, or controver- 


i 


2 CELLULAR INJURY AND ADAPTATION 


sial, uncovering the pathogenesis is the only way to 
devise strategies to treat or to prevent progression of 
the process. Even when the initial infectious or molec- 
ular cause is known, it is many steps removed from the 
expression of the disease. For example, to understand 
“Strep throat” as a disease, one has to understand not 
only how the streptococcus causes red, enlarged, painful 
tonsils, but also the fever, chills, and headache that 
ensue; and to know gout is to know not only the 
molecular pathways of uric acid metabolism, but also 
the events leading to a painful toe or a kidney stone. 
Although from the late nineteenth century up to the 
1950s pathology was largely limited to the study of the 
morphologic consequences of disease, chemical and 
molecular mechanisms clearly underlie the morphologic 
changes and these, fortunately, have become the busi- 
ness of all basic sciences, including pathology. 

3. Morphologic Changes. This refers to the struc- 
tural and associated functional changes in cells or tissues 
that are either characteristic of the disease or diagnostic 
of the etiologic process. 

4. Functional Derangements and Clinical Signifi- 
cance. The nature of the morphologic changes and their 
distribution in different organs or tissues influence nor- 
mal function and determine the clinical features (symp- 
toms and signs), course, and prognosis of the disease. 

With this preamble, we can turn to the nature, 
origin, and meanings of cell damage. 


CELLULAR INJURY AND ADAPTATION 
DEFINITIONS 


The normal cell is confined to a fairly narrow range 
of function and structure by its genetic programs of 
differentiation and specialization, constraints of neigh- 
boring cells, the availability of metabolic substrates, and 
the finite capacities of its primary and alternative met- 
abolic pathways. The normal cell is said to be in a 
homeostatic “steady state,” able to handle physiologic 
demands. Somewhat more excessive external stresses 
or stimuli may bring about a number of cellular adap- 
tations in which a new but altered steady state is 
achieved but in which the cell remains viable. The 
bulging muscles of the “musclemen” engaged in “pump- 
ing iron” are an example of cellular adaptation. The 
increase in muscle mass reflects the increase in size of 
the individual muscle fibers, which in turn results from 
the synthesis of increased numbers of mitochondria and 
myofilaments. The workload is thus shared by a greater 
mass of cellular components, and each muscle fiber is 
spared excess work so that the muscle cell escapes 
injury. The enlarged muscle cell achieves a new equi- 
librium, permitting it to survive at a higher level of 
metabolic activity. This adaptive response is called 
hypertrophy. Other adaptations occur at the level of 
individual organelles, as will become apparent later. 

If the limits of adaptive capability are exceeded, or 
when no adaptive response is possible, a sequence of 
events follows, loosely termed cell injury, which may 


range from mild to lethal. Cell injury is reversible up 
to a certain point, but if the stimulus persists or is 
severe enough from the beginning, the cell reaches the 
point of no return, and suffers irreversible cell injury 
and cel] death. For example, if the blood supply to a 
segment of the heart is cut off for 10 to 15 minutes, and 
then restored, the myocardial cells experience injury 
but can recover and function normally. However, if 
blood flow is not restored until one hour later, the 
myocardial fiber dies.* Adaptation, reversible injury, 
and cell death, then, should be considered states along 
a continuum of progressive encroachment on the cell's 
normal function and structure. Whether specific types 
of stress induce an adaptive response, a reversible 
injury, or cell death depends on the nature and severity 
of the stress, and (as we shall see) on many other 
variables relating to the intrinsic state of the cell itself. 

In the following discussion, we will first review the 
causes, mechanisms, and morphologic patterns of re- 
versible and irreversible cell injury, and then some of 
the more common forms of adaptive responses involving 
whole cells or cell organelles. But first a few traditional 
terms must be introduced, some unfortunately some- 
what inaccurate. In older textbooks, reversible or sub- 
lethal forms of cell injury were referred to as degener- 
ations (hydropic degeneration, waxy degeneration, etc.). 
This term has a nonspecific connotation implying that 
“bad things’ have happened to the cell—you can un- 
derstand nobody wants to degenerate! Because of its 
lack of specificity, the word should be used only as a 
last resort when a more accurate descriptive term is not 
available. Necrosis refers to the sum of the morphologic 
changes occurring within dead cells in a living tissue. 
These changes are caused by the cell’s own degradative 
enzymes, and by enzymes and other factors released by 
infiltrating leukocytes. Autolysis is the descriptive term 
traditionally used for the process of dissolution of dead 
cells by the cell’s own digestive enzymes; after death of 
the entire organism, when it occurs, it is referred to as 
postmortem autolysis. 


GENERAL CONSIDERATIONS 


Cell injury is one of the most common cell re- 
sponses in disease, affecting virtually every cell type in 
almost all pathologic conditions. It is also seen fre- 
quently during normal embryogenesis, as developing 
structures are replaced by mature tissues, and is also 
the aim of radiotherapy and chemotherapy for malignant 
disease. Yet large gaps still exist in our understanding 
of the process. Some of the most basic questions remain 
unanswered. For example, how much injury can a cell 
sustain and, especially, what are the biochemical mech- 
anisms responsible for the transition from reversible to 
irreversible injury? This is by no means an academic 
question but has practical importance in medicine. 
Consider the problem of cell death in the muscle fibers 
of the heart. Ischemic injury to myocardial cells caused 
by coronary artery narrowing or occlusion leads to 
myocardial infarction, one of the most common causes 


of death in the Western world. Previously it was be- 
lieved that all muscle cells in areas supplied by an 
occluded artery were destined for irreversible injury, 
and a fatalistic view prevailed toward attempting to 
salvage ischemic myocardium. This is no longer true. It 
is now possible to protect ischemic myocardium and 
decrease infarct size in experimental animals by various 
interventions such as increasing the delivery of meta- 
bolic substrates to the ischemic area or administering 
pharmacologic agents.* Although the mechanism of ac- 
tion of these interventions is still unclear, it is likely 
that they protect the sublethally damaged cells from 
irreversible injury. Thus, any knowledge we can gather 
about the events leading to cell death may improve our 
ability to intervene in the process. Many other examples 
might be cited, but suffice it to say that a firm under- 
standing of the structural and, more importantly, bio- 
chemical events that occur in injured cells is essential 
to our understanding of all disease processes and their 
treatment. In the final analysis, if the theologians will 
permit, we are all a bundle of cells, cast in the form of 
a biped. 

Some general considerations of cell injury will be 
reviewed first. 

1. There are numerous causes of cell injury, but 
the most common are ischemia, chemical injury, and 
injury produced by infectious agents. In particular, 
ischemic injury may be a common pathway by which 
other injurious agents act. For example, some immune 
reactions, such as the Arthus reaction, cause destruction 
of vessel walls. The vessel then becomes occluded by a 
thrombus, resulting in ischemia of the tissue supplied 
by this vessel. It is important therefore to consider 
primary causes of cell injury as well as secondary 
pathways individually. 

2. Although it is not always possible to determine 
the precise biochemical site of action of injurious agents, 
four intracellular systems are particularly vulnerable: (a) 
aerobic respiration involving oxidative phosphorylation 
and production of ATP, (b) maintenance of the integrity 
of cell membranes on which the ionic and osmotic 
homeostasis of the cell and its organelles is dependent, 
(c) synthesis of enzymic and structural protein, and (d) 
preservation of the integrity of the genetic apparatus of 
the cell. 

3. The structural and biochemical elements of the 
cell are so closely related that whatever the precise 
point of initial attack by the damaging agent, injury at 
one locus leads to wide-ranging secondary effects. For 
example, impairment of aerobic respiration and the 
production of ATP quickly disrupt the energy-depend- 
ent sodium pump that maintains the ionic and fluid 
balance of the cell, resulting in alterations in the intra- 
cellular content of ions and water. 

4. The morphologic changes of cell injury become 
apparent only after some critical biochemical system 
within the cell has been deranged. As would be ex- 
pected, the morphologic manifestations of lethal damage 
take more time to develop than those of reversible 
damage. For example, cell swelling is a reversible 
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morphologic change, and this may occur in a matter of 
minutes; however, unmistakable light microscopic 
changes characteristic of cell death do not occur in the 
myocardium until 10 to 12 hours after total ischemia, 
yet we know that irreversible injury occurs within 20 to 
60 minutes.° In the kidney deprived of blood supply, 
tubular cell death occurs within 30 minutes, but cells 
do not appear histologically dead until 12 hours later.® 
Obviously, ultrastructural alterations occur earlier than 
light microscopic changes. 

Finely drawn is the line between reversible and 
lethal cell damage. This complexity should come as no 
surprise. Well known in clinical practice is the vexing 
question: When did the patient die? Brain function, as 
determined by the electroencephalogram, may cease 
hours to days before cardiac or respiratory function 
stops. Yet, even after all vital signs (e.g., pulse, respi- 
ration, and body temperature) indicate the death of the 
organism, most of the cells within the host continue to 
survive, as has been amply documented by the use of 
cadaver organs in transplantation. The transition from 
life to death is as difficult to establish for the cell as it 
is for the whole organism. 

5. Reactions of the cell to injury depend not only 
on the type of injury but also on its duration and 
severity; thus, small doses of a chemical toxin or is- 
chemia of short duration may induce reversible disturb- 
ances in the cell’s osmotic and water homeostasis, while 
large doses of the same toxin or more prolonged is- 
chemia might lead either to instantaneous cell death or 
to slow, irreversible injury leading in time to cell death. 

6. The result of cell injury depends not only on the 
type, duration, and severity of the stimulus but also on 
the type, state, and adaptability of the cell. The cell’s 
nutritional and hormonal status and its metabolic needs 
are important in its response to injury. How vulnerable 
is a cell, for example, to loss of blood supply and 
hypoxia? The striated muscle cell in the leg can be 
placed entirely at rest when deprived of its blood supply; 
not so, the striated muscle of the heart. Exposure of 
two individuals to identical concentrations of carbon 
tetrachloride fumes may be without effect in one and 
may produce cell death in the other. This may be due, 
as we shall see, to the integrity and amount of the 
smooth endoplasmic reticulum in the hepatic cells, 
which converts carbon tetrachloride to toxic free radi- 
cals. Differences in the nutritional state or in potentiat- 
ing factors, such as alcohol consumption, influence the 
ability of the two individuals and their cells to withstand 
injury. 


CAUSES 


The causes of reversible cell injury and cell death 
range from the external gross physical violence of an 
automobile accident to internal endogenous causes, such 
as a subtle genetic lack of a vital enzyme that impairs 
normal metabolic function. Most adverse influences can 
be grouped into the following broad categories. 
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Hypoxia. Hypoxia (lack of oxygen) is probably the 
most common cause of cell injury and may also be the 
ultimate mechanism of damage initiated by a variety of 
physical, biologic, and chemical agents. Hypoxic injury 
to cells may be caused by the loss of their blood supply, 
depletion of the oxygen-carrying capacity of the blood, 
or poisoning of the oxidative enzymes within the cells. 
Among these, by far the most common is loss of blood 
supply (ischemia). Such impairment of blood flow may 
be caused by primary arterial disease (atherosclerosis), 
intravascular clots (thrombi or emboli), or other lesions 
that narrow or occlude arteries. Thus, heart attacks 
(myocardial infarction) and strokes (cerebral infarc- 
tion)—the most frequent and lethal diseases of many 
industrialized nations—are examples of cell death due 
to hypoxia related to atherosclerotic narrowing of arter- 
ies. Loss of oxygen-carrying capacity is exemplified by 
many forms of anemia and by carbon monoxide poison- 
ing, in which monoxyhemoglobin replaces oxvyhemoglo- 
bin and blocks the normal transport of oxygen. Poisoning 
of the oxidative enzymes within the cells is caused by 
agents such as cyanide, which inactivates cvtochrome 
oxidase. 

Physical Agents. These include mechanical trauma, 
extremes of temperature (burns and deep cold), sudden 
changes in atmospheric pressure, radiation, and electric 
shock (see Chapter 10—Environmental Pathology). 

Chemical Agents and Drugs. The list of chemicals 
that may produce cell injury defies compilation. Simple 
chemicals such as glucose or salt in hypertonic concen- 
trations may cause cell injury by deranging the fluid 
and electrolyte homeostasis of cells. Even oxygen, in 
high concentrations, is severely toxic. The levels of 
toxicity of certain substances are so high that they are 
known as poisons, and trace amounts of arsenic, cyanide, 
or mercuric salts may destroy sufficient numbers of cells 
within minutes to hours to cause death. Other sub- 
stances, however, are our daily companions: environ- 
mental and air pollutants, insecticides, and herbicides: 
industrial and occupational hazards, such as carbon 
monoxide, carbon tetrachloride, asbestos, and silica; 
social stimuli, such as alcohol and narcotic drugs; and 
the ever-increasing variety of therapeutic drugs. Such 
drug-induced (iatrogenic) injury has become a truly 
major cause of illness in modern man; about 5% of 
hospital admissions are due to illnesses induced by 
medicines that have been either prescribed or sold 
“over the counter.” 

Biologic Agents. These agents range from the sub- 
microscopic viruses to the large tapeworms. In between 
are the rickettsiae, bacteria, fungi, and higher forms of 
parasites. The ways by which this heterogeneous group 
of biologic agents cause injury are diverse and in many 
cases still mysterious. They will be discussed in greater 
detail] in Chapter 8 (Infectious Diseases). 

In general, bacteria cause cell injury by means of 
secretion of a toxin (exotoxin) or by release of endotoxin 
from their cell walls when the bacteria are killed, or by 
induction of immunologic responses to antigens con- 
tained within the microbiologic agent. Such mechanisms 


are also postulated for many of the higher forms of 
microbiologic agents, such as protozoa, fungi, and 
worms. Viruses, on the other hand, cause cell injury in 
different ways. They survive within living cells, where 
they subvert the metabolism of the host for their own 
survival. This results in the decreased synthesis of all 
macromolecules vital to the host. Continued viral rep- 
lication may therefore interfere with the host's own 
metabolism; however, this is probably not the explana- 
tion for the cell injury and necrosis that follow. It is 
more likely that viral protein elaborated during viral 
infection may be directly toxic to the infected cell. 
There are also nonlethal effects of virus infection. Viral 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) 
may become incorporated into the genome of the host 
cell and cause either cell death or cellular transforma- 
tion, and frequently increased cell proliferation. This 
last effect may lead to tumor formation, a phenomenon 
relevant to the viral causation of cancer. 

Two other points must be stressed. First, there is 
a remarkable specificity displayed by many microbio- 
logic agents in terms of the cell type they affect. Thus, 
the pneumococcus is a common inhabitant of the phar- 
ynx, but it rarely causes cell injury in this location. 
However, when it invades the lung, it finds a suitable 
environment for growth and produces pneumonia. Sec- 
ond, the effect of any biologic agent depends not only 
on the virulence of the agent itself but also on the vigor 
with which the host can mount its defenses. Such 
defenses include the inflammatory response and a vari- 
ety of immunologic reactions. 

Immunologic Reactions. These may be life-saving 
or lethal]. Although the immune system serves in the 
defense against biologic agents, immune reactions may, 
in fact, cause cell injury. The anaphylactic reaction to a 
foreign protein or a drug is a prime example, and 
reactions to endogenous self-antigens are thought to be 
responsible for a number of so-called autoimmune dis- 
eases (see Chapter 5). 

Genetic Derangements. Genetic defects as causes 
of cellular injurv are of major interest to biologists today 
(see Chapter 4). The genetic injury may result in as 
gross a defect as the congenital malformations associated 
with Down's syndrome (mongolism) or in subtle altera- 
tions in the coding of hemoglobin responsible for the 
production of hemoglobin S in sickle cell anemia. The 
many inborn errors of metabolism arising from enzy- 
matic abnormalities, usually an enzyme lack, are excel- 
lent examples of cell damage due to subtle alterations 
at the level of the coding in DNA. Some of these errors 
result in the accumulation of abnormal lipids, carbohy- 
drates, or proteins within the cell. 

Nutritional Imbalances. Even today these continue 
to be major causes of cell injury. Protein-calorie defi- 
ciencies cause an appalling number of deaths, chiefly 
among underprivileged populations. Deficiencies in 
specific vitamins are found throughout the world. Hy- 
povitaminoses are encountered even in the midst of 
abundance, but they abound among lower sociveco- 
nomic groups in all countries (see Chapter 9). 


Ironically, nutritional excesses have become impor- 
tant causes of cell injury among the overprivileged. 
Excesses of calories, carbohydrates, and lipids are 
thought to predispose to atherosclerosis. Obesity is an 
extraordinary manifestation of the overloading of some 
cells in the body with lipids. But above and beyond 
such cell changes, obesity has been shown to be asso- 
ciated with the production of hypertension and cardiac 
disease. 


PATHOGENESIS 


The problem of unraveling the precise biochemical 
mechanisms responsible for cell injury has proved to be 
immensely complex. First, as we have seen, injury to 
cells may have many causes, and there is as yet no 
known common final pathway of cell injury. Second, 
different cell types show differences in their vulnerabil- 
ity to specific stimuli and in their responsive mecha- 
nisms. Third, the many macromolecules, enzymes, bio- 
chemical systems, and organelles within the cell are so 
closely interdependent that it is difficult to differentiate 
the primary target of injury from the secondary ripple 
effects. Finally, the “point of no return,” i.e., the point 
at which irreversible damage and cell death occur, is 
still largely undetermined. 

With certain injurious agents, the mechanisms and 
loci of attack are well defined. Cyanide represents an 
intracellular asphyxiant in that it inactivates cytochrome 
oxidase. Certain anaerobic bacteria, such as Clostridium 
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perfringens, elaborate phospholipases, which attack 
phospholipids in cell membranes. Other isolated .ex- 
amples exist, but the modes of action of many injurious 
agents are largely unknown. In the following discus- 
sions, we shall concentrate on two of the common causes 
of cell injury: (1) hypoxic injury and (2) some forms of 
chemical injury. These two model systems offer valuable 
insights into the mode of action of adverse influences 
on the cell. 


Ischemic and Hypoxic Injury 


SEQUENCE OF EVENTS. The sequence of morpho- 
logic changes following acute hypoxic injury has been 
studied extensively in humans, in experimental animals, 
and in culture systems,” ® and reasonable schemes con- 
cerning the mechanisms underlying these changes have 
emerged (Fig. 1-1). A useful model for the study of 
hypoxic injury has been occlusion of one of the main 
coronary arteries. Besides the relevance of this model 
to human myocardial infarction, the cellular changes in 
the heart can also be correlated with biochemical and 
electrophysiologic alterations.* 

The first point of attack of hypoxia is the cell's 


aerobic respiration, i.e., oxidative phosphorylation by 


mitochondria. As the oxygen tension within the cell 
decreases, there is loss of oxidative phosphorylation, 
and the generation of ATP slows down or stops. This 
loss of ATP—the energy source—has widespread effects 
on many systems within the cell. Heart muscle, for 
example, ceases to contract within 60 seconds of coro- 
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Figure 1—1. Postulated sequence of events in ischemic injury. Note that while the reduced ATP levels 
have a central role, ischemia may directly cause membrane damage, by currently uncertain 
mechanisms discussed in the text. The circled events appear to be the three most critical phenomena. 
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nary occlusion. (Note, however, that noncontractility 
does not mean cell death.) In particular, maintenance 
of cell membranes and the activity of their associated 
enzymes, such as ATPase, are impaired, eventually 
resulting in cell swelling (see below). The decrease in 
cellular ATP and associated increase in AMP stimulate 
the enzyme phosphofructokinase, which results in an 
increased rate of anaerobic glycolysis to maintain the 
cell's energy sources by generating ATP from glycogen. 
Glycogen is thus rapidly depleted, a phenomenon which 
can be appreciated histologically if tissues are stained 
for glycogen (such as with the periodic acid—Schiff stain 
[PAS]). Glycolysis results in the accumulation of lactic 
acid and inorganic phosphates from the hydrolysis of 
phosphate esters. This reduces the intracellular pH. As 
we shall see, this reduction in cell pH may have 
profound effects in later stages of cellular injury. At this 
early period there is also early clumping of nuclear 
chromatin, which can be seen on electron microscopy. 

One of the earliest and most important effects of 
reduced ATP concentration is acute cellular swelling 
(cellular edema) (Fig. 1-2). You will recall that mam- 
malian cells possess a high intracellular osmotic colloidal 
pressure, exerted by a greater intracellular than extra- 
cellular concentration of protein. On the other hand, 
sodium and other ions are at a lower intracellular than 
extracellular concentration. The low intracellular sodium 
concentration is maintained by an energy-dependent 
system within the cell membrane (the sodium pump), 
which also keeps the concentration of potassium signif- 
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Figure 1-2. Light micrographs depicti 


icantly higher intracellularly than extracellularly. The 
ouabain-sensitive enzyme ATPase is involved in this 
active transport system. In hypoxia, failure of this active 
transport, owing to diminished ATP and ATPase, causes 
sodium to accumulate intracellularly with diffusion of 
potassium out of the cell. The net gain of solute is 
accompanied by an iso-osmotic gain of water and con- 
sequent cell swelling. The movement of fluid and ions 
into the cell is associated with early dilatation of the 
endoplasmic reticulum. The mechanisms of this dilata- 
tion are not known, but it occurs before any swelling of 
mitochondria, Golgi apparatus, or lysosomes. 

The next phenomenon to occur is detachment of 
ribosomes from the granular endoplasmic reticulum and 
dissociation of polysomes into monosomes, probably due 
to disruption of the energy-dependent interactions be- 
tween the membranes of the endoplasmic reticulum 
and its ribosomes. If hypoxia continues, other alterations 
take place and, again, are reflections of increased mem- 
brane permeability and diminish mitochondrial func- 
tion. Blebs may form at the cell surface (Figs. 1-3 and 
1-4), and cells that possess microvilli (such as proximal 
tubular epithelial cells) begin to lose their normal mi- 
crovillous structure.” ° Freeze fracture techniques show 
aggregation of intramembranous particles of plasma 
membranes. “Myelin” figures, derived from plasma as 
well as organellar membranes, may be seen within the 
cytoplasm or extracellularly. They are thought to result 
from dissociation of lipoproteins with unmasking of 
phosphatide groups, promoting the uptake and inter- 
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lymphocyte; 2, Slight cytoplasmic edema; 3, Increasing cytoplasmic edema; 4 and 5, Disappearance 
of the nuclear depression; 6, Nuclear pyknosis. (From Bessis, M.: Living Blood Cells and Their 


Ultrastructure. New York, Springer-Verlag, 1972.) 
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Figure 1-3. Electron micrograph of normal epithelial cell of proximal kidney tubule. Note abundant 
microvilli (mv) lining the lumen (L). N = nucleus; V = apical vacuoles (which are normal structures 
in this cell type). (Figs. 1-3 to 1-5 courtesy of Dr. M. A. Venkatachalam, University of Texas at San 


Antonio.) 


Figure 1—4. Epithelial cell of the proximal tubule showing reversible ischemic changes. The microvilli 
(mv) are lost and have been incorporated in apical cytoplasm; blebs have formed and are extruded 
in the lumen (L). Mitochondria are slightly dilated. (Compare with Fig. 1-3.) 


calation of water between the lamellar stacks of mem- 


branes. Changes in the ionic environment and pH of | 


the injured cell probably cause the formation of such 
myelin figures, since similar alterations can be induced 
in vitro in model membrane systems. At this time the 
mitochondria are either normal, or slightly swollen, or 
actually condensed; the endoplasmic reticulum remains 
dilated; and the entire cell is markedly swollen, with 
increased concentrations of water, sodium, and chloride 
and a decreased concentration of potassium. 

All the above disturbances are reversible if oxygen- 
ation is restored. However, if ischemia persists, irre- 
versible injury ensues. As will be detailed later, there 
is no universally accepted biochemical explanation for 
the transition from reversible injury to cell death. 
However, irreversible injury is associated morphologi- 
cally with severe vacuolization of the mitochondria (Fig. 
1-5), including their cristae (so-called “high-amplitude 
swelling’ to differentiate it from the minor degrees of 
“low-amplitude swelling” seen under physiologic con- 
ditions); extensive damage to plasma membranes; swell- 
ing of lysosomes; and—particularly if the ischemic zone 
is reperfused—massive calcium influx into the cell. 
Amorphous densities develop in the mitochondrial ma- 
trix (Fig. 1-5). In the myocardium, these are early 
indications of irreversible injury and can be seen as 
early as 30 to 40 minutes after ischemia. Calcium also 
accumulates in mitochondria after reperfusion. There 
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Figure 1—5. Proximal tubular cell showing irreversible ischemic 
injury. Note the markedly swollen mitochondria containing amor- 
phous densities, disrupted cell membranes, and dense pyknotic 
nucleus. 
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is continued loss of proteins, essential coenzymes, and 
ribonucleic acids from the hyperpermeable membranes. 
The cells may also leak metabolites, which are vital for 
the reconstitution of ATP, thus further depleting net 
intracellular high-energy phosphates. att 

The falling pH (due to glycolysis, lactate accumu- 
lation, and breakdown of phosphate esters) together 
with changes in the ionic composition of the cell leads 
to injury to the lysosomal membranes, followed by 
leakage of their enzymes into the cytoplasm and acti- 
vation of their acid hydrolases. Lysosomes contain 
RNAases, DNAases, proteases, phosphatases, glucosi- 
dases, and cathepsins. Activation of these enzymes leads 
to enzymatic digestion of cell components evidenced by 
loss of ribonucleoprotein, deoxyribonucleoprotein, and 
glycogen. An attractive theory for irreversibility of cell 
injury was the so-called ° ‘suicide-bag hypothesis,” which 
postulated that cell death (suicide) occurred when the 
lvsosomes (bags) ruptured. However, although lvsoso- 
mal enzymes undoubtedly participate in the digestion 
and removal of the dead cell, the point of irreversibility 
has already passed by the time these lysosomes rup- 
ture.!! 

At anv rate, following cell death, cell components 
are progressively degraded, and there is widespread 
leakage of cellular enzymes into the extracellular space 
and, conversely, entry of extracellular macromolecules 
from the interstitial space into the dead cells. Finally, 
the dead cell may become replaced by large masses 
composed of phospholipids in the form of “myelin 
figures. These are then either phagocvtosed by other 
cells or degraded further into fatty acids. Calcification 
of such fatty acid residues may occur with the formation 
of so-called calcium soaps. 

At this point in the story, we should note that 
leakage of intracellular enzymes across the abnormally 
permeable plasma membrane, and into the serum, 
provides important clinical parameters of cell death. 
Cardiac muscle, for example, contains glutamic-oxalo- 
acetic transaminase (GOT), pyruvic transaminases, lactic 
dehydrogenase (ILDH), and creatine kinase (CK). Ele- 
vated serum levels of such enzymes, and _ particularly 
the isoenzymes specific for heart muscle (e.g., CK-MB), 
are valuable clinical criteria of myocardial infarction, a 
locus of cell death in heart muscle discussed in some 
detail on page 564. 

MECHANISMS OF IRREVERSIBLE INJURY. The se- 
quence of events for hypoxia was described as a contin- 
uum from its initiation to the ultimate digestion of the 
lethally injured cell by lysosomal enzymes. But at what 
point did the cel] actually die? How much hypoxia (or, 
for that matter, any other type of injury) can any cell 
tolerate without sustaining lethal injury? The duration 
of hypoxia necessary to induce irreversible cell injury 
varies tremendously according to the cell type and the 
nutritional and hormonal status of the animal (Table 1- 
1). In the liver, between one and two hours of ischemia 
are required to produce irreversible damage to liver 
cells. In the brain, neurons suffer irreversible damage 
after three to five minutes. In the kidney, 20 minutes 


Table 1-1. SUSCEPTIBILITY OF CELLS TO ISCHEMIC 
NECROSIS 


High Neurons (3-5 min) 

Intermediate Myocardium, hepatocytes, renal 
epithelium (30 min—2 hr) 

Low Fibroblasts, epidermis, skeletal 


muscle (many hours) 


of ischemia fails to produce cell death, whereas 30 
minutes of ischemia induces widespread death among 
epithelial cells in the proximal tubules. Thus, a difter- 
ence of 10 minutes of ischemia determines cell life or 
death. Even within the kidney, different segments of 
the nephron show varying susceptibility to ischemia. 
The proximal tubule is by far the most susceptible, and 
its straight segment is more vulnerable than its convo- 
luted segment.® The state of nutrition of the cell is also 
important. Liver cells of rats fed a normal diet contain 
abundant glycogen and have a higher potential for 
survival] after ischemia than do the liver cells of starved 
rats. 

What then are the critical events for lethal hypoxic 
injury? Two phenomena consistently characterize irre- 
versibility after ischemia and these point the finger to 
the two most likely events. The first is the inability to 
reverse mitochondrial dysfunction (lack of oxidative 
phosphorylation and ATP generation) upon reperfusion 
or reoxygenation, and the second is the development of 
profound disturbances in membrane function.’ 

Mitochondrial Dysfunction. It would be reasonable 
to consider that progressive depletion of ATP in itself 
at some critical juncture constitutes a lethal event, but 
the evidence on this issue is conflicting.'® ' In favor of 
a primary role for ATP depletion are the following 
observations. High-energy phosphate in the form of 
ATP is required for many synthetic and degradative 
processes within the cell.*? Intravenous infusion or in 
vivo perfusion of ATP (complexed to MgCl.) improves 
renal function and histology after renal ischemia and 
promotes animal survival in shock.'* In the myocardium, 
the marked depletion of ATP (90% after 40 minutes of 
ischemia) is closely related to the development of lethal 
injury.” However, in the ischemic kidney the concen- 
tration of ATP falls within a few minutes to a level 
approximately one-fifth of normal, but no progressive 
loss occurs over the next 20- or 30-minute period, when 
the vulnerable epithelial cells pass the “point of no 
return. ° Further, if ethionine, an analog of methionine, 
is administered to experimental animals, ATP levels in 
the liver decrease to 20% of normal without cell death." 
Although numerous alterations in mitochondrial struc- 
ture and function are found in ischemic tissues, it has 
been possible experimentally to dissociate these changes 
as well as ATP depletion from the inevitability of cell 
death.’ '° Despite such arguments about the primary 
role of ATP depletion, there is little doubt that it 
contributes to the functional and structural conse- 
quences of ischemia, as described earlier (Fig. 1-1). In 
addition, ATP depletion may indirectly participate in 


the other critical event in ischemia—cell membrane 
damage (discussed next).”° 

Cell Membrane Alterations. A great deal of evidence 
indicates that cell membrane damage is a central factor 
in the pathogenesis of irreversible cell injury.'©'® As 
should be well-known, the cell membrane consists of a 
lipid-protein mosaic made up of a bimolecular layer of 
phospholipids and globular proteins embedded within 
the lipid bilayer (Fig. 1-6A). An intact plasma mem- 
brane is essential to the maintenance of normal cell 
permeability and volume. Loss of volume regulation, 
increased permeability to extracellular molecules such 
as inulin, and demonstrable plasma membrane ultra- 
structural defects occur in the earliest stages of irrever- 
sible injury.’*?! 

The biochemical basis of this membrane damage is 
now under intensive study. Several possibilities exist, 
but it now appears clear that one important alteration 
is net loss of phospholipids from cel] membranes. '® 7-4 
Normally, the turnover of membrane phospholipids is 
coupled to their re-synthesis so that the integrity of the 
cell membrane is maintained. Most membrane phos- 
pholipids consist of a 3-carbon glycerol chain in which 
two fatty acids are esterified to two of the three hydroxyl 
groups of the glycerol backbone (Fig. 1-6B). Degrada- 
tion of membrane phospholipids involves the action of 
a phospholipase A, which splits off one fatty acid, 
followed by removal of the second by a lysophospholi- 
pase. These enzymes are endogenous to normal cell 
membranes and their activation is strongly calcium 
dependent. One postulated explanation for such phos- 
pholipid loss is activation of endogenous phospholipases 
present in the endoplasmic reticulum and plasma mem- 
branes, causing increased degradation of phospholipid.” 
This activation of phospholipases may in turn be the 
-result of increased cytosolic calcium concentration in- 
duced by ischemia. It should be remembered that the 
normal intracellular calcium concentration is extremely 
low (+107~7M), and that such calcium is sequestered in 
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Figure 1-6A. Schematic representation of the plasma membrane. 
The bilipid layer has its hydrophilic end (circles) directed outward 
and its hydrophobic tails directed inward. Globular proteins are 
embedded in the lipid, and some span the entire bilayer. The 
polysaccharide chains of the glycoproteins project above the sur- 
face. 
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Figure 1—-6B. Structure of a phospholipid. Two fatty acids (R, and 
R.,) are esterified to the 1 and 2 carbons of glycerol, and one of a 
number of polar phosphatides (X) is esterified to the 3 carbon of 
the glycerol “backbone.” The ester bonds linking these functional 
groups to glycerol can be hydrolyzed by a number of phospholipases 
as shown on the illustration. (Letters in squares) (From Katz, A.M., 
and Messineo, F.C.: Lipid-membrane interactions and the patho- 
genesis of ischemic damage in the myocardium. Circ. Res. 48:1, 
1981. By permission of The American Heart Association, Inc.) 


mitochondria (and endoplasmic reticulum). Oxygen dep- 
rivation releases sequestered calcium and raises cyto- 
solic calcium.” However, there is no clear evidence 
that increased phospholipid degradation precedes 
plasma membrane damage, at least in myocardial is- 
chemia.” 

Other mechanisms for membrane damage have 
been invoked. These include the detergent action of 
toxic lipid breakdown products, such as unesterified 
fatty acids (acyl carnitine and lysophospholipids), which 
accumulate in ischemia;”* 7’ depressed phosphorylation 
of membrane proteins due to reduction of ATP;!? de- 
creased synthesis of membrane phospholipids;'® or re- 
lease of toxic free radicals by ischemic cells (p. 10). 
Whatever the mechanism(s), the resultant membrane 
damage causes further influx of calcium from the extra- 
cellular space, where it is present in high concentrations 
(>10°-3M), into the cells. When, in addition, the is- 
chemic tissue is reperfused to some extent, as may occur 
in vivo, the scene is set for a massive influx of calcium. 
Farber’® has argued that this calcium influx may be the 
“coup de grace” that determines irreversible injury, not 
only after ischemia but also in toxic injury. This author 
found that agents that block calcium influx (e.g., chlor- 
promazine, a phenothiazine derivative) prevent irrever- 
sible ischemic or toxic injury. Calcium is taken up avidly 
by mitochondria after reoxygenation and permanently 
poisons them, inhibits cellular enzymes, denatures pro- 
teins, and causes the cytologic alterations characteristic 
of coagulative necrosis. 

It is evident that the precise molecular events that 
initiate irreversible cel] damage are still incompletely 
understood. Indeed, it may well be that several mech- 
anisms, acting at more than one locus, underlie cell 
death. For now it must suffice to say that hypoxia affects 
oxidative phosphorylation and hence the synthesis of 
vital ATP supplies, that membrane damage is critical to 
the development of lethal cell injury, and that calcium 
ions may under some conditions he important mediators 
of the biochemical alterations leading to cell death. 
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GENERAL MECHANISMS. It can be deduced from 
our discussion of hypoxic cell injury that any agent that 
can cause direct damage to the cell membrane, or to 
the membranes of critical cell organelles, can trigger a 
sequence of events that, in the end, may mimic those 
occurring in hypoxia. Indeed, it is likely that a large 
number of chemical, physical, and infectious agents as 
well as the process of immune lysis cause cell injury by 
this mechanism. In cell injury due to chemicals, the 
unanswered question is this—What is the biochemical 
nature of the interaction between the toxic agent and 
the particular cell membrane that eventually leads to 
cell damage and increased permeability? In some cases, 
the explanations are straightforward. For example, some 
bacteria, such as Clostridium perfringens, secrete phos- 
pholipase C (Fig. 1-6B), which interacts with the phos- 
pholipids of membranes and causes severe and acute 
permeability changes, with influx of ions and water into 
the cell. In mercuric chloride poisoning, mercury binds 
to the sulfhydryl groups of the cell membrane and other 
proteins, causing increased membrane permeability and 
inhibition of ATPase-dependent transport. Most other 
toxic chemicals, however, are not biologically active but 
must be converted to reactive toxic metabolites by 
specific target cells. Two general mechanisms are pos- 
tulated to account for membrane damage by such reac- 
tive metabolites:?? (1) free radical formation and lipid 
peroxidation (to be discussed in detail presently) and (2) 
direct covalent binding of a metabolite to the macro- 
molecular components (lipid and protein) of the mem- 
brane. An example of the latter mechanism is the 
hepatotoxicity of bromobenzene, although recent evi- 
dence questions the extent to which covalent binding 
can explain lethal damage with this compound.” 

FREE RADICALS AND CELL INJURY. Many forms of 
toxic injury, as well as a number of important pathologic 
processes, are caused by the formation of highly reactive 
free radicals. The processes include chemical and radia- 
tion injury, oxygen and other gaseous toxicity, cellular 
aging, microbial killing by phagocytic cells, inflamma- 
tory damage, tumor destruction by macrophages, endo- 
thelial injury, and others. Although the role of free 
radicals in these events will be detailed later, it would 
be helpful here to review briefly some aspects of free 
radical pathology that may be shared by these processes. 
The physicochemical basis for free radical formation and 
the biochemical reactions leading to cell injury are 
complex, so a rather oversimplified account will be 
given. For the hardy, recent reviews and books are 
available.?!-* 

Free Radical Reactions. The biologically relevant 
free radicals include metabolic products of exogenous 
chemicals or drugs (e.g., CCl: a product of carbon 
tetrachloride, CCl,) or naturally occurring free radicals 
formed during endogenous, usually oxidative, metabolic 
reactions (superoxide [O,~], hydroxyl [OH °:], singlet 
oxygen).Free radicals can be most simply defined as 
atoms or groups of atoms having an odd (unpaired) 


number of electrons that may enter into chemical-bond 
formation. They may be positively charged, negatively 
charged, or neutral. 

Free radicals are potentially extremely reactive, are 
chemically unstable, and usually occur in low concen- 
trations. They generally induce chain reactions that 
occur slowly under normal conditions but may be rapidly 
accelerated if chain initiators (e.g., other free radicals) 
are introduced. Three processes are important in free 
radical reactions: (1) initiation, when free radicals are 
produced; (2) propagation, when new free radicals are 
formed as a chain reaction; and (3) termination, when 
free radicals are destroyed. 


1. The initiation of free radicals in biologic materials 
requires either: (a) a powerful outside energy source 
(e.g., x-ray or ultraviolet light) or (b) more commonly, 
interactions of oxygen or other molecules (e.g., CCl,) 
with a free electron during oxidation-reduction (re- 
dox) reactions. 

a. Free radical formation by ionizing radiation is 
usually mediated through the radiolysis of water: 
H: and OH: are produced, and the latter in 
particular is damaging to the cell. If these dam- 
ages remain unrepaired, mutation ensues (p. 466). 

b. The formation of free radicals during redox reac- 
tions is crucial because of the ubiquitous nature 
of these processes in living cells. A free electron 
can interact with O, in the vicinity of electron 
transfer reactions to produce the highly reactive 
free radical superoxide: 


O, + e — O,7 
or in the case of CC], 
CCl, + e" ~ CCl, + Cl- 


In these reactions, transitional metals (e.g., iron, 
copper) can donate or accept single electrons in their 
transit from one valency state to another and can 
catalyze the decomposition of peroxides. Iron, in 
particular, is an abundant and potent catalyst of free 
radical formation: 


Fe** + H,O, — Fe*** + OH: + OH™ 


2. Free radical propagation occurs principally through 


atom transfer or addition reactions, rendering the 
system autocatalytic. Atom transfer is the most com- 
mon, and most often it is the univalent hydrogen or 
halogen atom that is transferred: 


R: + R,H — RH + R,, or 
R: + R,Cl— RCI + R;, 


It is thought that the propagation of CCl, as a free 
radical occurs by addition to a preexisting free radi- 
cal(s): 


R: + CCl, — CCl, + RCl 


Addition reactions also contribute to the damage of 

unsaturated fatty acids in membranes: 

RCH = CH, + CCl; —> RC: = CH, + CHCl, 

3. Termination, or inactivation, of free radicals is ob- 
viously of great benefit and indeed is the mechanism 
by which normal cells protect themselves from free 
radical injury. In biologic systems, termination is 
achieved by several means. 

a. Endogenous or exogenous antioxidants (e.g., vi- 
tamin E; sulfhydryl compounds like cysteine, 
glutathione, and D-penicillamine; serum proteins, 
such as ceruloplasmin and transferrin), which 
either block the initiation of free radical formation 
or inactivate (e.g., scavenge) free radicals. Sulfhy- 
dryls (e.g., reduced glutathione or GSH) allow 
the hydrogen on —SH to be abstracted by a free 
radical, and the resultant —-S: is combined with 
another —S to form an oxidized disulfide —S—S: 


29HO: + 2GSH > 2H,O + G-S-S-G 
H,O, + 2GSH > 2H,O+G-S-S-G 


These reactions are catalyzed by GSH peroxidase. 
Transferrin is thought to act as an antioxidant by 
binding free iron, which as we have seen can 
catalyze free radical formation. 

b. Another important reaction is the inactivation of 
superoxide (O,~) catalyzed by the enzyme super- 
oxide dismutase (SOD): 


O,, + O, + 2H* > H,O, + O, 
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The H,O, is then decomposed by the action of 
catalase: 


2H,O, > O, + 2H,O 


Unfortunately, all tissues are not equally endowed 
with SOD and catalase. Hence, accumulation of both 
H,O, and/or O,~ may ensue, and these may undergo 
the Haber-Weiss reaction to induce another highly 
toxic free radical (OH>): 


H,O, + O,- ~ OH: + OH- + O, 


The balance of these reactions is unpredictable, 
but the availability of superoxide dismutase dimin- 
ishes the possibility of production of oxidative free 
radicals. 

Pathologic Consequences of Free Radical 

Formation 

LIPID PEROXIDATION. Free radicals can affect lipids by 

initiating peroxidation, and can also catalyze amino-acid 
oxidation, protein-protein cross-linking, and protein 
strand scission (Fig. 1-7).*° Here we shall discuss only 
lipid peroxidation as a mechanism of membrane damage 
by free radicals. Simply defined, this is deterioration of 
polyunsaturated lipids® and is equivalent to the process 
by which fats become rancid. Peroxidation involves the 
direct reaction of oxygen-derived free radicals and lipid 
to form free radical intermediates and semi-stable per- 
oxides. There results a chain of subsequent autocatalytic 
reactions of free radicals, propagation reactions that 
result in membrane damage and the production of 
terminal aldehydes including malondialdehyde. The lat- 
ter product is important, since it mediates a variety of 
cross-linking reactions and can also be quantitated as a 
measure of the extent of lipid peroxidation. 
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Figure 1-7. Free radical damage to membranes. Free radicals can affect lipids by initiating 
peroxidation, which leads to short-chain fatty acyl derivatives and the by-product malondialdehyde. 
Variety of cross-linking reactions can be mediated by malondialdehyde reactions. Free radicals can 
also catalyze amino acid oxidation, protein-protein cross-linking, and protein strand scission. (From 
Freeman, B. A., and Crapo, J. D.: Biology of disease: free radicals and tissue injury. Lab. Invest. 
47:412, 1982. © 1982, The Williams & Wilkins Company, Baltimore.) 
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CC\l,-INDUCED CELL INJURY. One of the best character- 
ized models of lipid peroxidation is the chemical injury 
produced in the liver by carbon tetrachloride (CCl,) 
poisoning.* ** This halogenated hydrocarbon is used 
widely in the dry-cleaning industry and represents a 
prototype for chemical injury by many similar com- 
pounds. The toxic effect of carbon tetrachloride is not 
due to the CCl, molecule but to conversion of the 
molecule to the highly reactive toxic free radical CC), ° 
in the smooth endoplasmic reticulum (SER) by the 
mixed-function (P-450) oxidase system of enzymes in- 
volved in the metabolism of lipid-soluble drugs and 
other compounds.* It follows, therefore, that proce- 
dures that inhibit the hepatic mixed-function oxidase 
system reduce the severity of CCl, injury. Thus, new- 
born rats, which do not possess the enzyme, are resistant 
to the effect of carbon tetrachloride, as are protein- 
depleted rats whose hepatic drug metabolizing system 
is markedly diminished. On the other hand, when 
hepatic mixed-function oxidative activity is increased, 
as in the adaptive response to administration of pheno- 
barbital (p. 27), the rats become hypersensitive to CC],. 

At any rate, the free radicals produced locally cause 
autooxidation of the polyenoic fatty acids present within 
the membrane phospholipids. There, oxidative decom- 
position of the lipid is initiated, and organic peroxides 
are formed after reacting with oxygen (lipid peroxida- 
tion). This reaction is autocatalytic in that new radicals 
are formed from the peroxide radicals themselves. Thus, 
rapid breakdown of the structure and function of the 
endoplasmic reticulum is due to decomposition of the 
lipid. It is no surprise, therefore, that CCl,-induced 
liver cell injury is both severe and extremely rapid in 
onset. Within less than 30 minutes there is a decline in 
hepatic protein synthesis of both plasma proteins and 
endogenous protein enzymes. Swelling of the cisternae 
of the endoplasmic reticulum can be seen early with the 
electron microscope, and within less than two hours 
there is dissociation of the ribosomes from the mem- 
branes of the endoplasmic reticulum (Fig. 1-8), followed 
by disaggregation of the free polysomes. 

The next event that occurs is an accumulation of 
lipid within the cytoplasm, beginning in the endo- 
plasmic reticulum. This lipid accumulation is due to the 
inability of cells to synthesize lipoprotein from triglyc- 
erides and “lipid acceptor protein.” As will be detailed 
in the section on fatty change (p. 19), triglycerides can 
leave the hepatic cell only after they have been incor- 
porated into lipoprotein. Thus, failure of lipid acceptor 
protein synthesis leads to marked increases in intracel- 
lular triglycerides and the characteristic fatty liver of 
CCl, poisoning. 

In CCl, poisoning, mitochondrial injury occurs after 
injury to the endoplasmic reticulum, and this is followed 
by progressive swelling of the cells due to increased 
permeability of the plasma membrane. Plasma mem- 
brane damage is thought to be caused by relatively 
stable fatty aldehydes, which are produced by lipid 
peroxidation in the SER but are able to act at distant 


after carbon tetrachloride 
intoxication with well-developed swelling of endoplasmic reticulum 
and shedding of ribosomes. Mitochondria at this stage are unaltered. 
(Courtesy of Dr. O. Iseri.) 


sites.°* 4° Plasma membrane damage also results in a 
massive influx of calcium, which accumulates in the 
mitochondria. The progressive damage to the cell after 
these events is similar to that which occurs in hypoxic 
injury (Table 1-2). 


Table 1-2. PATHOGENESIS OF CCl,-INDUCED LIVER CELL 
NECROSIS 


Uptake of CCl, by liver cells 

Conversion in SER to CCl; 

Reaction of CCl; with microsomal polyneic fatty acid 

Generation of lipid radicals 

Reaction of lipid radicals with O, — lipid peroxidation 

Autocatalytic spread along microsomal membrane 
Membrane damage Release of products of 

RER lipid perioxidation 


| | 


Polysome detachment Damage to plasma membrane 


* Permeability to Na*, H,O, Ca** 
Cell swelling 


| Lipid acceptor protein 
synthesis 


Fatty liver Massive influx of Ca** 

Inactivation of mitochondria, cell 
enzymes, and denaturation of 
proteins 


Other Examples of Free Radical Injury. As stated 
earlier, free radicals are now thought to be involved in 
many pathologic and physiologic processes, to be dis- 
cussed throughout this book. Here we shall introduce 
only some examples of free radical injury. 

Oxygen and Other Gas Toxicity. Exposure to high 
concentrations of oxygen, ozone, and other gases results 
in damage to alveolar cells (mainly type I pneumocytes), 
and this action also appears to be mediated by free 
radical formation.*! * In addition, the herbicide par- 
aquat ingested or injected parenterally causes extensive 
pulmonary damage, which is enhanced by oxygen and 
is ascribed to damage by oxygen radicals.* Since super- 
oxide dismutase and catalase inactivate some of the toxic 
radicals of oxygen, administration of these enzymes will 
diminish the severity of lung damage. 

Aging. In its simplest form, the so-called “free 
radical” theory of aging supposes that the formation of 
free radicals is more frequent in aging organisms, re- 
sulting in lipid peroxidation and membrane damage. In 
fact, the accumulation of the pigment lipofuscin (p. 23) 
in large amounts in the aging liver and heart is taken as 
evidence for this theory, since lipofuscin appears chem- 
ically to consist of complexes of lipid-protein substances, 
probably derived through peroxidation of polyunsatur- 
ated lipids of subcellar membranes.** Theoretically, in- 
creased lipid peroxidation with aging might occur as a 
result of (1) continuous increased formation of free 
radicals caused by environmental agents; (2) diminished 
availability of antioxidants for unknown reasons; or (3) a 
loss or diminution of activity of some of the compounds 
or enzymes that catalyze the inactivation of toxic free 
radicals, e.g., superoxide dismutase. 

Irradiation Injury. The role of free radicals in tissue 
damage induced by irradiation is well documented. 
— OH: and H: produced by radiolysis are known to add 
to the bases of nucleic acids and to abstract hydrogen 
from pentose to release organic free radicals (p. 464). 

Microbial Killing. Bacteria ingested by leukocytes are 
killed within the phagolysosomes. The lethal damage to 
bacteria is largely dependent on the oxidative burst that 
occurs in leukocytes during phagocytosis. The role of 
generated free radicals in bacterial killing is discussed 
on page 50. 

Inflammation. Oxygen-derived free radicals pro- 
duced by leukocytes and other cells in the course of 
inflammation play an important role in inducing tissue 
damage and in elaborating chemotactic agents (p. 56).*! 

Free radical reactions also account for the thera- 
peutic effects of some drugs, such as antibiotics and 
anticancer agents,** and have also been implicated— 
often with marginal evidence—in a multitude of other 
processes including atherosclerosis*’ and cancer. 


In concluding this discussion of the pathogenesis of 
cellular injury induced by hypoxia and chemicals, sev- 
eral points should be made. Cells sustain biochemical 
injuries long before they undergo alteration in their 
structure. Alterations in one intracellular locus have 
ramifications affecting a host of additional systems. The 
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tiny pebble cast into the pool causes only a minute 
splash, but the ripples propagate and ultimately affect 
the entire pool. Irreversible injury may well be not the 
result of damage to a single locus or system, but the 
summation of many disruptions that eventually over- 
come the cell’s capacity to adapt. Whatever the Achilles’ 
heel(s) of the cell may be, they are undoubtedly bio- 
chemical processes that, when dislocated, lead in time 
to observable morphologic change. 


MORPHOLOGY OF CELL INJURY 


Ultrastructural Changes 


We can now examine the morphologic changes in 
reversibly and lethally injured cells, and we shall begin 
with the ultrastructural changes. These have been al- 
luded to in the discussion of the pathogenesis of cell 
injury; here we shall briefly summarize these changes 
as they affect various components of the cell. 

Changes ascribable to alterations in the plasma 
membrane are seen early in cell injury, reflecting the 
disturbances in ion and volume regulation induced by 
loss of ATP. These include cell swelling, formation of 
cytoplasmic blebs, blunting and distortion of microvilli, 
creation of myelin figures, and deterioration and loos- 
ening of intercellular attachments. These changes can 
occur rapidly and are readily reversible. In later stages, 
breaks are seen in both the membranes enclosing the 
cell and those of the organelles (Figs. 1-4 and 1-5). 

Mitochondrial changes occur extremely rapidly 
after ischemic injury but are delayed in some forms of 
chemical injury. Early after ischemia, the mitochondria 
appear condensed, possibly as a result of condensation 
of the matrix protein following loss of ATP. However, 
this is quickly followed by swelling of mitochondria due 
to the ionic shifts that occur in the mitochondrial inner 
compartment. Characteristic amorphous densities ap- 
pear as early as 30 minutes after ischemia in the 
myocardium, where they correlate with the onset of 
irreversibility. These densities consist of lipids or lipid- 
protein complexes, but with reperfusion, dense granules 
appear that are very rich in calcium. The latter also 
occur in chemical injury. With irreversible injury also 
comes increased swelling of mitochondria, which may 
assume large, bizarre forms. Finally, there is outright 
rupture of the mitochondrial membranes, followed by 
progressively increased calcification. 

Dilatation of the endoplasmic reticulum occurs early 
after injury, probably owing to changes in ion and water 
movement. This is followed by detachment of ribosomes 
and disaggregation of polysomes, with a decrease of 
protein synthesis (Fig. 1-8). These responses are also 
reversible, but with further injury (or early on, as in 
the case of CCl,, due to lipid peroxidation) there is 
progressive fragmentation of the endoplasmic reticulum 
and formation of intracellular aggregates of myelin fig- 
ures. 

Changes in the lysosomes generally appear late. In 
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the stages of irreversible injury, lysosomes may be clear 
and often swollen, but there is no evidence of leakage 
of lysosomal enzymes at this stage. However, after the 
onset of lethal injury, lysosomes rupture and eventually 
may disappear as recognizable structures from the dis- 
figured carcass of the dead cell. Most of these vanishing 
lysosomes must have ruptured, but some have fused 
with the autophagic vacuoles (phagosomes), which now 
become apparent within the damaged cell. 


Light Microscopic Patterns 


Before we describe the histologic alterations of 
reversibly injured and dead cells, let us remember that 
these are observations made on fixed static cells. Much 
more dramatic are the dynamic changes that can be 
seen by phase-contrast microscopy or better still by 
time-lapse cinemicrography of unfixed cells observed in 
culture.** Here one of the earliest changes is the so- 
called “irritability” of cells, in which cells move faster, 
seem to contract, form folds, and throw out pseudopods. 
These are almost certainly due to alterations in the 
cytoskeletal system and are reversible. Vacuolization, 
membrane blebbing, nuclear alterations, and final rup- 
ture of the cell can also be directly observed as they 
occur in the writhing cell if the toxic stimulus is main- 
tained. 

In classic pathology, the morphologic changes re- 
sulting from nonlethal injury to cells were termed 
degenerations, but today they are more simply desig- 
nated reversible injuries. Two patterns can be recog- 
nized under the light microscope: cellular swelling and 
fatty change. Cellular swelling appears whenever cells 
are incapable of maintaining ionic and fluid homeostasis. 
Hydropic change is an older term that merely denotes 
an extension of cellular swelling, reflecting the intracel- 
lular accumulation of greater amounts of water. Fatty 
change, under some circumstances, may be another 
indicator of reversible cell injury. It is a less universal 
reaction, principally encountered in cells involved in 
and dependent on fat metabolistn, such as the hepato- 
cyte and myocardial cell. Since it is a form of intracel- 
lular accumulation, it is described in detail later in this 
chapter. 

CELLULAR SWELLING. The first manifestation of al- 
most all forms of injury to cells is an increase in their 
size resulting from a shift of extracellular water into the 
cell caused by mechanisms described earlier. 


Cellular swelling is a difficult morphologic change to 
appreciate with the light microscope; it may be more dis- 
cérnible at the level of the whole organ. When it affects all 
cells in an organ, it causes some pallor, increased turgor, 
and increase in weight of the organ. Microscopically, en- 
largement of cells is most often discernible by comptession 
of the microvasculature of the organ as, for example, the 
hepatic sinusoids and the capillary network within the renal 
cortex. Likewise, the spaces. of Disse in the liver may be 
narrowed. In passing, loss of glycogen is another particu- 
larly early sign of ischemic injury and can often be appreci- 
ated with use of special stains. 


am 


Figure 1-9. Marked cellular swelling (hydropic degeneration) of 
renal tubular epithelial cells seen in the center field above and 
below the glomerulus. The cleared, vacuolated cells contain dark 
displaced nuclei. 


lf water continues to accumulate within cells, the further 
swelling is associated with the appearance of small cleared 
vacuoles within the cytoplasm. These vacuoles presumably 
represent distended and pinched-off or sequestered seg- 
ments of the endoplasmic reticulum. This pattern of nonlethal 
injury is sometimes called “hydropic change” or “vacuolar 
degeneration” (two terms that are better discarded) and is 
encountered most often in the epithelial cells of the proximal 
convoluted tubules of the kidney (Fig. 1-9), liver, or heart 
following chloroform or CCl, poisoning, as well as in certain 
infections, high fevers, and hypokalemia. 


Swelling of cells is a reversible alteration and, 
indeed, may be without significant functional effect. It 
is, therefore, an indicator of mild injury and is of 
principal importance as a possible antecedent to more 
severe cell injury. 

THE Necrotic CELL. Necrosis is the sum of the 
morphologic changes that follow cell death in a living 
tissue or organ. Except for “normal” tissues placed 
immediately in fixatives, necrosis is the major morpho- 
logic manifestation of cell death. It has already been 
made clear that cells die some time before such lethal 
injury can be identified under the light microscope. In 
the studies done by Majno and colleagues, it was not 
possible to make light microscopic diagnoses of ischemic 


rat liver cell necrosis until seven to eight hours after 
the cells had died.* Ironically, the necrosis was apparent 
to the naked eye after three to four hours, because the 
tissue became abnormally opaque and pale at this time. 
As stated earlier, enzymes are activated and released 
from the lysosomes of the dead cell, causing autoloysis. 
Moreover, dead cells evoke an inflammatory reaction 
that brings to the area leukocytes as well as plasma 
proteins that leak across the small blood vessels. Lyso- 
somal enzymes released by the leukocytes, as well as 
activated factors from plasma, contribute to further 
degradation of the dead cells, a process called hetero- 
lysis.*° 


The dead cell usually shows increased eosinophilia, due 
in part to the loss of normal cytoplasmic basophilia imparted 
by the ribonucleoprotein in the cytoplasm (which is scattered 
and lost during cell death) and in part to increased binding 
of eosin to denatured intracytoplasmic proteins. The cell 
may have a more glassy homogeneous appearance than 
normal cells, due mainly to the loss of glycogen particles, 
which impart a more granular appearance to the cytoplasm 
in the normal cell. Eosinophilic globules within the cytoplasm 
represent swollen mitochondria. When lysosomal enzymes 
have digested the cytoplasmic organelles, the cytoplasm 
becomes moth-eaten and vacuolated. Finally, calcification 
of the dead cells may occur in some instances (p. 35). 

Nuclear changes also occur jn sublethally and lethally 
injured cells. The earliest observed ultrastructural change is 
a reversible clumping of the chromatin to create large 
aggregates attached to the nuclear membrane and to the 
nucleolus. As the degradative changes in the cell progress, 
however, nuclear degeneration may follow along one of two 
pathways. In some cells, the nucleus progressively shrinks 
and becomes transformed to a small, dense, wrinkled mass 
of tightly packed chromatin, an alteration called nuclear 
pyknosis. With time, this chromatin undergoes progressive 
dissolution karyolysis, apparently as a result of the hydro- 
lytic action of the DNAses of lysosomal origin. In other cells, 
after undergoing pyknosis, the nucleus may break up into 
many clumps, a process called karyorrhexis. Eventually the 
nucleus disappears, and so far as we know, with the excep- 
tion of the erythrocyte in man, no cell devoid of a nucleus is 
vital. However, by the time the nucleus has disintegrated, 
the cell is long dead. 


A somewhat distinctive morphologic pattern of cell 
death has récently been renamed apoptosis® (derived 
from Greek for “dropping off’). It usually involves single 
cells, or clusters of cells, and appears on H and E 
sections as a round or oval mass of intensely eosinophilic 
cytoplasm often with pyknotic nuclear fragments. One 
example is the acidophil or Councilman body seen in 
the liver in toxic or viral hepatitis, but apoptosis also 
occurs in a variety of other physiologic conditions. It is 
thought that the alterations initially involve rapid con- 
densation of both nucleus and cytoplasm,” but the 
mechanism of cell injury in apoptosis is unclear, as is 
its distinctness from the mechanism of necrosis. 

Types OF NECROSIS. The death of cells is not always 
followed by immediate dissolution of the cellular carcass. 
Different pathways may be followed depending on the 
balance between progressive proteolysis, coagulation of 
protein, and calcification, resulting in the emergence of 
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distinctive morphologic types of necrosis. Although in 
all instances these types of necrosis clearly signify pre- 
vious cell death, the characteristic histologic types some- 
times give a clue to the cause of cell injury, and will 
therefore be described in some detail. 

Coagulation Necrosis. Coagulation necrosis is the 
most common pattern of necrosis and is characterized 
by conversion of the cell to an acidophilic, opaque 
“tombstone.” This usually occurs with loss of the nucleus 
but with preservation of the basic cellular shape, per- 
mitting recognition of the cell outlines and tissue archi- 
tecture (Fig. 1-10). For example, an entire renal tubule 
may undergo coagulation necrosis, but can still be 
recognized as a tubule owing to preservation of its 
cylindrical shape and the outlines of the tubular epithe- 
lial cells. This pattern of necrosis results most commonly 
from sudden severe ischemia in such organs as the 
kidney, heart, and adrenal gland. It can also occur after 
chemical injury, as in the coagulation necrosis of proxi- 
mal renal tubules induced by ingestion of mercuric 
chloride. Presumably, this pattern results from dena- 
turation of proteins soon after the cell has died. The 
mechanism of such denaturation is poorly understood, 
but may be similar to the molecular transformations that 
occur when soluble proteins such as albumin are coag- 
ulated by heat or when proteins are fixed by formalde- 
hyde. The proteins are rendered less soluble, thus 
delaying proteolysis by lysosomal enzymes and preserv- 
ing, for a few days, the dense eosinophilic coagulate 
itself. In the course of time, however, these coagulated 
cells are either liquefied or removed by fragmentation 
and phagocytosis by invading leykocytes. 

Liquefaction Necrosis. Liquefaction necrosis results 
from the action of powerful hydrolytic enzymes and 
occurs when autolysis and heterolysis prevail over con- 
ditions that favor denaturation of proteins (the latter 
resulting in coagulation necrosis). This pattern is char- 
acteristic of ischemic destruction of brain tissue. It is 
also commonly encountered in all focal bacterial lesions, 
presumably because enzymes of bacterial and leukocytic 
origin contribute to the digestion of dead cells. Such 
liquefactive necrosis is particularly characteristic of py- 
ogenic microorganisms (staphylococci, streptococci, E. 
coli, and others); the leukocyte-containing proteinaceous 
fluid composes a large part of what would be called pus 
(Fig. 1-11). Brain tissue undergoing liquefaction necro- 
sis is eventually converted to a cystic structure filled 
with debris and fluid. These cysts are the hallmark of 
areas of past brain infarction. 

Enzymatic Fat Necrosis. Enzymatic fat necrosis is 
the highly specific morphologic pattern of cell death 
encountered when lipases escape into fatty depots. It is 
seen in a disease called acute pancreatic necrosis, in 
which there is patchy necrosis of the pancreas and of 
fatty depots throughout the abdomen caused by pan- 
creatic enzymes released from the injured acinar cells. 
Powerful lipases and proteases run amuck and enzy- 
matically destroy not only the pancreatic substance 
itself, but also fat cells in and about the pancreas and 
throughout the peritoneal cavity. These lipases catalyze 
the decomposition of triglycerides that leak from adja- 
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Figure 1-10. Left, necrotic cardiac muscle cells with well preserved outlines. The nuclei haye 
disappeared, and the cytoplasm is coagulated and granular. Right, preserved normal muscle for 
comparison. 


cent damaged adipose cells to produce free fatty acids. 
The necrosis takes the form of foci of shadowy outlines 
of necrotic fat cells, the lipid content of which has been 
lipolyzed, surrounded by an inflammatory reaction (Fig. 
]—12). The released fatty acids then complex with cal- 
cium to create calcium soaps, which appear in tissue 
sections as amorphous, granular, basophilic deposits. To 
the naked eye, the necrotic foci appear opaque and 


Figure 1-12. A sharply circumscribed focus of enzymatic necrosis 
Figure 1-11. A focus of liquefactive digestion in the myocardium. of fat. Shadowy outlines of fat cells persist, surrounded by a zone 
In the involved area, all muscle cells have been destroyed, and the of inflammation. The focus is surrounded by normal pancreatic 
focus is filled with inflamrnatory white cells. substance. 


Figure 1-13. A tuberculous kidney with multiple discrete large foci 
of caseous necrosis. The caseous debris is yellow-white and cheesy. 


chalky-white, and familiarity with the gross and micro- 
scopic features of this form of necrosis often enables the 
surgeon and the pathologist to identify the nature of the 
acute abdominal emergency. 

Caseous Necrosis. This is another distinctive type 
of necrosis that is a combination of coagulative and 


Figure 1-14. A tubercle. A large area of caseous tuberculosis is 
seen in lower right. 
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Figure 1-15. Gangrene of the lower leg, sharply delineated from 
the proximal normal tissues. The affected areas are discolored and 
the superficial skin and tissues have begun to slough. 


liquefactive necrosis encountered principally in the cen- 
ter of tuberculous infections (Fig. 1-13). The character- 
istic appearance of this type of necrosis is that of soft, 
friable, whitish-gray debris resembling clumped cheesy 
material, hence the term caseous necrosis. This appear- 
ance has been attributed to the capsule of the tubercle 
bacillus Mycobacterium tuberculosis, which contains 
lipopolysaccharides, but the exact interaction of this 
material with dead cells is not well understood. Micro- 
scopically the cells are not totally liquefied nor are their 
outlines preserved, creating a distinctive amorphous 
granular debris (Fig. 1-14). The caseous necrosis is 
enclosed within a granulomatous inflammatory wall. 

Gangrenous Necrosis. Although gangrenous necro- 
sis in reality does not represent a distinctive pattern of 
cell death, the term is still commonly used in surgical 
clinical practice. It is usually applied to a limb, generally 
the lower leg, which has lost its blood supply and has 
subsequently been attacked by bacterial agents (Fig. 1- 
15). The tissues in this case have undergone ischemic 
cell death and coagulative necrosis modified by the 
liquefactive action of the bacteria and the attracted 
leukocytes. When the coagulative pattern is dominant, 
the process may be termed dry gangrene. Alternatively, 
when the liquefactive action is more pronounced, it 
may be designated as wet gangrene. 


INTRACELLULAR ACCUMULATIONS 


Under some circumstances, normal cells may ac- 
cumulate abnormal amounts of various substances. The 
stockpiled substances fall into three categories: (1) a 
normal cellular constituent accumulated in excess, such 
as lipid, protein, and carbohydrates; (2) an abnormal 
substance, which may be a product of abnormal metab- 
olism; and (3) a pigment, i.e., a colored substance. 


48 CELLULAR INJURY AND ADAPTATION 


These substances may accumulate either transiently or 
permanently and may be detected by the macroscopic 
color of the stored material, by its microscopic appear- 
ance, by its staining characteristics, by its immunohis- 
tochemical specificity, and, most precisely, by biochem- 
ical and biophysical determinations. These accumulated 
substances may be harmless to the cells, but on occasion 
may also be severely toxic. The location of the substance 
may be in either the cytoplasm or the nucleus; in the 
former location it is most frequently within lysosomes. 
In some instances the cell may be producing the abnor- 
mal substance, and in others it may be merely storing 
products of pathologic processes occurring elsewhere in 
the body. 

The processes that result in abnormal intracellular 
accumulations in non-neoplastic cells are many, but 
most can be divided into three general types. 

1. A normal endogenous substance is produced at 
a normal or increased rate, but the rate of metabolism 
is inadequate to remove it. An example of this type of 
process is fatty change, one of the most common types 
of intracellular accumulations occurring in various forms 
of cell injury. 

2. A normal or abnormal endogenous substance 
accumulates since it cannot be metabolized. The most 
common cause of such failure of metabolism is lack of 
an enzyme that blocks a specific metabolic pathway, so 
that some particular metabolite cannot be used. Enzyme 
lack is due to a genetically determined inborn error of 
metabolism, and resulting diseases are referred to as 
storage diseases. Clinical entities result from the abnor- 
mal accumulations and are discussed more fully later (p. 
142). 

3. An abnormal exogenous substance is deposited 
and accumulates because the cell has neither the enzy- 
matic machinery to degrade the substance nor the ability 
to transport it to other sites. Accumulations of carbon 
particles, and such nonmetabolizable chemicals as silica 
particles are examples of this type of alteration. 

Whatever the nature and origin of the intracellular 
accumulation, it implies the storage of some product by 
individual cells. If overload is due to a systemic derange- 
ment and can be brought under control, the accumula- 
tion is reversible. In diabetes mellitus, for example, 
control of the hyperglycemia may mobilize the abnormal 
accumulations of glycogen that have collected. On the 
other hand, in genetic storage diseases, because the 
metabolic error is not correctable, accumulation is pro- 
gressive, and the cells may become so overloaded as to 
cause secondary injury, leading in some instances to 
death of the tissue and the patient. 


INTRACELLULAR ACCUMULATIONS OF LIPIDS 
Fatty Change 


Fatty change refers to any abnormal accumulation 
of fat within parenchymal cells. The term embraces the 
older terms fatty degeneration and fatty infiltration, 
which are misleading because neither a degenerative 
nor an infiltrative process is necessarily involved in the 


pathogenesis of the lipid accumulation. The more non- 
commital term fatty change embraces the different 
pathogenetic mechanisms that may lead to accumulation 
of neutral fat within cells. 

Although quite different pathogenetic mechanisms 
may underlie fatty change, several facts are agreed upon: 
(1) The appearance of fat vacuoles within cells, whether 
small or large, represents an absolute increase in intra- 
cellular lipids. It does not represent so-called unmasking 
of the normal fat content of cells. (2) The amount of 
contained fat is not dependent on the pathogenetic 
mechanism but rather reflects some imbalance in pro- 
duction, utilization, or mobilization of it. The injured 
cell is incapable of metabolizing or exporting even 
normal levels of lipids, while the normal cell may 
synthesize excessive quantities of fat when presented 
with excess substrate. (3) Fatty change is sometimes 
preceded by cellular swelling. (4) Although itself an 
indicator of nonlethal injury, fatty change is sometimes 
the harbinger of cell death and, in many situations, is 
encountered in cells adjacent to those that have died 
and undergone necrosis. Fatty change is often seen in 
the liver, since it is the major organ involved in fatty 
metabolism, but it may also occur in heart, muscle, 
kidney, and other organs. 


Pathogenesis of Fatty Liver 


An understanding of the mechanisms involved in 
lipid accumulation in the liver requires familiarity with 
normal fat metabolism, in which the liver plays a central 
role.*! °*? Under normal conditions, lipids are trans- 
ported to the liver from adipose tissue and from the 
diet. From adipose tissue, lipids are released and trans- 
ported in only one form—free fatty acids (FFA). Dietary 
lipids, on the other hand, are transported either as 
chylomicra (lipid particles consisting of triglyceride, 
phospholipid, and protein) or as free fatty acids (the 
latter being derived mainly from medium-chain triglyc- 
erides containing C, and C,, fatty acids). Free fatty acids 
enter the liver cell, and most are esterified to triglyc- 
erides. Some are converted to cholesterol, incorporated 
into phospholipids, or oxidized in mitochondria into 
ketone bodies. Some fatty acids are synthesized from 
acetate within the liver proper. 

In order to be secreted by the liver, intracellular 
triglyceride must be complexed with specific apoprotein 
molecules called “lipid acceptor proteins’ to form lip- 
oproteins (see also p. 513). The sequence, shown dia- 
grammatically in Figure 1-16, indicates that excess 
accumulation of triglycerides within the liver may result 
from the following six defects, sometimes acting in 
combination: (1) Excessive entry of free fatty acids into 
the liver. In starvation, for example, adipose tissue fats 
are mobilized, and more fatty acids are brought to the 
liver, where they are synthesized into triglycerides. 
Corticosteroids also produce lipid mobilization from 
adipose tissue. (2) Enhanced fatty acid synthesis. (3) 
Decreased fatty acid oxidation. Both (2) and (3) result 
in increased esterification of fatty acids to triglycerides. 
(4) Increased esterification of fatty acids to triglycerides, 
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Figure 1-16. Lipid metabolism in the liver cell. The numbers refer 
to possible sites of abnormalities leading to fatty liver, as indicated 
in the text. (Modified from Podolsky, D. K., and Isselbacher, K. L.: 
Derangements of hepatic metabolism. /n Harrison's Principles of 
Internal Medicine. New York, McGraw-Hill Book Co., 1983, p. 1778.) 


owing to an increase in alpha-glycerophosphate, the 
carbohydrate backbone involved in such esterification. 
This is thought to be one effect of alcohol poisoning. (5) 
Decreased apoprotein synthesis. As stressed earlier, this 
protein is necessary for the conversion of triglycerides 
to lipoproteins, the only form in which lipid is excreted 
from the liver. This mechanism has been well estab- 
lished as the cause of fatty accumulation produced by 
such toxins as carbon tetrachloride and phosphorus, and 
appears to be the reason for fatty liver in protein 
malnutrition. (6) Impaired lipoprotein secretion from 
the liver. This seems to be involved in an experimental 
model of fatty liver induced by the administration of 
orotic acid. 

It should be apparent that different types of distur- 
bances may affect the control of fat transport and me- 
tabolism, and that an individual etiologic agent may act 
at more than one locus within the complex process of 
fat metabolism. Alcohol, at least in industrialized coun- 
tries, is perhaps the most common cause of fatty liver. 
Alcohol is a hepatotoxin that alters mitochondrial and 
microsomal functions. Increased free fatty acid mobili- 
zation, diminished triglyceride utilization, decreased 
fatty acid oxidation, a block in lipoprotein excretion, as 
well as direct damage to the endoplasmic reticulum by 
free radicals produced by ethanol metabolism, have all 
been implicated, but the major factor remains to be 
determined.™ * 

The significance of fatty change depends on the 
cause and severity of accumulation. It may have no 
effect on cellular function when mild. More severe fatty 
change may impair cellular function, but unless some 
vital intracellular process is irreversibly impaired (such 
as in carbon tetrachloride poisoning), fatty change per 
se is reversible. The liver in the alcoholic, for example, 
may become enormously enlarged. Such extreme ac- 
cumulation of fat may indeed be associated with func- 
tional deficit and, by a complex process to be described 
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later (Chapter 19), may lead to a progressive form of 
fibrosis of the liver termed cirrhosis. However, in the 
alcoholic who has not yet developed cirrhosis and who 
wisely adopts an alcohol-free balanced diet, it is quite 
remarkable to observe the return of the enlarged fatty 
liver to normal size, structure, and function. As a severe 
form of injury, therefore, fatty change may be a harbin- 
ger of cell death, but it should be emphasized that cells, 
may die without undergoing fatty change. 


Fatty change is most often seen in the liver and heart, 
but it may occur in other organs. 

Liver. In the liver, mild fatty change may not affect the 
gross appearance. With progressive accumulation, the organ 
enlarges and becomes increasingly yellow until, in extreme 
instances, the liver may weigh 3 to 6 kg anc be transformed 
into a bright yellow, soft, greasy organ. Such an extreme is 
most commonly encountered in alcoholics. 

Fatty change begins with the development of minute, 
membrane-bounded inclusions (liposomes) closely applied 
to the endoplasmic reticulum and probably derived from it.®' 
It is first manifested under the light microscope by the 
appearance of small fat vacuoles in the cytoplasm around 
the nucleus. As the process progresses, the vacuoles coa- 
lesce to create cleared spaces that displace the nucleus to 
the periphery of the cell (Fig. 1-17). Occasionally, contig- 
uous cells rupture, and the enclosed fat globules coalesce 
to produce so-called fatty cysts. 

Heart. Lipid, as neutral fat, is quite frequently found in 
heart muscle in the form of small droplets. It occurs in two 
patterns. In one, prolonged moderate hypoxia, such as that 
produced by profound anemia, induces a “thrush breast” or 
“tigered” effect. Here the intracellular deposits of fat create 
grossly apparent bands of yellowed myocardium, alternating 
with bands of darker, red-brown, uninvolved myocardium. In 
the other pattern of fatty change, such as that produced by 
more profound hypoxia or some forms of myocarditis (e.g., 
diphtheritic), the myocardial cells are uniformly affected and 
the entire myocardium becomes flabby. Histologically, the 
fat in the myocardial cell tends to be distributed in minute 
cytoplasmic vacuoles that are readily missed on casual 
inspection of routine tissue stains. It is often necessary to 


Figure 1-17. High-power detail of marked fatty change of liver. The 
variability in size of vacuoles is evident. In some cells, the well- 
preserved nucleus is squeezed into the displaced rim of cytoplasm 
about the fat vacuole. 
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apply special fat stains to unmask this change. The mech- 
anism by which the diphtheria bacillus causes a fatty heart 
is apparently the production of an exotoxin that interferes 
with the metabolism of carnitine, a cofactor for the oxidation 
of long-chain fatty acids. 

In all organs, fatty change appears as clear vacuoles 
within parenchymal cells. Intracellular accumulations of 
water or polysaccharides (such as glycogen) may also 
‘produce clear vacuoles, and it becomes necessary to resort 
to special techniques to distinguish these three types of 
clear vacuoles. The identification of lipids requires the avoid- 
ance of fat solvents commonly employed in paraffin embed- 
ding for routine hematoxylin and eosin stains. To identify the 
fat, it is necessary to prepare frozen tissue sections on either 
fresh or aqueous formalin-fixed tissues. The sections may 
then be stained with Sudan IV or Oil Red-O, both of which 
impart an orange-red color to the contained lipids. The 
periodic acid—Schiff (PAS) reaction is commonly employed 
to identify glycogen, although it is by no means specific. 
When neither fat nor polysaccharide can be demonstrated 
within a clear vacuole, it is presumed to contain water or 
fluid with low protein content. 


Other Lipid Accumulations 


As detailed in the previous section, the overload of 


parenchymal liver cells by triglycerides is termed “fatty 
change. By quite different mechanisms, phagocytic 
cells may become overloaded with lipid (triglycerides 


and cholesterol). Scavenger macrophages, wherever in 
contact with the lipid debris of necrotic cells, may 
become stuffed with lipid because of their phagocytic 
activities. Macrophages at the margin of an inflammatory 
focus may become so filled with minute vacuoles of 
lipids as to impart a foaminess to their cytoplasm (foam 
cells). 

Intracellular accumulations of cholesterol and cho- 
lesterol esters are encountered in a variety of diseases. 
The most important disorder is atherosclerosis, in which 
smooth muscle cells and macrophages within the intimal 
layer of the aorta and large arteries are filled with lipid. 
Such cells appear foamy, and aggregates of them in the 
intima produce the cholesterol-laden atheromas char- 
acteristic of this serious disorder. Many of these fat- 
laden cells rupture, releasing the lipids into the ground 
substance of the intima. The mechanisms of lipid accu- 
mulation in these cells in atherosclerosis are discussed 
in Chapter 13. The extracellular cholesterol esters may 
crystallize in the shape of long needles, producing quite 
distinctive clefts in tissue sections. 

Intracellular accumulations of cholesterol and cho- 
lesterol esters within macrophages are also characteristic 
of acquired and hereditary hyperlipidemic states (p. 
515). Usually, these lesions are found in the subepithe- 
lial connective tissue of the skin and in tendons, pro- 
ducing tumorous masses known as xanthomas. 


Figure 1-18. Stromal fatty infiltration (fatty ingrowth) of the heart. Streaks of yellow fat extending 
through the myocardium are visible on cross section of the ventricular wall (arrow). Small, pale yellow 
deposits are also present subendocardially in the columnae carneae. 


Figure 1-19. Stromal fatty infiltration (fatty ingrowth) of the heart. A microscopic detail to demonstrate 
normal myocardial fibers separated by adult fat tissue. 


Stromal Infiltration of Fat or Fatty Ingrowth 


This is a form of accumulation of lipids that has a 
mechanism and connotation completely different from 
those of intracellular fatty accumulation. It is discussed 
at this time merely to differentiate it from the condition 
described as fatty change. Fatty ingrowth refers to the 
accumulation of lipids within stromal connective tissue 
cells. 


Fatty ingrowth is most commonly encountered in the 
heart and pancreas, where adult adipose cells appear within 
the connective tissue stroma. In the heart, the right ventricle 
is generally more severely affected than the left. Usually, 
there is an increase of subepicardial fat that extends in 
continuity as finger-like projections between the muscle 
bundles (Fig. 1-18). These insinuations may extend through- 
out the thickness of the myocardium to appear beneath the 
endocardium as small yellow deposits. The adult fat cells 
separate but do not damage the adjacent myocardial cells 
(Fig. 1-19). In the pancreas, the fat is found in the connective 
tissue septa of the pancreatic lobules (Fig. 1-20). The 
glandular tissue may become so dispersed as to be almost 
invisible on gross inspection. However, if one were to extract 
the fat from such a pancreas, the normal size, shape, and 
morphologic characteristics of the organ would be restored. 


As far as is known, stromal infiltration of fat rarely 
affects cardiac or pancreatic function. 


INTRACELLULAR ACCUMULATIONS OF 
PROTEIN 


Excesses of proteins within the cells sufficient to 
cause morphologically visible droplets occur principally 
in the renal epithelial cells of the proximal convoluted 
tubules and in plasma cells. The former example is seen 
in renal diseases associated with protein loss in the urine 
(proteinuria). If a protein leaks across the glomerular 
filter, it passes into the proximal tubule where it is 
reabsorbed by the epithelial cell through pinocytosis. 
Pinocytotic vesicles fuse with lysosomes to produce 
phagolysosomes, which appear as pink hyaline droplets 
within the cytoplasm of the tubular cell (Fig. 1-21). 
These aggregations do not impair cellular function. If 
the underlying cause for the proteinuria can be con- 
trolled, the protein excess is metabolized and the drop- 
lets disappear. 

Plasma cells engaged in active synthesis of immu- 
noglobulins may become overloaded with their synthetic 
product to produce large, homogeneous eosinophilic 
inclusions called Russell bodies. With an electron mi- 
croscope, such Russell bodies are localized within 
hugely distended cisternae of the endoplasmic reticu- 
lum, where protein synthesis occurs. 


INTRACELLULAR ACCUMULATIONS OF 
GLYCOGEN 


Excessive intracellular deposits of glycogen are seen 
in patients with an abnormality in either glucose or 
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Figure 1-20. Stromal fatty infiltration of pancreas (fatty ingrowth). 
Large fat cells separating normal acinar glands. 


glycogen metabolism. Whatever the clinical setting, the 
glycogen masses appear as clear vacuoles within the 
cytoplasm. Glycogen is best preserved in nonaqueous 
fixatives; for its localization, tissues are best fixed in 
absolute alcohol. Staining with Best’s carmine or the 
periodic acid—Schiff (PAS) reaction imparts a rose-to- 
violet color to the glycogen, and diastase digestion prior 
to staining will serve as a further control by hydrolyzing 
the glycogen. 

Diabetes mellitus is the prime example of a disorder 
of glucose metabolism. In this disease, glycogen is found 


Figure 1—21. Hyaline droplets in the renal tubular epithelium (arrow). 
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in the epithelial cells of the distal portions of the 
proximal convoluted tubules and sometimes in the de- 
scending loop of Henle, as well as within liver cells, 
beta cells of the islets of Langerhans, and heart muscle 
cells. The mechanisms involved in the renal change 
consist of hyperglycemia resulting from impaired insulin 
function, glycosuria as the blood glucose levels rise 
above the renal threshold, and tubular reabsorption of 
the abnormal quantities of glucose in the glomerular 
filtrate. The glucose is stored in the form of glycogen. 


The intracellular glycogen produces marked vacuoliza- 
tion of the cytoplasm to the point at which the cells appear 
to be entirely cleared (Fig. 1-22). For obscure reasons, 
glycogen deposition in hepatocytes appears by light micros- 
copy within nuclei, which thus become swollen and clear, 
giving the nucleus a ground-glass appearance (Fig. 1-23). 
Such glycogen accumulation is a reasonably common finding 
at autopsy in diabetic patients as well as in patients receiving 
intravenous glucose solutions, but it has no clinical or 
functional significance. 


Glycogen also accumulates within the cells in a 
group of closely related disorders, all genetic, collec- 
tively referred to as the glycogen storage diseases, or 
glycogenoses. In these disorders, either there is lack of 
one or several of the enzymes that metabolize normal 
glycogen, or some abnormal form of glycogen is synthe- 
sized and cannot be metabolized. In the various syn- 
dromes (discussed in Chapter 4), the intracellular ac- 
cumulations affect mainly myocardial muscle, skeletal 
muscle, and hepatic and renal cells. In all instances the 
glycogen appears as clear, intracytoplasmic vacuoles. 
These diseases represent instances in which massive 
stockpiling of substances within cells causes secondary 
injury and cell death.* 
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Figure 1-22. Glycogen vacuolation of the kidney. The epithelial 


cells of the affected tubules have distinct, well-preserved nuclei and 
sharp cell membranes. 


Figure 1-23. Glycogen accumulation in liver cell nuclei. The sharply 
defined circular nuclei are almost totally “cleared” by the glycogen 
(arrows). ; 


INTRACELLULAR ACCUMULATIONS OF 
COMPLEX LIPIDS AND CARBOHYDRATES 


In certain forms of storage diseases resulting from 
inborn errors of metabolism, abnormal complexes of 
carbohydrates and lipids accumulate that cannot be 
normally metabolized (p. 142). These substances collect 
within cells throughout the body, principally those in 
the.reticuloendothelial system. In Gaucher’s, Tay-Sachs, 
and Niemann-Pick diseases, the abnormal products are 
complex lipids, while in the mucopolysaccharidoses they 
are complex carbohydrates. In the glycolipidoses and 
mucolipidoses, other more unusual products are accu- 
mulated. The abnormal metabolites in all the storage 
diseases overflow into the blood and are phagocytized 
by reticuloendothelial cells, which thus become en- 
larged and develop an apparent foaminess to their 
cytoplasm, often producing massive splenomegaly and 
hepatomegaly. The accumulations may also appear in 
parenchymal cells in the heart, liver, and kidneys, and 
within ganglion cells of the brain and retina. The precise 
nature of the stored product rarely can be identified 
from morphologic examination and requires specific 
biochemical or enzymic analysis of affected tissues. 
These intracellular deposits may become extreme ‘and 
cause death not only of the cell but also of the patient. 


INTRACELLULAR ACCUMULATIONS OF 
PIGMENTS 


Pigments are colored substances, some of which 
are normal constituents of cells (e.g., melanin), while 
others are abnormal and collect in cells only under 
special circumstances.” The various pigments differ 
greatly in origin, chemical constitution, and biologic 


significance. Pigments in pathology are traditionally 
differentiated into exogenous pigments, coming from 
outside the body, and endogenous pigments, synthe- 
sized within the body itself. 

EXOGENOUS PIGMENTS. The most common exoge- 
nous pigment is carbon or coal dust, which is a virtually 
ubiquitous air pollutant of urban life. When inhaled, it 
is picked up by macrophages within the alveoli and is 
then transported through lymphatic channels to the 
regional lymph nodes in the tracheobronchial region. 
Accumulations of this pigment blacken the tissues of the 
lungs (anthracosis) and the involved lymph nodes (Fig. 
1-24). In general, anthracosis does not interfere with 
normal respiratory function nor does it predispose to 
infection. However, in coal miners and those living in 
heavily polluted environments, the aggregates of carbon 
dust may induce a fibroblastic reaction or even emphy- 
sema, and thus cause a serious lung disease known as 
“coal workers’ pneumoconiosis.” The vast amount of 
carbon in the lungs of city dwellers is a grim reminder 
of man’s devastation of his environment. 

Inhabitants living in iron-mining communities may 
develop a rustlike discoloration of the lungs (siderosis). 
This pigmentation itself is not associated with tissue 
damage, but in some areas the iron dust is accompanied 
by silica dust (siderosilicosis). The silicotic component 
causes the serious lung disease silicosis (p. 435). 

As is well known, tattooing is a form of localized 
pigmentation of the skin. The pigments inoculated are 
phagocytized by dermal macrophages in which they 
reside for the remainder of the life of the embellished. 


Figure 1-24. Focal black deposits of anthracotic pigmentation in 
the lung. 
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While the pigments do not evoke any inflammatory 
response, they have a distressing habit of persisting as 
a reminder of bygone follies. 

ENDOGENOUS PIGMENTS. Except for lipofuscin and 
melanin, all the endogenous pigments are derivatives 
of hemoglobin. 

Lipofuscin. Lipofuscin is an insoluble pigment, also 
known as lipochrome, ceroid, and “wear-and-tear’ or 
aging pigment. Its importance lies in its being the “tell- 
tale” sign of free radical injury and lipid peroxidation. 
The term is derived from the Latin (fuscus = brown), 
thus brown lipid. In tissue sections it appears as a 
yellow-brown, finely granular intracytoplasmic pigment. 
It is seen in cells undergoing slow, regressive changes 
such as in the atrophy accompanying advanced age and 
chronic injury, is particularly prominent in the liver and 
heart of aging patients or patients with severe malnu- 
trition, and is usually accompanied by organ shrinkage 
(brown atrophy). In the heart there is a linear increase 
in the amount of pigment with age. This amount may 
represent as much as 30% of the total solids of the heart 
muscle fiber by the time a person reaches 90 years of 
age. In hepatocytes it is not present in children but 
accumulates in great amounts in the elderly. In the 
brain the pigment is localized to specific regions, such 
as the ganglion cells of the hippocampus, and here again 
the amounts correlate with the age of the individual. 

Lipofuscin represents the indigestible residues of 
autophagic vacuoles (Fig. 1-25) formed during aging or 
atrophy. Because of the marked insolubility of lipofus- 
cin, chemical analysis has been unsatisfactory, but the 
pigment appears to be composed of polymers of lipids 
and phospholipids complexed with protein. This bio- 
chemical composition of lipofuscin suggests that it is 
derived through lipid peroxidation of polyunsaturated 
lipids of subcellular membranes and is consistent with 
the theory that free radical formation causes the pro- 
gressive deterioration of cell membranes in aging (see 
p. 37). The high rate of lipofuscin formation in relatively 
young people who die of conditions associated with 
inanition is presumed to result from the lack of dietary 
antioxidants that help prevent autooxidation.© With 
progressive polymerization, the lipofuscin loses its lipid 
characteristics, including its solubility in organic sol- 
vents and its staining with Sudan dyes. 

Lipofuscin itself is not injurious to the cell or to its 
function. Sometimes, for obscure reasons, pigment that 
is indistinguishable from lipofuscin undergoes chemical 
or physical transformation so that it becomes autoflu- 
orescent and stains positively with acid-fast stains, the 
stains used to identify acid-fast tubercle bacilli. To this 
variant the designation ceroid has been given, but it is 
not believed to be different from lipofuscin. Ceroid can 
be induced experimentally by deficiency of the antioxi- 
dant vitamin E, again suggesting that autooxidation by 
free radicals is involved in its formation. 

Melanin. Melanin (derived from the Greek word 
melas, meaning black) is an endogenous, non—hemoglo- 
bin-derived, brown-black pigment formed when the 
enzyme tyrosinase catalyzes the oxidation of tyrosine to 
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Figure 1-25. Lipofuseir Lipofuscin Srariules in : Hiyedardial fiber. A Lar magnification, showing 
perinuclear localization. B, Electron-dense bodies are composed of lipid-protein complexes. (Courtesy 


of Dr. Marcel W. Seiler, Boston, MA.) 


dihydroxyphenylalanine (DOPA) in melanocytes. It is 
the skin pigment, and its derivation is discussed in 
detail on page 1258. 

In addition to its function as the skin pigment, 
melanin is important clinically for several reasons. First, 
both benign and malignant tumors arising from melan- 
ocytes are common. The benign mole (pigmented nevus) 
and its malignant counterpart (the melanoma), an often 
lethal form of cancer, arise from melanocytes or closely 
related cells. They are usually pigmented and sometimes 
the accumulation of melanin imparts an intense black 


Figure 1-26. Black nodules representing metastatic deposits of 
malignant melanoma in the breast. 


coloration to these lesions (Fig. 1-26). Second, disorders 
of melanin pigmentation are frequent and important 
clues to disease in other organ systems. For example, 
hyperpigmentation occurs in Addison’s disease, a con- 
dition caused by adrenocortical insufficiency secondary 
to the destruction of adrenal cortex (p. 1235). Finally, 
local disturbances of pigmentation (hyper- or hypome- 
laninosis) are common features of many skin conditions; 
for example, hyperpigmentation commonly follows drug 
eruptions. 

For all practical purposes melanin is the only 
endogenous brown-black pigment. The only other is 
homogentisic acid, a black pigment that occurs in pa- 
tients with alkaptonuria, a rare metabolic disease. Here 
the pigment is deposited in the skin, connective tis- 
sue, and cartilage, and the pigmentation is known as 
“ochronosis (p. 142). 

Hemosiderin. Hemosiderin is a hemoglobin-de- 
rived, golden-yellow to brown granular or crystalline 
pigment in which form iron is stored in cells. Iron 
metabolism and the synthesis of ferritin and hemosiderin 
are considered in detail on page 636. Suffice it to say 
here that iron is normally carried by transport proteins, 
transferrins. In cells it is normally stored in association 
with a protein, apoferritin, to form ferritin micelles, 
which can be identified with the electron microscope as 
characteristic, closely packed dense particles (61 A in 
radius) arr anged in tetrads.” Ferritin is a constituent of 
many cell types under normal conditions. When there 
is a local or systemic excess of iron, ferritin forms 
hemosiderin granules, which are easily seen with the 
light microscope. Thus, hemosiderin pigment repre- 
sents aggregates of ferritin micelles (Fig. 1-27). Under 
normal conditions small amounts of hemosiderin can be 
seen in the mononuclear phagocytes of the bone mar- 
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Figure 1-27. Hemosiderin granules in human splenic sinusoidal 
lining cells. Ferritin micelles (open arrow) are concentrated within 
siderosomes. The osmiophilic (black) material present in some 
siderosomes (arrows) is probably lipid. A recently engulfed (undi- 
gested) red blood cell is present in the upper left hand corner. 
(x 28000.) (Courtesy of Marcel Seiler, M.D., Roxbury Veterans 
Administration Medical Center.) 


row, spleen, and liver, all actively engaged in red cell 
breakdown. 

In many pathologic states, excesses of iron cause 
hemosiderin to accumulate within cells, either as a 
localized process or as a systemic derangement. Under 
all circumstances the hemosiderin (having ferric ions in 
the ferritin micelles) can be visualized by such histo- 
chemical procedures as the Prussian blue reaction. In 
this reaction, which can be applied to both gross and 
histologic sections of tissue, colorless potassium ferro- 
cyanide reacts with the ferric ions to create an insoluble 
blue ferric ferrocyanide. This reaction helps to differ- 
entiate the golden pigmentation of hemosiderin from 
that produced by lipofuscin, and can exclude non-iron- 
containing melanin. 

Local excesses of iron and hemosiderin result from 
gross hemorrhages or the myriad minute hemorrhages 
that accompany severe vascular congestion. The best 
example of localized hemosiderosis is the common 
bruise. Following local hemorrhage, the area is at first 
red-blue. With lysis of the erythrocytes, the hemoglobin 
eventually undergoes transformation to hemosiderin. 
Macrophages take part in this process by phagocytizing 
the red cell debris, and then lysosomal enzymes even- 
tually convert the hemoglobin, through a sequence of 
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pigments, into hemosiderin. The play of colors through 
which the bruise passes reflects these transformations. 
The original red-blue color of hemoglobin is transformed 
to varying shades of green-blue, comprising the local 
formation of biliverdin (green bile), then bilirubin (red 
bile), and in addition the iron moiety of hemoglobin is 
deposited as golden-yellow hemosiderin. The chroni- 
cally congested lung in long-standing heart failure may 
become pigmented, owing to rupture of capillaries and 
phagocytosis of erythrocytes by alveolar macrophages. 

Whenever there are causes for systemic overload 
of iron, hemosiderin is deposited in many organs and 
tissues, a condition called hemosiderosis. It is seen with 
(1) increased absorption of dietary iron, (2) impaired 
utilization of iron, (3) hemolytic anemias, and (4) trans- 
fusions, since the transfused red cells constitute an 
exogenous load of iron. These conditions are discussed 
on page 924. 


The morphologic appearance of the pigment and its 
staining reactions are identical whatever the mechanism of 
its accumulation. It appears as a coarse, golden, granular 
pigment lying within the cell’s cytoplasm. When the basic 
cause is the localized breakdown of red cells, the pigmen- 
tation is found at first in the reticuloendothelial cells in the 
area. In systemic hemosideroses, it is found at first in the 
mononuclear phagocytes of the liver, bone marrow, spleen, 
and lymph nodes and in scattered macrophages throughout 
other organs such as the skin, pancreas, and kidneys. With 
progressive accumulation, parenchymal cells throughout the 
body (principally in the liver, pancreas, heart, and endocrine 
organs) become pigmented. 


In most instances of systemic hemosiderosis, the 
intracellular accumulations of pigment do not damage 
the parenchymal cells and so do not impair organ 
function. However, the more extreme accumulations of 
iron in a disease called hemochromatosis (p. 924) are 
associated with liver and pancreatic damage, resulting 
in liver fibrosis and diabetes mellitus. 

Hematin. Hematin is a hemoglobin-derived pigment 
whose precise composition is unknown. It is encoun- 
tered most commonly following a massive hemolytic 
crisis such as may occur with a transfusion reaction or 
in malaria, in which the parasite actively destroys red 
cells. The pigment is also golden-brown and granular 
and is virtually confined to mononuclear phagocytes. 
Because the iron is presumably bound into some organic 
complex with protein, it fails to give a positive reaction 
with the Prussian blue stain, although the iron is present 
in the ferric form. 

Bilirubin. Bilirubin is the normal major pigment 
found in bile. It is derived from hemoglobin but contains 
no iron. Its normal formation and excretion are vital to 
health, and jaundice is a common clinical disorder due 
to excesses of this pigment within cells and tissues. 
Bilirubin metabolism and jaundice are discussed in 
detail on page 887. 

Bilirubin pigment within cells and tissues is only 
morphologically visible when the patient is rather se- 
verely jaundiced for some period of time. Even though 
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this pigment is distributed throughout all tissues and 
fluids of the body, the accumulations are most evident 
in the liver and kidneys. In the liver, particularly with 
diseases caused by obstruction of the outflow of bile 
(such as cancers of the common bile duct or head of the 
pancreas), bilirubin is encountered within bile sinusoids, 
Kupffer cells, and hepatocytes. In all these sites, it 
appears as a mucoid, green-brown to black, amorphous, 
globular deposit. In advanced cases of such obstructive 
jaundice, the aggregates of pigment may be quite large, 
creating so-called bile lakes. These may cause necrosis 
of hepatocytes in the focal area. Bilirubin pigment is 
encountered in the renal tubular epithelial cells in 
various forms of jaundice. 


ALTERATIONS IN ORGANELLES AND 
CYTOSKELETON 


Certain conditions are associated with rather dis- 
tinctive alterations in cell organelles or cytoskeleton. 
Some of these alterations coexist with those described 
for acute lethal injury; others represent more chronic 
forms of cell injury, and others still are adaptive re- 
sponses that involve specific cellular organelles. Here 
we shall touch on only some of the more common or 
interesting of these reactions. 


LYSOSOMES: HETEROPHAGY AND 
AUTOPHAGY 


As should be well known, lysosomes are membrane- 
bound cytoplasmic bodies, 0.2 to 0.8 wp in diameter, 
which contain a variety of hydrolytic enzymes including 


Primary lysosome Primary lysosome 


Autophagic / 
vacuoles 


JPhagocytosis 
(endocytosis) 
Phagocytic 


vacuole 
(phagosome) 


Residual body 


Heterophagic 
phagolysosome 


Lipofuscin (secondary lysosome) 


pigment granule 


Residual body 
Exocytosis 


A 


acid phosphatase, glucuronidase, sulfatase, ribonu- 
clease, collagenase, and so on. These enzymes are 
synthesized in the rough endoplasmic reticulum and 
then packaged into vesicles in the Golgi apparatus (Fig. 
1-28). At this stage they are called primary lysosomes. 
The latter have different appearances in different cells; 
for example, in the liver they resemble other Golgi 
vesicles, while in the neutrophils they have the char- 
acteristic appearance of specific granules. Primary lyso- 
somes fuse with membrane-bound vacuoles that contain 
material to be digested (the latter called phagosomes), 
forming secondary lysosomes or phagolysosomes. 

Phagolysosomes originate in one of two ways: 

Heterophagocytosis refers to the uptake of materials 
from the external environment through the process of 
endocytosis. Uptake of particulate matter is known as 
phagocytosis, and that of soluble smaller macromole- 
cules as pinocytosis. Heterophagy is most common in 
the “professional” phagocytes, such as neutrophils and 
macrophages, but also occurs to a certain extent in many 
other cell types. Examples of heterophagocytosis include 
the uptake and digestion of bacteria by neutrophilic 
leukocytes, the removal of necrotic cells by macro- 
phages, and the reabsorption of protein that may filter 
across the renal glomerulus by the pinocytotic vesicles 
of the proximal convoluted tubules (heteropinocytosis). 

Autophagocytosis. In many instances, individual 
cell organelles, such as mitochondria or endoplasmic 
reticulum, suffer focal injury and must then be digested 
if the cell’s normal function is to be preserved. The 
lysosomes involved in such autodigestion are called 
autolysosomes and the process is called autophagy. 
Autophagy is particularly pronounced in cells undergo- 
ing atrophy. 
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Figure 1-28. A, Schematic representation of autophagy (left) and heterophagy (right). (Redrawn from 
Bloom, W., and Fawcett, D. W.: A Textbook of Histology. 10th ed. Philadelphia, W. B. Saunders Co., 
1975, p. 214.) B, Electron micrograph of an autolysosome containing a degenerating mitochondrion 


and amorphous material. (Courtesy of Dr. Fahimi.) 


Both heterophagy and autophagy are very common 
intracellular processes and will be repeatedly alluded to 
in subsequent discussions of specific pathologic condi- 
tions such as inflammation, atrophy, and others. The 
enzymes in the lysosomes are capable of breaking down 
most proteins and carbohydrates, but some lipids remain 
undigested. Lysosomes with undigested debris may 
persist within cells as residual bodies, or may be ex- 
truded. Lipofuscin pigment granules, discussed earlier, 
represent undigested material that results from intra- 
cellular lipid peroxidation. Certain indigestible pig- 
ments, such as carbon particles inhaled from the atmos- 
phere, or pigment inoculated in tattoos, can persist in 
phagolysosomes of macrophages for decades. 

Lysosomes are also waste baskets in which cells 
sequester abnormal substances, particularly those of 
macromolecular nature, when these cannot be ade- 
quately metabolized. For example, in some hereditary 
diseases known as lysosomal storage disorders, deficien- 
cies of certain enzymes that degrade mucopolysacchar- 
ides cause abnormal amounts of these compounds to be 
sequestered in the lysosomes. Such diseases are char- 
acterized by lysosomal deposits in cells all over the 
body, particularly in neurons, with often severe neuro- 
logic abnormalities. 


HYPERTROPHY (INDUCTION) OF SMOOTH 
ENDOPLASMIC RETICULUM 


This is an interesting adaptive response, first de- 
scribed by Jones and Fawcett” in hamster liver cells 
following administration of phenobarbital to these ani- 
mals (Fig. 1-29). It is known that protracted human use 
of this hypnotic agent leads to a state of increased 
tolerance, so that repeated identical doses lead to pro- 
gressively shorter time spans of sleep. The patients have 
thus “adapted” to the medication. The basis of this 
adaptation has been traced to induction of increased 
volume (hypertrophy) of the smooth endoplasmic retic- 
ulum (SER) of hepatocytes. Phenobarbital and other 
drugs are detoxified in the SER by the mixed-function 
oxidase electron transport pathway, the cytochrome P- 
450-centered drug metabolizing multienzyme complex. 
P-450 catalyzes the metabolism of a multitude of other 
exogenous compounds, including potentially carcino- 
genic hydrocarbons, steroids, and insecticides. It is 
noteworthy that cells adapted to one drug have in- 
creased capacity to detoxify other drugs handled by the 
system, or endogenous metabolic products, such as 
bilirubin and bile acids. This cross reactivity among 
drugs may be either harmful to or protective of the cell. 
For example, if CCl, is administered after phenobarbi- 
tal, there is increased conversion of CCl, to the highly 
toxic free radical CCl,*, thus allowing very small amounts 
of CCl], to become toxic. On the other hand, the adaptive 
response may be protective if detoxification of the 
second agent has a salutary effect. Advantage is taken 
of such a protective effect in clinical practice. Bilirubin 
conjugation to bilirubin diglucuronide in the liver is 
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Figure 1—29. Electron micrograph of liver from phenobarbital-treated 
rat showing marked increase in smooth ER. (From Jones, A. L., 
and Fawcett, D. W.: Hypertrophy of the agranular endoplasmic 
reticulum in hamster liver induced by phenobarbital. J. Histochem. 
Cytochem., 74:215, 1966. Copyright 1966, The Histochemical So- 
ciety. Courtesy of Dr. Fawcett.) 


catalyzed by glucurony] transferase, which is present in 
the smooth endoplasmic reticulum. In genetic diseases 
characterized by low transferase activity (e.g., Gilbert’s 
disease), treatment with phenobarbital will induce hy- 
perplasia of the SER, increased enzyme levels, and 
correction of the defect. Since bilirubin can be excreted 
only in the diglucuronide form, this will mitigate the 
increases in blood bilirubin (and the jaundice) charac- 
teristic of such diseases. 


MITOCHONDRIAL ALTERATIONS 


We have seen that mitochondrial dysfunction plays 
an important role in acute cell injury. In addition, 
however, various alterations in the number, size, and 
shape of mitochondria occur in some pathologic condi- 
tions. For example, in hypertrophy and atrophy there 
is an increase and decrease, respectively, in the number 
of mitochondria in cells. Mitochondria may assume an 
extremely large and abnormal shape (megamitochondria) 
(Fig. 1-30). These can be seen in the liver in alcoholic 
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Figure 1-30. Enlarged, abnormally-shaped mitochondria from liver 
of patient with alcoholic cirrhosis. Note also crystalline formations 
in mitochondria. (Courtesy of Dr. Marcel W. Seiler, Boston, MA.) 


liver disease and in certain nutritional deficiencies, in 
skeletal muscle fibers in some myopathies, and in other 
cells in which there is alteration in mitochondrial growth 
and replication. In addition, large and highly pleo- 
morphic mitochondria are seen commonly in tumor 
cells. 


ABNORMALITIES OF CYTOSKELETON AND 
MEMBRANE SKELETON 


Abnormalities of the cytoskeleton and membrane 
skeleton are emerging as important determinants of 
certain disease states, and these will be alluded to 
repeatedly throughout the book. The cytoskeleton con- 
sists of microtubules (20-25 nm in diameter), thin actin 
filaments (6-8 nm), thick myosin filaments (15 nm), and 
various classes of intermediate filaments (10 nm). ™ 
Several other nonpolymerized and nonfilamentous forms 
of contractile proteins also exist. Cytoskeletal abnor- 
malities may be reflected by defects in cell function, 
such as cell locomotion and intracellular organelle move- 
ments, or in some instances by intracellular accumula- 
tions of fibrillar material. Only a few examples will be 
cited. 

Functioning myofilaments and microtubules are 
essential for various stages of leukocyte migration and 
phagocytosis, and functional deficiencies of the cytoskel- 
eton appear to underlie certain defects in leukocyte 
movement toward an injurious stimulus (chemotaxis, p. 
51), or the ability of such cells to perform phagocytosis 
adequately. For example, a defect of microtubule po- 
lymerization in the Chédiak-Higashi syndrome® causes 
delayed or decreased fusion of lysosomes with phago- 
somes in leukocytes, and thus impairs phagocytosis (p. 
52). Cytochalasin B, a drug that inhibits microfilament 
function, also affects phagocytosis. Other drugs, such as 


colchicine, cause disruption of microtubules, thus block- 
ing mitosis in the metaphase by inhibiting spindle 
formation; morphologically, they cause aggregations of 
crystalline tubulin within the cytoplasm. Defects in the 
organization of microtubules in sperm inhibit sperm 
motility and cause male sterility, and a microtubule 
defect in the cilia of respiratory epithelium interferes 
with the ability of such epithelium to clear inhaled 
bacteria and predisposes to lung infections (the immotile 
cilia syndrome)® (p. 729). 

As shown in Table 1-3, intermediate filaments are 
constituents of a variety of cell types and can be distin- 
guished biochemically and immunochemically into ker- 
atin filaments, neurofilaments, glial filaments, vimentin, 
and desmin. Intermediate filaments are thought to me- 
chanically integrate the organelles within the cytoplasm. 
Two common histologic entities have recently been 
traced to accumulations of intermediate filaments. One 
is the Mallory body, or “alcoholic hyaline,” an eosino- 
philic intracytoplasmic inclusion in liver cells (Fig. 1l- 
31A), which is highly characteristic of alcoholic liver 
disease but whose nature until recently has been ob- 
scure.® Such inclusions are now known to be composed 
largely of intermediate filaments (Fig. 1-31B) of pre- 
dominantly prekeratin composition,’ suggesting that a 
cytoskeletal defect with loss of intracellular organization 
may be a mechanism of cell injury in alcoholic liver 
disease.*! Another is the neurofibrillary tangle found in 
the brains of patients with Alzheimer’s disease, an 
important cause of presenile dementia. These entities 
are now thought to represent cross-linked neuronal 
intermediate filaments, and it is believed that such 
cross-linking may interfere with the dynamics of neu- 
ronal cytoskeleton and the maintenance of axons and 
dendrites.” 

Finally, mention should be made of defects in the 
“membrane skeleton,’ a filamentous meshwork of pro- 
teins lining the inner membrane surface of certain cells, 
particularly erythrocytes."' These proteins consist of 
spectrin, actin, protein 4.1, and ankyrin (Fig. 1-32), 
and their interactions determine the structural stability 
of the cell membrane. It has recently been shown that 
membrane-skeletal flaws may account for some impor- 
tant red cell disorders (p. 616).’! For example, in some 


Table 1-3. CONTRACTILE AND CYTOSKELETAL FILAMENTS 


Mol. 
Diameter Weight 
(nm) (daltons) Distribution 
Actin 6-8 43 All cells 
Myosin 15 450 Most cells 
Tubulin (microtubules) 25 110 All cells 
Intermediate filaments 8-10 
Keratins 40-65 Epithelial cells 
Desmin 50 Muscle cells, 
fibroblasts 
Vimentin 52 All mesenchymal 
cells + 
epithelial cells 
Glial filaments 51 Glial cells 
Neurofilaments 68, 160, 210 Neurons 


Figure 1-31. A, The liver of alcohol abuse (chronic alcoholism). 
Hyaline inclusions in hepatic parenchymal cells appear as dark, 
irregular networks disposed about the nuclei. B, Electron micrograph 
of alcoholic hyaline. The material is composed of intermediate 
(prekeratin) filaments and an amorphous matrix. (Courtesy of Dr. 
Marcel W. Seiler, Boston, MA.) 


patients with hereditary spherocytosis, in which the red 
cells are spheroid rather than discoid (and more prone 
to fragmentation), the defect in red cell shape is caused 
by abnormal spectrin molecules that are incapable of 
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binding protein 4.1 and thus unable to maintain the 
stability of the red cell membrane” (Fig. 1-32). 
Undoubtedly the burgeoning field of “cytoskeletal 
pathology” will soon uncover many more instances in 
which abnormalities of the cytoskeleton or membrane 
skeleton contribute to the expression of disease. 


CELLULAR ADAPTATIONS 


Up to this point we have been discussing regressive 
alterations induced in cells by potentially lethal stimuli. 
However, cells may escape injury by adaptations to 
their environment, just as does the individual. Shivering 
is an adaptive response of the warm-blooded animal to 
low environmental temperatures. Unpleasant as the 
sensation may be, the increased muscular activity gen- 
erates internal heat to compensate for the loss from the 
surface of the body. The cells do not shiver, but their 
increased metabolic activity is the ultimate source of 
the heat. Insofar as the body temperature is supported, 
no injury results to either the entire organism or its 
cells. In the same way, insofar as a cell can adapt to an 
alteration in its environment, it can escape injury. 
Cellular adaptation, then, is a state that lies intermediate 
between the normal, unstressed cell and the injured, 
overstressed cell. 

The four most important adaptive changes in cells 
will be considered here. These include atrophy (de- 
crease in cell size), hypertrophy (increase in cell size), 
hyperplasia (increase in cell number), and metaplasia 
(change in cell type). 


ATROPHY 


Shrinkage in the size of the cell by loss of cell 
substance is known as atrophy. It represents a form of 
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Figure 1-32. One model of the red cell membrane skeleton. Spectrin, a high-molecular-weight, 
usually flexible molecule, fastens to ankyrin by means of protein 3, an integral membrane protein that 
spans the lipid bilayer. It establishes lateral connections within the skeleton meshwork, partly by 
binding to F-actin protofilaments, a binding enhanced by protein 4.1. In hereditary spherocytosis, 
spectrin lacks the ability to bind protein 4.1. (From Wolfe, L. C., et al.: A genetic defect in the binding 
of protein 4.1 to spectrin in a kindred with hereditary spherocytosis. N. Engl. J. Med. 307:1367, 1982. 
Reprinted by permission from The New England Journal of Medicine.) 
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Figure 1-33. A, Physiologic atrophy of the brain in an 82-year-old male. The meninges have been 
stripped. B, Normal brain of 36-year-old male. 


adaptive response. When a sufficient number of cells 
are involved, the entire tissue or organ diminishes in 
size, or becomes atrophic. 

The apparent causes of atrophy are (1) decreased 
workload, (2) loss of innervation, (3) diminished blood 
supply, (4) inadequate nutrition, and (5) loss of endo- 
crine stimulation. When a limb is immobilized in a 
plaster cast, or muscles become paralyzed from loss of 
innervation as in poliomyelitis, atrophy of cells ensues. 
In late adult life, the brain undergoes progressive atro- 
phy, presumably as arteriosclerosis narrows its blood 
supply (Fig. 1-33) and the gonads shrink with depletion 
of endocrine stimulation. Some of these stimuli are 
physiologic (e.g., the loss of endocrine stimulation fol- 
lowing the menopause), while others are clearly patho- 
logic (e.g., loss of nerves). However, the fundamental 
cellular change is identical in all, representing a retreat 
by the cell to a smaller size at which survival is still 
possible. By bringing into balance cell volume and lower 
levels of blood supply, nutrition, or trophic stimulation, 
a new equilibrium is achieved. Although atrophic cells 
may have diminished function, they are not dead. 

Atrophy represents a reduction in the structural 
components of the cell. The cell contains fewer mito- 
chondria and myofilaments, and less endoplasmic retic- 
ulum. The biochemical mechanisms of atrophy are not 
very well understood. It must be stressed that there is 
a finely regulated balance between protein synthesis 
and degradation in normal cells, and either decreased 
synthesis, increased catabolism, or both may cause 
atrophy.’* Hormones, particularly insulin, thyroid hor- 
mones, glucocorticoids, and prostaglandins influence 
such protein turnover. Thus, only slight increases of 
degradation over a long period of time may result in 
atrophy, as seems to occur in some muscle dystrophies. 


In many situations atrophy is also accompanied by 
marked increases in the number of autophagic vacuoles. 
As stated earlier, these are membrane-bound vacuoles 
within the cell that contain fragments of cell components 
(e.g., mitochondria, ER), which are destined for de- 
struction, and into which the lysosomes discharge their 
hydrolytic contents. The cellular components are then 
digested. Autophagy (‘self-eating”) is a mechanism by 
which injured organelles are isolated from unharmed 
organelles. The concentration of hydrolytic proteases 
within the cell increases in atrophy; however, these 
enzymes are not simply released into the cytoplasm, 
since this might lead to uncontrolled cellular destruc- 
tion. Rather, they are incorporated into autophagic 
vacuoles. The formation of autophagic vacuoles can be 
surprisingly rapid. For example, in experimental occlu- 
sion of the portal venous blood supply to the liver lobe, 
large numbers of autophagic vacuoles are formed within 
five to ten minutes after the blood supply is occluded. 

Some of the cell component debris contained with 
the autophagic vacuole may resist digestion, or be 
incompletely digested, and may persist as membrane- 
bound residual bodies. Some of these residual bodies 
may be extruded from the cytoplasm, or may eventually 
be digested. However, in some instances the residual 
body persists as a sarcophagus in the cytoplasm. An 
example of such residual bodies is the lipofuscin gran- 
ules, discussed earlier (p. 23). When present in sufficient 
amounts, they impart a brown discoloration to the tissue 
(brown atrophy). 

Obviously, atrophy may progress to the point at 
which cells are injured and die. If the blood supply is 
inadequate even to maintain the life of shrunken cells, 
injury and cell death may supervene. The atrophic cells 
are then replaced by connective and adipose tissue. The 


replacement with adipose tissue gives rise to so-called 
stromal fatty infiltration of tissues (p. 21). 


HYPERTROPHY 


Hypertrophy refers to an increase in the size of 
cells and, with such change, an increase in the size of 
the organ. Thus, the hypertrophied organ has no new 
cells, just larger cells. The increased size of cells is due 
not to an increased intake of fluid, called cellular swell- 
ing or edema, but to the synthesis of more structural 
components. 

Hypertrophy can be caused by increased functional 
demand or by specific hormonal stimulation, and may 
occur under both physiologic and pathologic conditions. 
The physiologic growth of the uterus during pregnancy 
involves both hypertrophy and hyperplasia. The cellular 
hypertrophy is stimulated by estrogenic hormones 
through smooth muscle estrogen receptors, which allow 
for interactions of the hormones with nuclear DNA, 
eventually resulting in increased synthesis of smooth 
muscle proteins and increase in cell size. This is then 
physiologic hypertrophy effected by hormonal stimula- 
tion. Hypertrophy as an adaptive response was cited 
earlier in the discussion of muscular enlargement. The 
striated muscle cells in both the heart and skeletal 
muscle are most capable of hypertrophy, perhaps be- 
cause they cannot adapt to increased metabolic demands 
by mitotic division and the formation of more cells to 
share the work. 

The environmental change that produces hypertro- 
phy of striated muscle appears principally to be in- 
creased workload, implying an increase in metaboli¢ 
activity. There is synthesis of more membranes, more 
enzymes, more ATP, and more filaments capable of 
achieving an equilibrium between the demand and the 
cell’s functional capacity. The greater number of myofil- 
aments means an increased workload but with a level 
of metabolic activity per unit volume of cell not different 


Figure 1-34. Cross section of a heart with marked left 
ventricular hypertrophy. The left ventricular wall is over 
2 cm in thickness (normal = 1—1.5 cm). On the right 
side of the interventricular septum, the mottled, dark 
area is a focus of fresh ischemic necrosis (myocardial 
infarct). 
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from that borne by the normal myofilament. Thus, the 
draft horse readily pulls the load that would break the 
back of a pony. 

Perhaps the best example of adaptive hypertrophy 
occurs in the heart in a variety of cardiovascular diseases 
that place increased burdens on the myocardium (Fig. 
1-34). In patients with hypertension (high blood pres- 
sure), the heart, which must contract against increased 
pressures in the aorta, hypertrophies and may achieve 
weights of 700 to 800 gm instead of the normal weight 
of 350 gm. Similar cardiac hypertrophy occurs secondary 
to diseased cardiac valves. When valves are damaged, 
there is incomplete emptying of the cardiac chambers 
and stretching of the cardiac muscle fibers. The precise 
signal for hypertrophy under these conditions is un- 
known. ATP depletion, stretching of muscle fibers, 
activation by cell degradation products, and hormonal 
factors (e.g., thyroid hormones) have all been impli- 
cated.” Whatever: the mechanism, there follows in- 
creased RNA synthesis, an increased protein synthesis, 
and the formation of a greater number of all organelles, 
including mitochondria, sarcoplasmic reticulum, and 
especially myofibrils. 

Although muscular hypertrophy can be most simply 
seen as the result of increased synthesis of protein, 
recent studies have suggested that there is in addition 
a decrease in protein degradation, with a normal or 
slightly increased amount of protein synthesis. Intracel- 
lular enzymes, including proteases, are responsible for 
such protein degradation, and thus any alterations in 
these intracellular enzymes may affect cellular protein 
mass. Whatever the exact mechanism of hypertrophy, 
however, it eventually reaches a limit beyond which 
enlargement of muscle mass is no longer able to com- 
pensate for the increased burden, and cardiac failure 
ensues. At this stage, a number of “degenerative” 
changes occur in the myocardial fibers, of which the 
most important are lysis and loss of myofibrillar con- 
tractile elements. The limiting factors for continued 
hypertrophy and the causes of regressive changes are 
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incompletely understood; they may be due to limitation 
of the vascular supply to the enlarged fibers, diminished 
oxidative capabilities of mitochondria or to alterations 
in protein synthesis and degradation. 


HYPERPLASIA 


Just as enlargement of cells, hypertrophy, repre- 
sents a response to increased functional demand, cells 
capable of mitotic division may divide when stressed or 
stimulated to increased activity. Hyperplasia therefore 
constitutes an increase in the number of cells in an 
organ or tissue, which may then have increased volume. 
Hypertrophy and hyperplasia are closely related and 
often develop concurrently. Both hypertrophy and hy- 
perplasia take place if the cellular population is capable 
of synthesizing DNA, thus permitting mitotic division. 

It should be emphasized initially that not all adult 
cell types have the same capacity for hyperplastic 
growth. Although skin epidermis, intestinal epithelium, 
hepatocytes, fibroblasts, and bone marrow cells can 
undergo profound hyperplasia, nerve cells and, for all 
practical purposes, cardiac and skeletal muscle cells 
have no capacity for hyperplastic growth. Intermediate 
among these are such tissues as bone, cartilage, and 
smooth muscle. The determinants of cell growth control 
are discussed more fully on page 75. 

Hyperplasia traditionally has been divided into 
physiologic and pathologic hyperplasia. 

PHYSIOLOGIC HYPERPLASIA. The two most common 
types of physiologic hyperplasia are (1) hormonal hyper- 
plasia, best exemplified by the enlargement of the 
glandular epithelium of the female breast at puberty 
and during pregnancy, and the physiologic hyperplasia 
that occurs in the pregnant uterus; and (2) compensatory 
hyperplasia, e.g., the hyperplasia that occurs when a 
portion of the liver is removed (partial hepatectomy). 
The ancient Greeks knew of the capacity of the liver to 
regenerate. According to the myth, Prometheus was 
chained to a mountain, and his liver was daily devoured 
by a vulture only to regenerate anew every night.” In 
fact, the mitotic activity of hepatocytes increases after 
partial hepatectomy, eventually restoring the liver to 
normal weight. At this time (usually 12 days after partial 
hepatectomy in the rat), further growth stops. This is 
therefore a regulated form of hyperplasia that results in 
regeneration of the liver without appreciable increase 
in size or abnormal function. A similar sequence occurs 
in the epidermis following skin abrasion. If the super- 
ficial skin layers are removed, cells of the basal layer 
undergo increased mitosis that results in regeneration 
of the superficial layers and restoration of the original 
skin. 

The model of partial hepatectomy has been espe- 
cially useful in following the sequence of events in 
compensatory hyperplasia.” In the normal mature liver, 
only 0.5 to 1.0% of cells are dividing at any one time, 
as can be proved autoradiographically by injecting tri- 
tiated thymidine into the experimental animal. An in- 
crease in the number of DNA-synthesizing cells begins 
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Figure 1-35. One-hour incorporation of *H-thymidine into hepatic 
DNA in 200-gm male Sprague Dawley rats at intervals after partial 
hepatectomy. Vertical lines indicate the standard error of the mean, 
numbers the number of rats per point. (From Bucher, N. L. R., and 
McGowan, J. A.: Regulatory mechanisms. /n Wright, R., Albert, K. 
G. M. M., Karran, S., and Millward-Sadler, G. H. (eds.): Liver and 
Bilary Disease. Philadelphia, W. B. Saunders Co., 1979, pp. 210- 
227.) 


as early as 12 hours after hepatectomy and peaks be- 
tween one and two days, at which time about 10% of 
all cells may be involved in DNA synthesis (Fig. 1-35). 
Regeneration is complete by two weeks. 

The ultimate mechanism that triggers this form of 
physiologic hyperplasia is not well understood. Although 
a number of factors may modify this response (age, sex, 
nutrition, etc.), there is substantial evidence that cir- 
culating humoral regulatory substances stimulate or 
potentiate cell growth after partial hepatectomy. The 
evidence can be summarized as follows: (a) the liver 
in normal rats can be induced to synthesize DNA after 
blood transfusions from partially hepatectomized rats, 
(b) cross-circulation experiments using parabiotic rats 
(pairs of animals whose circulations are connected sur- 
gically) show that DNA synthesis is initiated in the 
intact liver of the unoperated animal after partial hepa- 
tectomy in the other member of the pair, (c) subcuta- 
neous grafts of liver can be induced to synthesize DNA 
after partial hepatectomy of the host, and (d) primary 
cultures of differentiated liver cells respond to serum 
from partially hepatectomized rats by increasing their 
uptake of tritiated thymidine. The precise growth factors 
responsible for hepatic regeneration are unclear, but 
insulin, epidermal growth factor, and possibly glucagon 
appear to be involved. Alternatively, regeneration may 
be due to loss of inhibitory substances that in normal 
liver serve to maintain a low mitotic rate. Such sub- 
stances, termed “chalones,’” have been postulated to 
control growth of epidermis, bone marrow cells, and 
other tissues, but thus far a “hepatic” chalone has not 
been identified (see also p. 76). 

PATHOLOGIC HYPERPLASIA. Most forms of patho- 
logic hyperplasia present instances of excessive hor- 
monal stimulation of target cells. One of the most 
common examples is adenomatous hyperplasia of the 


endometrium. Following every normal menstrual pe- 
riod, there is a rapid burst of proliferative activity, 
which might be considered as reparative proliferation 
or physiologic hyperplasia in the endometrium. As is 
well known, this proliferation is potentiated by pituitary 
hormones and ovarian estrogen. It is brought to a halt 
by the rising levels of progesterone occurring usually 
about 10 to 14 days before the anticipated menstrual 
period. In some instances, however, the balance be- 
tween estrogen and progesterone is disturbed. This 
results in absolute and/or relative increases in the 
amount of estrogen, with consequent hyperplasia of the 
endometrial glands. Although this form of hyperplasia 
is a common cause of abnormal menstrual bleeding, the 
hyperplastic process remains controlled nonetheless: if 
the estrogenic stimulation abates, the hyperplasia dis- 
appears. Thus, it responds to regular growth control of 
cells. As will be discussed in the chapter on neoplasia 
(p. 230), it is this response to normal regulatory control 
mechanisms that differentiates benign pathologic hyper- 
plasias from cancer. However, it should be stressed 
here that pathologic hyperplasia constitutes a fertile soil 
in which cancerous proliferation may eventually arise. 
Thus, patients with adenomatous hyperplasia of the 
endometrium are at increased risk of developing endom- 
etrial cancer (see p. 1134). 

To summarize, hyperplasia (either physiologic or 
pathologic) is induced by known stimuli. It is a con- 
trolled process inasmuch as it stops when the stimulus 
has ceased. It can, however, repair a defect or recon- 
stitute an organ, and it may serve a useful purpose, 
such as preparing breast tissue for lactation or compen- 
sating for tissue destroyed by disease. Neoplasia obeys 
none of these rules and serves none of these purposes. 
It is to be remembered, however, that in a small but 
real number of instances it appears that the mitotic and 
metabolic activities that result in hyperplasia provide a 
subsoil for carcinogenic influences. However, although 
there are a number of proposed cell cycle models to 
account for the differences between hyperplasia and 
neoplasia,*° none of these is proven. 

Although hypertrophy and hyperplasia are, by def- 
inition, two distinct processes, it is clear that in many 
instances both occur together and, further, are triggered 
by the same mechanism. Estrogen-induced growth in 
the uterus is the classic example. Uterine epithelium 
and smooth muscle undergo both increased DNA syn- 
thesis and enlargement of cells. In fact, there is probably 
more hypertrophy than hyperplasia in this condition. 
Both processes are initiated by binding of estrogen to a 
receptor complex in the cytoplasm of target cells.*! Even 
in nondividing cells that undergo only hypertrophy (such 
as myocardial fibers), events occur that result in an 
increase in or derepression of DNA synthesis; the nuclei 
thus have a much higher DNA content than normal 
myocardial cells. In fact, a large percentage of cells from 
severely hypertrophied hearts are polyploid, and large, 
bizarre nuclei are seen in hypertrophied myocardial 
fibers. A likely explanation for such polyploidy is that 
the cells arrest in the G, phase of the cell cycle without 
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undergoing mitosis.” Baserga suggests that hypertrophy 
and hyperplasia may to a large extent share common 
biochemical events, at least until the completion of 
DNA synthesis.” The events that cause a particular cell 
to block in G, and undergo hypertrophy, or go through 
the full cycle and divide, are under investigation. 


METAPLASIA 


Metaplasia is a reversible change in which one 
adult cell type (epithelial or mesenchymal) is replaced 
by another adult cell type. It, too, may represent an 
adaptive substitution of cells more sensitive to stress by 
other cell types better able to withstand the adverse 
environment. Such adaptive metaplasia is best seen in 
the squamous metaplasia that occurs in the respiratory 
tract in response to chronic irritation. In the habitual 
cigarette smoker, the normal columnar ciliated epithelial 
cells of the trachea and bronchi are often replaced focally 
or widely by stratified squamous epithelial cells. Similar 
changes may be encountered in chronic infections of 
the bronchi and bronchioles. Stones in the excretory 
ducts of the salivary glands, pancreas, or bile ducts may 
cause replacement of the normal secretory columnar 
epithelium by nonfunctioning stratified squamous epi- 
thelium (Fig. 1-36). For less clear reasons, a deficiency 
of vitamin A induces squamous metaplasia in the res- 
piratory epithelium. In all these instances, the more 
rugged stratified squamous epithelium is able to survive 
under circumstances in which the more fragile special- 
ized epithelium most likely would have succumbed. 

Metaplastic cells probably arise from abnormal dif- 
ferentiation of undifferentiated stem cells, but there is 
some evidence of metaplasia also arising from division 
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Figure 1—36. Metaplastic transformation of adult columnar epithelial 
cells to adult stratified squamous cells in pancreatic ducts. 
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of preexisting differentiated cells.** Although the squa- 
mous metaplastic cells in the respiratory tract, for 
example, are capable of surviving, an important protec- 
tive mechanism—mucus secretion—is lost. Thus, epi- 
thelial metaplasia is a two-edged sword and, in most 
circumstances, represents an undesirable change. More- 
over, the influences that predispose to such met- 
aplasia, if persistent, may induce cancerous transfor- 
mation in the metaplastic epithelium. Thus, the common 
form of cancer in the respiratory tract is composed of 
squamous cells. 

Metaplasia may also occur in mesenchymal cells 
but less clearly as an adaptive response. Fibroblasts 
may become transformed to osteoblasts or chondroblasts 
to produce bone or cartilage where it is normally not 
encountered. For example, bone is occasionally formed 
in soft tissues, particularly in foci of injury. This process 
represents a form of “divergent differentiation.’ Similar 
abnormal differentiation is sometimes encountered in 
tumors in which genetic coding, apparently repressed 
in the normal cells from which the tumor derived, 
becomes expressed when the cells lose certain of their 
controls and become tumorigenic. 


DYSPLASIA 


Dysplasia is an alteration in adult cells characterized 
by variation in their size, shape, and organization. It is 


a controversial term in pathology, used both loosely and 
commonly. Strictly speaking, dysplasia means deranged 
development; however, in common medical usage it is 
applied to either epithelial or mesenchymal cells, prin- 
cipally the former, that have undergone somewhat ir- 
regular, atypical proliferative changes in response to 
chronic irritation or inflammation. It is not an adaptive 
process but is considered here because it is closely 
related to hyperplasia; indeed, it is sometimes called 
atypical hyperplasia. 

Epithelial dysplasia presents as a loss of normal 
orientation of one epithelial cell to the other, accom- 
panied by alterations in cellular size and shape, nuclear 
size and shape, and staining characteristics. It is most 
commonly encountered in the uterine cervix but often 
affects other epithelia. The dysplastic stratified squa- 
mous epithelium is thickened by hyperplasia of basal 
cells, accompanied by disordered maturation of the cells 
as they proceed to the surface layers. Mitotic figures 
are found only in the basal layer in normal cervical 
mucosa but, in dysplastic cervical epithelium, they may 
be found in the mid levels or even toward the surface. 
The increased proliferative activity produces greater 
amounts of DNA and more intense basophilia of the 
nuclei (Fig. 1-37). Although mitoses are increased in 
number, they are not usually abnormal, such as is 
characteristic of cancer. 

Dysplastic changes also are frequently encountered 


Figure 1-37. A, Normal stratified squamous epithelium. B, Dysplastic stratified squamous epithelium. 
The basal cells are hyperplastic and form a zone many cells thick. The dysplastic cells are deeply 
chromatic and disorganized. 


in the metaplastic squamous epithelium of the respira- 
tory tract in habitual cigarette smokers. In both the 
cervix and the respiratory tract, such dysplasia is 
strongly implicated in the causation of cancer. Dysplas- 
tic changes are often found adjacent to foci of cancerous 
transformation and, in long-term studies of cigarette 
smokers, epithelial dysplasia almost invariably precedes 
in time the appearance of cancer. However, from many 
clinical studies, it is known that dysplasia does not 
necessarily progress to cancer. The changes may be 
reversible and, with removal of the inciting causes, the 
epithelium may revert to normal. 


SUNDRY ALTERATIONS 
CALCIFICATION 


Pathologic calcification implies the abnormal dep- 
osition of calcium salts, together with smaller amounts 
of iron, magnesium, and other mineral salts. It is a 
common process occurring in a variety of pathologic 
conditions. When the deposition occurs in dead or dying 
tissues, it is known as dystrophic calcification; it may 
occur despite normal serum levels of calcium and in the 
absence of derangements in calcium metabolism. In 
contrast, the deposition of calcium salts in vital tissues 
is known as metastatic calcification, and it almost always 
reflects some derangement in calcium metabolism, lead- 
ing to hypercalcemia. 

DYSTROPHIC CALCIFICATION. This alteration is en- 
countered in areas of coagulation, caseous and liquefac- 
tive necrosis, and also in foci of enzymic necrosis of fat 
whenever the necrotic tissue persists for long period of 
time. Thus, calcification is frequently seen in chronic 
tuberculosis of the lungs or lymph nodes. It also com- 
monly develops in damaged heart valves, further ham- 
pering their function (Fig. 1-38). Calcification is almost 
inevitable in the atheromas of advanced atherosclerosis, 
which, as will be seen, are focal intimal injuries in the 
aorta and larger arteries characterized by the accumu- 
lation of lipids (p. 506). Whatever the site of deposition, 
the calcium salts appear macroscopically as fine, white 
granules or clumps, often felt as gritty deposits. Some- 
times, a tuberculous lymph node is virtually converted 
to stone. 

Histologically, with the usual H and E stain, the 
calcium salts have a basophilic, amorphous granular, 
sometimes clumped appearance. They can be intracel- 
lular, extracellular, or in both locations. In the course 
of time, heterotopic bone may be formed in the focus 
of calcification. On occasion, single necrotic cells may 
constitute seed crystals that become encrusted by the 
mineral deposits. The progressive acquisition of outer 
layers may create lamellated configurations called psam- 
moma bodies because of their resemblance to grains of 
sand. Some types of papillary cancers (e.g., thyroid) are 
apt to develop psammoma bodies. Strange concretions 
emerge when calcium iron salts gather about long 
slender spicules of asbestos in the lung, creating exotic, 


beaded dumbbell forms. 
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Figure 1-38. Massive calcific nodules in the sinuses of the cusps 
of the aortic valve—dystrophic calcification of a previously injured 
tissue. (View is looking down on cusps from aortic side.) ; 


The pathogenesis of dystrophic calcification is be- 
ginning to be unraveled.** * The final common pathway 
is the formation of crystalline calcium phosphate mineral 
in the form of hydroxyapatite (a compound with 10 
calcium atoms, 6 phosphate, and 2 hydroxyl groups). 
The process has two major phases: initiation and prop- 
agation. Initiation in extracellular sites occurs in mem- 
brane-bound vesicles, about 200 nm in diameter; in 
cartilage and bone they are known as matrix vesicles, 
and in pathologic calcification they seem to be derived 
from degenerating or aging cells. It is thought that 
calcium is concentrated in these vesicles by its affinity 
to acidic phospholipids, and phosphates accumulate as 
a result of the action of membrane-bound phosphatases. 
Initiation of intracellular calcification occurs in the 
mitochondria of dead or dying cells that accumulate 
calcium, as described earlier. After mineral initiation in 
either location, propagation of crystal formation occurs, 
dependent on the concentration of Ca** and PO, in the 
extracellular spaces, the presence of mineral inhibitors, 
and the presence of collagen. The latter appears to 
increase the rate of crystal proliferation. 

Although dystrophic calcification may be simply a 
“telltale” sign of previous cell injury, it is often a cause 
of organ dysfunction. Such is the case in calcific valvular 
disease and arteriosclerosis, as will become clear in 
further discussion of these diseases. 

METASTATIC CALCIFICATION. This alteration may oc- 
cur in normal tissues whenever there is hypercalcemia. 
Hypercalcemia also accentuates dystrophic calcification. 
The causes of hypercalcemia include hyperparathyroid- 
ism, vitamin D intoxication, systemic sarcoidosis, milk- 
alkali syndrome, hyperthyroidism, idiopathic hypercal- 
cemia of infancy, Addison’s disease (adrenocortical in- 
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Figure 1-39. Irregular, dark, calcific precipitates within the walls of 
the pulmonary alveolar septa in a patient with hyperparathyroidism. 


sufficiency), increased bone catabolism associated with 
disseminated bone tumors (such as multiple myeloma 
and metastatic cancer) and leukemia, and decreased 
bone formation as occurs in immobilization. Hypercal- 
cemia also arises in some instances of advanced renal 
failure with phosphate retention, leading to secondary 
hyperparathyroidism. 

Metastatic calcification may occur widely through- 
out the body but principally affects the interstitial tissues 
of the blood vessels, kidneys, lungs, and gastric mucosa 
(Fig. 1-39). In all these sites, the calcium salts mor- 
phologically resemble those described in dystrophic 
calcification. Thus, they may occur as noncrystalline 
amorphous deposits or, at other times, as hydroxyapatite 
crystals. Metastatic calcification appears to begin also in 
mitochondria, except in kidney tubules where it devel- 
ops in the basement membranes, probably in relation 
to extracellular vesicles budding from the epithelial 
cells. 

In general, the mineral salts cause no clinical 
dysfunction but, on occasion, massive involvement of 
the lungs produces remarkable x-ray films and respira- 
tory deficits. Massive deposits in the kidney (nephro- 
calcinosis) may in time cause renal damage. 


HYALINE CHANGE 


The term hyaline is a widely used descriptive 
histologic term rather than a specific marker for cell 
injury. Hyaline refers to any alteration within cells or 
in the extracellular space, which gives a homogeneous, 
glassy, pink appearance in routine histologic sections 


stained with H and E. It may then represent an intra- 
cellular accumulation or be the consequence of extra- 
cellular deposits. This tinctorial change is produced by 
a variety of alterations and does not represent a specific 
pattern of accumulation. Thus, it is important, when 
describing hyaline change, to be cognizant of the pos- 
sible mechanisms of its formation. In some instances 
the mechanism is clearly known; in others it is obscure. 

Some examples of intracellular hyaline change are 
the following: (1) The hyaline droplets seen in the 
proximal tubular epithelial cells of the kidney have 
already been referred to (p. 21). In most instances they 
represent reabsorption of excessive amounts of protein 
that have leaked across the glomerular filter. (2) In 
plasma cells, spherical hyaline deposits represent aggre- 
gates of immunoglobulin synthesized in the rough en- 
doplasmic reticulum of the cell, so called Russell bodies. 
(3) Many viral infections are associated with the appear- 
ance of hyaline inclusions within either the cytoplasm 
or the nucleus. In some instances these are accumula- 
tions of viral nucleoproteins. (4) As described earlier, 
the characteristic hyaline inclusions in the liver cells of 
alcoholics, “alcoholic hyaline,” consist of aggregates of 
prekeratin intermediate filaments. 

Extracellular hyaline has been somewhat more 
difficult to analyze. Collagenous fibrous tissue in old 
scars may appear hyalinized, but the physicochemical 
mechanism underlying this change is not clear. In long- 
standing hypertension and diabetes mellitus the walls 
of arterioles, especially in the kidney, become hyalin- 
ized. As we shall see (p. 518), such hyaline arteriolo- 
sclerosis in renal vessels has important diagnostic and 
pathogenetic implications. It appears that much of the 
hyaline is composed of precipitated plasma proteins that 
have leaked across injured endothelium into the arte- 
riolar wall. There is also some reduplication of the 
basement membrane of the arterioles. Another example 
of extracellular hyaline is the hyalinization of glomeruli 
of the kidney when these undergo chronic damage. 
Here the hyaline appears to be a conglomeration of 
plasma proteins, basement membrane material, and 
mesangial matrix (p. 993). With H and E stains, the 
protein amyloid (p. 196) also has a hyaline appearance. 
But this is a very specific fibrillar protein, with a 
characteristic biochemical composition. Amyloid can be 
clearly identified by its special staining characteristics 
with the Congo red stain, with which it appears red and 
shows bipolar refringence. 

Thus, although one continues to use the convenient 
term hyaline, it is important to recognize the multitude 
of mechanisms that produce this change and the impli- 
cations of the alteration when it is seen in different 
pathologic conditions. 


CELLULAR AGING 


The process of aging or senescence in the organism 
involves complex interactions of genetic, metabolic, 
hormonal, immunologic, and structural influences at the 


level of organs, tissues, and cells. Here we shall] discuss 
cellular aging because it could represent the progressive 
accumulation, over the years, of alterations in structure 
and function that may lead to cell death or at least to a 
diminished capacity of the cell to respond to injury. The 
pursuit of immortality has preoccupied man since the 
beginning of time. Yet, although life expectancy has 
increased in the past century, such achievements as 
have been made simply allow more people to reach the 
limit of what appears to be a fixed life span. If the three 
leading causes of death in the United States—heart 
disease, stroke, and cancer—were completely elimi- 
nated, only 10 to 20 years of additional life could be 
expected.® 

The aging of a person can be regarded as the 
composite effect of aging of cells. But why and how do 
cells age? We have no answer to these questions, and 
controversies abound among experts. It is useful, at 
least as a working concept, to think of two events that 
lead to cell senescence.® The first (and more controver- 
sial) is the existence of a built-in genetic program that 
limits the replicative life span of various normal somatic 
cells (clonal senescence). The second event is the occur- 
rence of alterations in cells no longer capable of mitotic 
replication, and hence no longer capable of compensat- 
ing (by increasing the numbers of progeny) for deficien- 
cies in cell numbers, structure, or function. This is 
called postreplicative senescence and could be the con- 
sequence of repeated cell injury. 

The notion that each cell type has a limited, ge- 
netically determined replicative life span has come from 
tissue culture studies, principally those of Hayflick.® 
He showed that human diploid fibroblast-like cells in 
culture regularly achieve only 50+ 10 doublings, after 
which they undergo senescence and then death of the 
whole population. (This is in contrast to transformed 
malignant cells, which replicate indefinitely.) This phe- 
nomenon was not related to restrictions imposed by the 
culture conditions. 

Of the mechanisms invoked to explain a limited life 
span,®’ some postulate changes in the genetic loci that 
code for proteins involved in correcting the various 
subtle mutations that occur during the life span of the 
cell, e.g., DNA repair enzymes (the so-called intrinsic 
mutagenesis theory of aging). Others invoke changes in 
expression of the genetic material. Considerable evi- 
dence is available suggesting that aging of fibroblasts is 
accompanied by defects in enzymes, genes, chromo- 
somes, DNA replication, and DNA repair—changes that 
might be expected if errors in molecules were accu- 
mulating. 

Some workers consider the limited growth of dip- 
loid fibroblasts an artifact of normal culturing proce- 
dures.** It has been theorized that replicating cells are 
potentially immortal (i.e., there is no genetic limit on 
the replicative span), but there is always a given prob- 
ability that mitosis will give rise to cells that divide but 
are irreversibly committed to senescence and cell death 
(the commitment theory of cell aging).** Immortal un- 
committed cells are diluted by committed ones and may 
ultimately be lost in subculturing, thus explaining the 
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eventual cessation of division in culture. Yet the concept 
of limited replicative ability has great appeal, and a 
restricted replicative span of fibroblasts has been 
claimed in some diseases. For example, in diabetes 
mellitus, decreased growth of fibroblasts in culture has 
been implicated in the pathogenesis of diabetic micro- 
vascular disease. *° 

In contrast to the controversial concept of limited 
replication, there is agreement that changes that occur 
in postreplicating cells are important in cellular aging. 
Morphologically postreplicative senescent cells in cul- 
ture become larger, are occasionally multinucleate, de- 
velop vacuoles of various sizes, and are more prone to 
injury than nonsenescent cells. In vivo it is difficult to 
ascribe any single morphologic or biochemical change 
to cell aging. In the central nervous system, a well- 
documented example of age-related cell change is neu- 
ronal cell loss, which occurs in some of the Purkinje 
cells in the cerebellum. In neurons, there is also a 
characteristic “neurofibrillary degeneration’ that occurs 
in aging brains and is more pronounced in patients with 
senile dementia and Alzheimer’s disease, in whom there 
is premature senility (p. 1414). Structural alterations 
also occur in the DNA of senescent brain cells. There 
is also a decrease in the number of varieties of RNA 
species in senescent whole brain.® There are several 
interpretations of these biochemical derangements in 
DNA, RNA, and other molecules. A large number of 
environmental agents, to which aging individuals are 
increasingly exposed, are capable of causing somatic 
mutations by their damaging effect on DNA. These 
include ultraviolet light, x-rays, chemicals, and food 
products. However, such agents may also affect other 
cytoplasmic constituents directly (e.g., ER, cell mem- 
branes, mitochondria, ribosomes), and it is not possible 
at present to decide whether molecular injury to DNA 
or other macromolecules, or both, may contribute to 
the process. 

You will recall that another known morphologic 
marker for aging is the accumulation of lipofuscin pig- 
ment in cells, the yellow-brown wear-and-tear pigment 
that is the final breakdown product of autophagic vacu- 
oles. The biochemical composition of lipofuscin suggests 
that it is derived through lipid peroxidation and is 
consistent with the so-called “free radical theory” of 
aging, discussed earlier (p. 18). 

In the final analysis there is probably no single 
cause for cellular aging.® It is clear that with aging 
numerous phenotypic alterations appear in both repli- 
cating and nonreplicating somatic cells. But which of 
these is the result of some genotypic programming is 
unknown. 

-In closing this consideration of the various forms of 
cellular derangement, it is apparent that they cover a 
wide spectrum, ranging from the reversible and irre- 
versible forms of cell injury to the less ominous forms 
of intracellular accumulations, including pigmentations. 
Reference will be made to all these alterations through- 
out this book because all organ injury and, ultimately, 
all clinical disease arise from derangements in cell 
structure and function. 
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Inflammation is best defined as the reaction of 
vascularized living tissue to local injury. Invertebrates 
with no vascular system, single-celled organisms, and 
multicellular parasites all have their own responses to 
local injury. These include phagocytosis of the injurious 
agent; entrapment of the irritant by specialized cells 
(hemocytes), which then ingest it, and neutralization of 
noxious stimuli by hypertrophy of the cell or one of its 
organelles. All these reactions have been retained but 
what characterizes the inflammatory process in higher 
forms is the reaction of blood vessels, leading to the 
accumulation of fluid and blood cells. This makes the 
reaction much more complex but also more fascinating 
to unravel. 

The inflammatory response is closely intertwined 
with the process of repair. Inflammation serves to 
destroy, dilute, or wall off the injurious agent, but in 
turn sets into motion a complex series of events that, as 
far as possible, heal and reconstitute the damaged tissue. 
Repair begins during the early phases of inflammation 
but reaches completion usually after the injurious influ- 
ence has been neutralized. During repair, the injured 
tissue is replaced by regeneration of native parenchymal 
cells, by filling of the defect with fibroblastic “sear” 
tissue, or most commonly by a combination of these 
two processes. 

Humans owe to inflammation and repair their abil- 
itv to contain injuries and heal defects. Without inflam- 
mation, infections would go unchecked, wounds would 
never heal, and injured organs might remain permanent 
festering sores. However, inflammation and repair may 
be potentially harmful. Inflammatory reactions underlie 
the genesis of rheumatoid arthritis, life-threatening hy- 
persensitivity reactions, and some forms of fatal renal 
disease. Reparative efforts may lead to disfiguring scars 
or fibrous bands that cause intestinal obstruction or limit 
the mobility of joints. It is for this reason that our 
pharmacies abound with so-called “anti-inflammatory 
drugs,” which supposedly limit, control, or modify the 
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normal inflammatory reaction. The ideal drug would be 
one that enhances the salutary effects of inflammation 
vet controls its destructive, harmful sequelae. As our 
understanding of the mechanisms of inflammation in- 
creases, so will our ability to control its evolution and 
to foster its beneficial effects. 


HISTORICAL HIGHLIGHTS 


The scientific advances of the past 20 years have 
brought us tantalizingly close to understanding many of 
the cellular and biochemical events in inflammation, 
but because inflammation is so often a visible reaction, 
it has a rich and ancient history, intimately linked to 
the history of wars, wounds, and infections. Space here 
does not allow for any but the briefest of historical 
perspectives. The interested student should read some 
of Majno’s historical writings. !° 

Cornelius Celsus, a Roman nonmedical writer of 
the first century AD, described the four cardinal signs 
of inflammation: rubor, tumor, calor, and dolor (red- 
ness, swelling, heat, and pain). In 1793, the Scottish 
surgeon John Hunter noted what is now considered an 
obvious fact: that inflammation is not a disease but a 
nonspecific response that has a “salutary” effect on its 
host.? Just as Virchow (1821-1902) established the con- 
cept of “cellular pathology,” which was fundamental to 
the recognition that all disease processes must originate 
in diseased cells, so it was his pupil Julius Cohnhein 
(1839-1884) who provided one of the first (and still best) 
microscopic descriptions of inflammation. He observed 
injured blood vessels in thin, transparent membranes, 
such as the mesentery and tongue of the frog. Noting 
the initial vasodilatation and changes in blood flow, the 
subsequent edema due to increased vascular per- 
meability, and the characteristic leukocyte emigration, 
he wrote descriptions that can hardly be improved 
upon.” 


The Russian biologist Elie Metchnikoff discovered the 
process of phagocytosis by observing the ingestion of 
rose thorns by amebocytes of starfish larvae (1882), and 
of bacteria by mammalian leukocytes (1884). He con- 
cluded that the purpose of inflammation was to bring 
phagocytic cells to the injured area to engulf invading 
bacteria. At that time, Metchnikoff contradicted the 
prevailing theory, strengthened by the discovery of 
antitoxins by Behring and Kitasato (1890), that the 
purpose of inflammation was to bring in factors from the 
serum to neutralize the infectious agents. It soon be- 
came clear that both cellular (phagocytosis) and serum 
factors (antibodies) were critical to our defense against 
organisms, and in recognition of this both Metchnikoff 
and Paul Ehrlich (who developed the “humoral theory’) 
shared the Nobel Prize in 1908.’ 

To these names must be added that of Sir Thomas 
Lewis who, on the basis of simple experiments involving 
the triple response in skin (p. 42), established the 
concept that chemical substances, locally induced by 
injury, mediate the vascular changes of inflammation. 
This fundamental concept underlies the important dis- 
coveries of chemical mediators of inflammation and of 
potent anti-inflammatory agents. 


ACUTE INFLAMMATION 


It is common to think of bacteria or other microbes 
as the cause of inflammation, but almost all the causes 
of cell injury cited earlier (Chapter 1) may also provoke 
inflammation. These include physical agents (such as 
burns, radiation, and trauma), chemical agents (such as 
caustic substances), and all types of immunologic reac- 
tions. The last category, in particular, is integral to 
various aspects of inflammation. Of necessity, therefore, 
much of our discussion on the mechanisms of inflam- 
mation will require an understanding of some funda- 
mental aspects of immunology, summarized in Chapter 
5. (For those not familiar with basic immunologic terms, 
prereading of Chapter 5 may be useful.) 

It is customary to divide inflammation into acute 
and chronic patterns—useful terms, provided that cer- 
tain qualifications of their meaning are appreciated.® 
Acute inflammation is of relatively short duration, last- 
ing for a few minutes, several hours, or one to two days, 
and its main characteristics are the exudation of fluid 
and plasma proteins (edema) and the emigration of 
leukocytes, predominantly neutrophils. It is more or 
less stereotypic, regardless of the nature of the injurious 
agent. Chronic inflammation, on the other hand, is less 
uniform. It is generally of longer duration and is asso- 
ciated histologically with the presence of lymphocytes 
and macrophages, and the proliferation of blood vessels 
and connective tissue. But many factors modify the 
course and histologic appearance of chronic inflamma- 
tion, and these will become apparent later in this 
chapter. 

Although the basic pattern of acute inflammation is 
uniform, the intensity and duration of the reaction is 


Inflammation 44 


determined by both the severity of the injurious agent 
and the reactive capability of the host. Even slight 
injury may produce a serious, sustained response in the 
frail and, conversely, even the most robust may fall prey 
to a virulent attack, as every victim of a severe burn 
well knows. Depending on the severity of the injury 
and the adequacy of the defense, the inflammation may 
remain localized to its site of origin or may evoke 
systemic responses. 

The arena of the inflammatory response is the 
vascularized connective tissue, including plasma, cir- 
culating cells, blood vessels, and the cellular and extra- 
cellular constituents of connective tissue. The student 
should be familiar with the structure, biology, and 
biochemistry of these components. The circulating cells 
that are important in inflammation include neutrophils, 
monocytes, eosinophils, lymphocytes, basophils, and 
platelets. The main connective tissue cells are the mast 
cells, which intimately surround blood vessels, and the 
connective tissue fibroblasts. The extracellular connec- 
tive tissue consists of basement membrane, the various 
types of collagen, elastin, and proteoglycans (heparan 
sulfate, chondroitin sulfate, hyaluronic acid). Fibronec- 
tin and laminin are glycoproteins that, together with 
some types of collagen (IV and V), are present in 
basement membranes (see pp. 78-79). 

Certain terms must be defined before we describe 
the specifics in inflammation. The escape of fluid, pro- 
teins, and blood cells from the vascular system into the 
interstitial tissue or body cavities is known as exudation. 
An exudate is an inflammatory extravascular fluid that 
has a high protein concentration, much cellular debris, 
and a specific gravity above 1.020. It implies significant 
alteration in the normal permeability of small blood 
vessels in the area of injury. In contrast, a transudate 
is a fluid with low protein content (most of which is 
albumin) and a specific gravity of less than 1.012. It is 
essentially an ultrafiltrate of blood plasma and results 
from hydrostatic imbalance across the vascular endothe- 
lium (see p. 42). Here, the permeability of the endo- 
thelium is normal. Edema denotes an excess of fluid in 
the interstitial tissue or serious cavities; it can be either 
an exudate or a transudate. Pus, a purulent exudate, is 
an inflammatory exudate rich in leukocytes (mostly 
neutrophils) and parenchymal cell debris. Lysosomal 
enzymes are present in pus, and the extent of proteolysis 
that they produce determines the viscosity of the ma- 
terial. 

The local clinical signs of acute inflammation are 
the heat, redness, swelling, and pain immortalized by 
Celsus. A fifth clinical sign, loss of function (functio 
laesa), was later added by Virchow.” These signs of the 
inflammatory response are induced by (1) changes in 
vascular flow and caliber (also referred to as hemody- 
namic changes), (2) changes in vascular permeability, 
and (3) leukocytic exudation. These three reactions may 
overlap, and some share common mediator mechanisms. 
In general, however, the structural and biochemical 
basis of each of these responses is sufficiently different 
to require separate consideration. 
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CHANGES IN VASCULAR FLOW AND CALIBER 


These changes are best observed in thin, transpar- 
ent injured tissues under the phase microscope, or 
better still by time-lapse cinematography. They begin 
very early after injury but develop at varying rates, 
depending on the severity of the injury. The changes 
occur in the following order.* 

1. First, there is transient vasoconstriction of ar- 
terioles. This is an inconstant finding, and with mild 
forms of injury it disappears within three to five seconds. 
With more severe injury, such as a burn, vasoconstric- 
tion may last several minutes. The mechanism of con- 
striction is unknown; it may well be neurogenic, but 
some chemical mediators (to be discussed) induce vaso- 
constriction when injected in high doses. 

2. The next and fundamental event is vasodilata- 
tion, which first involves the arterioles and then results 
in opening of new microvascular beds in the area. Thus 
comes about the increased blood flow—the hallmark of 
the early hemodynamic changes in acute inflammation 
and the cause of the heat and the redness. At this stage, 
the increased blood volume in the vasodilated vessels 
may result in sufficient increases in local hydrostatic 
pressure to cause fleeting transudation of protein-poor 
fluid into the extravascular space. 

3. Slowing of the circulation follows, brought about 
by increased permeability of the microvasculature, with 
the outpouring of protein-rich fluid into the extravas- 
cular tissues. This results in concentration of the red 
cells in small vessels, and increased viscosity of the 
blood. In histologic sections, this phenomenon is re- 
flected by the presence of dilated small vessels packed 
with red cells—termed stagnation or “stasis.” 

4. As stasis develops, one begins to see peripheral 
orientation of leukocytes, principally neutrophils, along 
the vascular endothelium, a process termed lewkocytic 
margination. Leukocytes stick to the endothelium at 
first transiently, then more avidly; soon after they 
migrate through the vascular wall into the interstitial 
tissue, the latter process being called emigration. 

The time scale of these events is variable. For 
example, with mild stimuli the stages of stasis may not 
become apparent until 15 to 30 minutes have elapsed, 
whereas with severe injurv stasis may occur in but a 
few minutes. Further, if the injurious agent is diffusible 
or if there is a gradient of injury, the vessels closest to 
the stimulus show evidence of severe and rapid hemo- 
dynamic changes, whereas those at the periphery have 
mild alterations. Thus, if a local burn is inflicted on the 
skin, the area immediately adjacent to the burn may 
show complete stasis, while more peripheral areas may 
still be vasodilated. 

What brings about the characteristic vasodilatation 
and acceleration of flow? Here we must go back to 1927 
for the classic description by Sir Thomas Lewis of the 
“triple response.’ * Lewis pointed out that when the skin 
of the forearm of a normal individual is firmly stroked 
by a blunt instrument, such as the tip of a lead pencil 
or the edge of a ruler, three separate changes can be 


observed. First, within seconds, a dull red line develops 
along the line of the stroke. Second, a bright red halo 
(the flare) appears about the stroke mark. Soon there- 
after the third feature appears—swelling of the stroke 
mark (the wheal), accompanied by its blanching. Lewis 
further observed that neither the red stroke mark nor 
the wheal could be abolished by cutting local sensory 
nerves to the skin. He thus postulated the release of a 
humoral histamine-like substance (H-substance) by in- 
jured tissue as the cause of the dull red line, which he 
ascribed to vasodilatation, as well as the cause of the 
wheal, which he attributed to increased vascular perme- 
ability. Although more potent chemicals than_hista- 
mine—the prostaglandins—are now thought to be the 
mediators of vasodilatation, Lewis’ experiments were 
the first to suggest the action of chemical mediators in 
inflammation. 


CHANGES IN VASCULAR PERMEABILITY 


Normal Permeability and Structure of 
Microcirculation 


We have seen that, in the early stages, vasodilata- 
tion and increased hydrostatic pressure may result in 
some degree of transudation. However, this is soon 
dwarted by increased vascular permeability and exu- 
dation of plasma proteins, the mark of acute inflam- 
matory edema. Increased permeability in inflammation 
occurs in the microcirculation, which includes the small 
arterioles, capillaries, and venules. It is in these seg- 
ments that exchange of substances between the blood 
and tissues occurs. 

According to Starling’s hypothesis, the normal fluid 
balance is maintained by two opposing sets of forces 
(Fig. 2-1A). Those that cause fluid to move out of 
circulation are the osmotic pressure of interstitial fluid 
and the intravascular hydrostatic pressure; those that 
cause fluid to move in are the osmotic pressure of 
plasma proteins and the tissue hydrostatic pressure. The 
balance of these forces is such that there is a net small 
movement of fluid outward, but this fluid normally 
drains into the lymphatics, and no edema occurs. Fac- 
tors that tend either to increase intravascular hydrostatic 
pressure or to decrease intravascular osmotic pressure 
will result in increased movement of fluid out of the 
capillary and the formation of edema. In these instances, 
however, the edema is a transudate. In inflammatory 
edema there is loss of high-protein fluid due to a leaky 
endothelium and therefore a reduction of the intravas- 
cular osmotic pressure, accompanied by increased os- 
motic pressure of the interstitial fluid, both leading to 
impairment of the return of fluid to the blood on the 
venous end of the capillary (Fig. 2-1B). There is thus a 
marked outflow of fluid. 

Normal fluid exchange is critically dependent on 
an intact endothelium. Normal endothelium is a thin, 
simple, squamous epithelium adapted to permit free, 
rapid exchange of water and small molecules between 


Figure 2-1. Blood pressure and plasma colloid oncotic 
forces in normal and inflamed tissues. A, Normal hydrostatic 
pressure of about 32 mm Hg at arterial end of capillary and 
12 mm Hg at venous end. Mean capillary pressure equals 
colloid oncotic pressure (horizontal line). B, Acute inflam- 
mation. Mean capillary pressure is increased because of 
arteriolar dilatation, while oncotic pressure is reduced be- 
cause of increased permeability of vascular wall. Result is 
net excess of extravasated fluid. (Redrawn from Wright, G. 
P.: An introduction to Pathology. 3rd ed. London, Long- 
mans, Green and Co., 1958.) 
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plasma and interstitium, but to limit the passage of 
plasma proteins with increased restriction as the size of 
the protein increases. The endothelial lining of all 
arterioles and venules and most capillaries in the body 
is of the continuous type, having an unbroken cyto- 
plasmic layer with closely apposed intercellular junc- 
tions. Fenestrated endothelium is characteristic of en- 
docrine organs, intestines, and the renal glomerulus, 
and discontinuous or open endothelium occurs in the 
liver, spleen, and bone marrow. Physiologic studies’®:'! 
explain normal capillary permeability for water and small 
lipid-insoluble molecules by the existence of water-filled 
“small pores’ 6 nm in radius, or slits about 8 nm wide. 
There is also a postulated system of large pores (25-nm 
radius) to account for the small quantities of protein and 
other large solutes that normally cross the capillary wall. 

Although there is agreement among electron mi- 
croscopists that micropinocytotic vesicles represent the 
large pores, the morphologic equivalent of the small 
pore system is still uncertain. At present there are two 
opposing views, based on interpretation of the ultra- 
structural localization of protein tracers having different 
molecular weights. One view is that the small-pore 
system is represented by continuous transendothelial 
channels formed by fusing pinocytotic vesicles.'? The 
other ascribes to the intercellular junctions the transfer 
site of molecules up to 40,000 daltons.'* Whichever the 
route in capillaries, it is clear that intercellular junctions 
are less structurally complex and more permeable in 
small venules.* Further, junctions are labile structures 
and are susceptible to being widened by a variety of 
physical and chemical factors. As we shall see, most 
chemical mediators of inflammation cause increased 
vascular permeability by opening gaps in intercellular 
junctions. 

Recent studies suggest that various polyanionic 
molecules, such as sialoglycoproteins and heparan sul- 
fate, are localized in specific domains on the luminal 
surface of endothelium (e.g., vesicles, fenestrae, inter- 
cellular junctions).’” These anionic sites may well play a 
role in normal and increased vascular permeability by 
repelling anionic molecules and facilitating the transport 
of cationic proteins. Such a role for anionic sites has 
been shown in the case of the renal glomerulus (p. 993). 

It must be emphasized that, despite its relatively 


43 


inflammation 


A NORMAL B ACUTE INFLAMMAT/ON 


E25] extravasation of Fluid 
Y reabsorption of Fluid 


Arterial Venous Arterial Venous 


simple structure, the vascular endothelial cell is a func- 
tionally and metabolically active cell capable of secretion 
of a variety of biologically important molecules. These 
include hormones (prostaglandins), procoagulant (Factor 
VIII), anticoagulant (plasminogen activator) factors, and 
connective tissue proteins (e.g., fibronectin).'~"* 


Patterns and Morphologic Basis of Increased 
Vascular Permeability 


Increased vascular permeability is seen clinically as 
edema. It can be demonstrated or quantitated experi- 
mentally in several ways, including (1) measurement of 
the water content of the inflamed tissue; (2) assessment 
of leakage of intravenously injected dyes (e.g., Evans 
blue, which binds to serum proteins), causing “blueing” 
of inflamed sites; (3) measurement of the escape of 
injected radiolabeled albumin into injured areas; and (4) 
vascular “labeling” with carbon.'? With the last tech- 
nique, colloidal carbon, which contains particles 25 to 
30 nm in diameter, is injected intravenously. Normally 
it is taken up by the reticuloendothelial (mononuclear 
phagocyte) system, but not by endothelial cells. How- 
ever, carbon particles leak across injured endothelium 
but are too large to cross the basement membrane. 
They are thus trapped between the basement membrane 
and the endothelium. Leaky vessels are therefore “la- 
beled with carbon” and can be visualized on light and 
electron microscopy. 

With such techniques, varying patterns in the rise 
and ebb of vascular leakage can be demonstrated in the 
skin of animals exposed to various types of injury” (Fig. 
2-2). Three general types of response are recognized: 
(1) the immediate-transient response, (2) the immediate- 
sustained (also called immediate-prolonged) response, 
and (3) the delayed-prolonged response. 

The immediate-transient response usually begins 
immediately after injury, reaches a peak by five to ten 
minutes, and phases out within 15 to 30 minutes. The 
response is elicited by histamine and most other chem- 
ical mediators and by mild injury (such as heating the 
skin of a guinea pig at 54° C for five seconds) and is also 
the typical fleeting response of the allergic wheal seen 
in Type I hypersensitivity (p. 163). Majno and _ co- 
workers!* 2! used the carbon-labeling technique and 
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Figure 2—2. Patterns of increased vascular permeability in inflam- 
mation. The solid line, A, shows the immediate transient response; 
the dashed line, B, shows the delayed response; and the thin line, 
C, shows the immediate sustained response. 


( hours) 


found that immediate-transient leakage induced by his- 
tamine, serotonin, and bradykinin occurred (1) exclu- 
sively from small- and medium-sized venules less than 
100 wp in diameter, leaving the capillaries unaffected 
(Fig. 2-3); and (2) through gaps (0.5 to 1.0 w in width) 


between the endothelial cells (Fig. 2-4). The mechanism 
by which gaps form turns out to be quite simple: they 
are caused by actual contraction of endothelial cells and 
widening of the junction.” *? Similar changes are seen 
in the immediate-transient responses induced by mild 
thermal injury,” and these can be inhibited by antago- 
nists of histamine. Why do histamine-type mediators 
act exclusively on venules? We do not know for sure, 
but recent interesting evidence suggests that venular 
endothelium has a higher concentration of high-affinity 
binding sites (receptors) for histamine than does arter- 
iolar or capillary endothelium.” 

Immediate-sustained reactions are encountered in 
severe injuries, usually associated with necrosis of endo- 
thelial cells. Leakage starts immediately after injury, is 
sustained at a high level for several hours, and continues 
for one to several days until the damaged vessels are 
either thrombosed or repaired. All levels of the micro- 
circulation are affected, including venules, capillaries, 
and arterioles. Severe endothelial cell damage, with 
frequent sloughing of endothelial cells, is present (Fig. 
2-5). Here the mechanism for increased permeability 
appears to be direct damage by the injurious stimulus. 


ee aa 
‘3 : isd % 4 ; aaa . a x ; 


Figure 2-3. Vascular leakage as induced by histamine, serotonin, and bradykinin. This is a laminar 
muscle of the rat (cremaster), fixed, cleared in glycerin, and examined unstained by transillumination. 
One hour prior to sacrifice, bradykinin was injected over this muscle, and colloidal carbon was given 
intravenously; bradykinin caused small gaps to appear between endothelial gaps in some vessels 
(see Fig. 2—4). Plasma, loaded with carbon, escaped, but most of the carbon particles were retained 
by the basement membrane of the leaking vessels, with the result that these became “labeled” in 
black. Note that not all the vessels leak — only the venules, and then only within a certain caliber 


range. A 


arteriole; V = small vein; arrows point to blackened, leaking venules. The capillary 


network is very faintly visible in the hackground. (Courtesy of Dr. Guido Majno, Department of 
Pathology, University of Massachusetts School of Medicine.) 


Figure 2—4. Wall of a leaking venule three min- 
utes after local injection of histamine and intra- 
venous injection of colloidal carbon black (rat 
striated muscle). The lumen is packed with red 
blood cells (stasis) as plasma is lost through 
leaks in the wall. One such leak is visible between 
the two large arrows. A red blood cell is being 
squeezed into it. Thin arrows point to smaller 
leaks. Most of the carbon particles (C) and chy- 
lomicra (light gray globules) are retained by the 
pericyte (P) and its basement membrane. Note 
folds in the endothelial nucleus, evidence of cel- 
lular contraction. E = endothelial cells; N = 
nucleus of endothelial cell. (Courtesy of Dr. Isa- 
belle Joris, Department of Pathology, University 
of Massachusetts School of Medicine.) 
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Figure 2-5. Electron micrograph showing effects of direct 
injury to endothelium by necrotizing thermal stimulus There 
is marked swelling of endothelium (E); disruptions (arrows) 
allow leakage of injected carbon particles. Note the platelets 
(PL) plugging the lumen. DPL = degranulated platelets; P . 
= pericyte; F = fibrin Compare with Figure 2-4. 
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The classic example is the increased permeability that 
occurs after a severe burn.”° 

Delayed-prolonged leakage is a curious type of 
response that begins after a delay and lasts for several 
hours or even days.’ This response is rather common, 
occurring after mild-to-moderate thermal injury, after 
x-ray or ultraviolet irradiation, with certain bacterial 
toxins, and in delayed (Type IV) hypersensitivity reac- 
tions (p. 169). One common example of a delayed 
response is seen in sunburn, which is appreciated only 
several hours after a person has left the beach. In the 
delayed phase, leakage occurs in both venules and 
capillaries.*> 2° Most workers now believe that the de- 
layed leakage is largely due to direct injury to the 
endothelium by the initial stimulus.* 7? Electron mi- 
croscopy shows the leakage to be predominantly inter- 
cellular, but curiously there is no endothelial cell con- 
traction. How gaps form with this type of direct injury 
and why the leakage is delayed is not known. 

Before we leave this discussion, it should be noted 
that while it is possible to separate the three patterns 
in the experimental model, the patterns in most inflam- 
matory reactions of man overlap since there is a graded 
severity of injury from the center to the periphery of 
injured sites. In addition, different chemical media- 
tors—with histamine-type patterns—may be activated 
at consecutive phases of the inflammatory response and 
account for sustained and prolonged responses. How- 
ever, as mentioned, the allergic wheal is an example of 
an immediate-transient permeability response, and x- 
irradiation and ultraviolet rays classically induce de- 
layed-prolonged responses. 
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CELLULAR EVENTS: LEUKOCYTIC EXUDATION 
AND PHAGOCYTOSIS 


The accumulation of leukocytes—principally neu- 
trophils and monocytes—is the most important feature 
of the inflammatory reaction. Leukocytes serve to engulf 
and degrade bacteria, immune complexes, and the 
debris of necrotic cells, and their lysosomal enzymes 
contribute in other ways to the defensive response. But, 
as we shall see, leukocytes during these defensive 
reactions also release enzymes, chemical mediators and 
toxic radicals that may themselves prolong inflammation 
and increase tissue damage. 

The sequence of these “leukocyte events” can be 
divided into (1) margination, (2) sticking, (3) emigration, 
(4) phagocytosis and intracellular degradation, and (5) 
extracellular release of leukocyte products. 


Margination 


Margination or peripheral orientation of white cells 
in the moving bloodstream has already been mentioned 
in the discussion of hemodynamic changes. In normally 
flowing blood, the red and white cells within microves- 
sels are confined to the axial central column, leaving a 
relatively cell-free layer of plasma in contact with the 


Figure 2—6. Scanning electron micrograph of inflamed venule show- 
ing margination and sticking of neutrophils. (Courtesy of Dr. M. J. 
Karnovsky, Department of Pathology, Harvard Medical School.) 


vessel wall. As slowing and stagnation of the flow occur, 
this laminar flow disappears. The white cells appear to 
fall out of the central column to assume positions in 
contact with the endothelium (Fig. 2-6). The cells first 
stumble slowly along the walls of the capillaries and 
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Figure 2-7. A dilated congested venule with peripheral orientation 
(margination) of neutrophils. Many neutrophils have emigrated into 
the perivascular edematous tissue. 


venules to come to rest finally at some point. In time, 
the endothelium appears to be virtually lined by such 
cells, a phenomenon called pavementing (Fig. 2-7). 
The displacement of white cells to the periphery of 
the stream may be governed by the laws of physics. In 
the stagnated blood flow, the red cells tend to stick 
together and form small clumps or rouleaux, a process 
that has been referred to as sludging. These clumps 
thus become larger than the white cells and occupy the 
most rapidly moving central axis of the slowly moving 
stream, displacing the white cells to the periphery. 


Sticking 


Following margination, white cells adhere in great 
numbers to the endothelial surface, resembling “pebbles 
or marbles over which a stream runs without disturbing 
them.” It must first be said that, under normal circum- 
stances, a considerable proportion (as high as 50%) of 
circulating neutrophils are transiently marginating and 
sticking (or even emigrating), particularly in the lung, 
but the numbers adherent are too few to be seen 
histologically in normal tissues. 

Several mechanisms have been postulated in in- 
creased adhesiveness of leukocytes in inflammation.” 

1. Alterations in cell surface charge. Both the 
endothelium and the white cells are covered by nega- 
tively charged cell coats and thus are believed to repel 
each other. It is possible that injury in some way 
neutralizes these negative charges (either on the endo- 
thelium or the neutrophil), causing adhesion. Neura- 
minidase treatment (which neutralizes sialoproteins) in- 
creases neutrophil attachment in endothelial cultures. 
Neutrophils themselves release cationic proteins that 
conceivably may serve to neutralize the negative 
charges. However, this loss of charge may be focal and 
has been difficult to demonstrate directly. 


2. Divalent ions, such as Ca**, Mn**, and Mg*t*, 
may also play some role in this adherence, serving as 
bridges between the negative charges on endothelium 
and white cells or as cofactors in some other enzyme 
reactions or protein interactions necessary for adhesion. 
Treatment with EDTA suppresses adhesiveness and 
addition of these cations increases adhesiveness, both 
in vivo*! and in vitro.*° 

3. Chemical mediators (chemotactic factors) such 
as C5a, applied either to neutrophils or to endothelium, 
increase the adherence of neutrophils to endothelial 
cells in culture.” This suggests that some of the media- 
tors that result in emigration toward a focus of injury 
also cause sticking of leukocytes to the endothelium. 

Arachidonic acid metabolites may also be involved. 
Recent studies show that inhibition of the lipoxygenase 
pathway of arachidonic acid metabolism decreases basal 
leukocyte adhesion to endothelium in culture,” and that 
lipoxygenase pathway products such as leukotriene B, 
(p. 55) induce increased leukocyte adhesion to endothe- 
lium in vivo. 
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Emigration 


Emigration refers to the process by which motile 
white cells escape from the blood vessels to the peri- 
vascular tissues. Neutrophils, eosinophils, basophils, 
monocytes, and lymphocytes all use the same pathway. 
Following adhesion, the leukocytes move slightly along 
the endothelial surface and insert large pseudopods into 
the junctions between the endothelial cells.** They craw] 
through widened interendothelial junctions, eventually 
to assume a position between endothelial cell and base- 
ment membrane (Fig. 2-8). They may stay at that site 
for short periods, but they eventually traverse the 
basement membrane and escape into the extravascular 
space. Electron microscopy has elegantly shown the 
incredible plasticity of the white cells as they crawl 
through the narrow serpentine pathways between endo- 
thelial cells. 

Red cells may also leave blood vessels, particularly 
in severe injuries. Unlike the white cell, the red cell 
seems to be passively and unwillingly shoved out of the 
leaky, injured vessel by the intraluminal pressure in the 
wake of emigrating leukocytes. 

The cell type present in the inflammatory response 
varies with the age of the inflammatory lesion and with 
the type of stimulus. In most types of acute inflamma- 
tion, neutrophils predominate in the first six to 24 hours, 
being replaced by monocytes in 24 to 48 hours. Although 
this sequence can be explained in different ways, three 
factors account for it best: (1) short-lived neutrophils 
disintegrate and disappear after 24 to 48 hours, while 
monocytes survive much longer in tissues; (2) monocyte 
emigration is sustained long after neutrophil emigration 
ceases; and (3) chemotactic factors for neutrophils and 
monocytes are activated at different periods of the 
response. Indeed, neutrophils release a chemotactic 
factor for monocytes, and its activation in the early part 
of inflammation may call forth the monocytes that pre- 
dominate later. There are many exceptions to this 
pattern of cellular exudation: in infection produced by 
Pseudomonas organisms, neutrophils predominate over 
two to four days; in viral infections, lymphocytes may 
be the first cells to arrive; in some hypersensitivity 
reactions, eosinophilic granulocytes may be the main 
cell type. 


Chemotaxis 


Chemotaxis may be defined as the unidirectional 
migration of cells toward an attractant, or more simply 
locomotion oriented along a chemical gradient. The term 
should be differentiated from chemokinesis, which is the 
accelerated random locomotion of cells. All granulo- 
cytes, monocytes, and to a lesser extent lymphocytes 
respond to such stimuli with various rates of speed. 

Many early workers studied chemotaxis, but the 
development of Boyden’s micropore filter technique 
turned the early expeditions to “fish” for chemoattrac- 
tants into an international sport!®’ With Boyden’s tech- 
nique, leukocytes are placed in one compartment of a 
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chamber, separated by a porous filter membrane from 
a second compartment in which the chemotactic sub- 
stance is placed. If a chemotactic influence is present, 
the leukocytes crawl across the pores of the filter. 
Quantitation of chemotaxis can be done by counting the 
cells either on the stained filter membrane or in the 
second chamber. Direct microscopic observation of leu- 
kocytes across a gradient of chemotactic factors is used 
to check on results obtained by the Boyden technique.” 
Some chemotactic factors operate only on the polymor- 
phonuclear leukocytes, others only on monocytes, and 
some affect both types of white cells. 

Exogenous and endogenous substances can act as 
attractants. The most significant chemotactic agents for 
neutrophils are (1) bacterial products; (2) components 
of the complement system, particularly C5a; and (3) 
products of the lipoxygenase pathway of arachidonic 
acid metabolism, particularly leukotriene B,. The last- 
named two are discussed in detail in the section on 
chemical mediators. Soluble bacterial factors with 
chemotactic activity can be isolated from filtrates of a 
variety of organisms, including Staphylococcus albus 
and aureus and E. coli. Some of these are peptides that 
possess an N-formyl-methionine terminal amino acid, 
an observation that led to the synthesis of simple 
oligopeptides that are highly chemotactic for leukocytes. 
Others are lipid in nature and resemble the endoge- 
nously-produced lipoxygenation products of arachidonic 
acid metabolism.*° 

But how does the leukocyte “see” (or “smell’’?) the 
chemotactic agents, and how do these diverse sub- 


Figure 2-8. Venule ten hours after 
injection of an inflammation-provoking 
toxin. Four polymorphonuclear (PMN) 
leukocytes are seen: 1 is in the lumen; 
2 is squeezing through (emigrating 
from) the lumen into the perivascular 
space; 3 is trapped between the en- 
dothelium (E) and pericyte (P); and 4 
is already in the interstitium (I). 


stances actually induce directed cell movement? Al- 
though not all the answers are known, several important 
steps are recognized. First and foremost is the presence 
of specific receptors for chemotactic agents on the cell 
membranes of leukocytes. Schiffman* made the inter- 
esting observation that synthetic simple formyl meth- 
ionyl peptides were chemotactic in vitro. The chemo- 
tactic activity of such peptides depended not only on 
their amino acid composition but also on the exact 
sequence of the amino acids in the peptide chain. This 
suggested binding of a small portion of the polypeptide 
chain with a structurally specific receptor on the neu- 
trophil surface. Such receptors have since been identi- 
fied and quantitated, not only for the synthetic oligo- 
peptides,*! but also for Cd5a” and for leukotriene B,.* 
The binding of the ligand to the receptor is rapid, and 
if about 20% of the receptors are occupied it leads to 
increased random locomotion as well as chemotaxis. The 
precise sequence of events from receptor-ligand inter- 
action to actual cell movement is still unclear but 
appears to involve mobilization of membrane-associated 
Ca**, Ca** (and Na*) influx into the cell, and increased 
ionic calcium within the cytosol.** * The last-named is 
the key event associated with the assembly of contractile 
elements responsible for cell movement. 

The mechanisms of actual locomotion in leukocytes 
are beginning to be unraveled.** The phagocyte moves 
by extending a pseudopod that pulls the remainder of 
the cell in the direction of extension, just as an auto- 
mobile with front-wheel drive is pulled by the motor in 
front. The interior of the pseudopod consists of a branch- 


ing network of filaments composed of actin, as well as 
the contractile protein myosin. The phagocyte uses rapid 
association and dissociation of actin from monomer to 
fibrillar form to expand and contract the pseudopod 
when it is required to move. This phenomenon is 
controlled by calcium ions and a number of regulatory 
proteins. These include actin-binding protein, which 
organizes actin fibers at right angles to each other, 
transforming the pseudopod from sol to gel state; gel- 
solin, which binds one end of each actin fragment, 
preventing reassembly; acumentin, a protein that binds 
to the opposite end of the filament, serving to revert 
the actin to the sol state; and calmodulin, the calcium- 
binding protein that controls the assembly of myosin 
molecules. Precisely how myosin interacts with actin in 
the pseudopod to produce contraction is unknown. 
However, movement is very dependent on intracyto- 
plasmic calcium gradients that affect both the action of 
gelsolin on actin and the assembly of myosin filaments. 

Chemotactic substances for monocytes include bac- 
terial products, C5a, leukotriene B,, a factor derived 
from neutrophils, a factor liberated from activated lym- 
phocytes, and fibronectin fragments. * 

Eosinophils accumulate in immunologic reactions, 
particularly at sites of anaphylactic allergy (Type 1 
hypersensitivity). In this reaction, IgE-sensitized baso- 
phils or mast cells release a variety of factors when they 
meet specific antigen (p. 164). Some of these factors 
either are directly chemotactic or enhance other chemo- 
tactic agents;*® these include products of the cyclooxy- 
genase pathway of arachidonic acid metabolism (p. 54), 
intermediate-molecular-weight peptides, a lipid chemo- 
tactic factor (LCF), histamine, prostaglandin D,, and a 
small polypeptide called the eosinophil chemotactic fac- 
tor of anaphylaxis (ECF-A). Other eosinophil chemo- 
tactic substances include C5a and substances released 
by activated lymphocytes. 


Phagocytosis 


Phagocytosis and the release of enzymes by neutro- 
phils and macrophages constitute two of the major 
benefits derived from the accumulation of leukocytes at 
the inflammatory focus.**? Phagocytosis involves three 
distinct but interrelated steps (Fig. 2-9). First, the 
particle to be ingested becomes attached to the surface 
of the leukocyte, a phenomenon that requires some 
kind of recognition by the leukocyte. The second step 
is engulfment, with subsequent formation of a phagocytic 
vacuole. The third is killing and/or degradation of the 
ingested material. 


1. Recognition and attachment. Neutrophils and mac- 
rophages on occasion recognize and engulf bacteria 
or extraneous matter (e.g., latex beads) in the ab- 
sence of serum, but most microorganisms are not 
recognized until they are coated by naturally occur- 
ring serum factors called opsonins. Two opsonins are 
well characterized: (a) IgG (subtypes 1 and 3), pre- 
sumably naturally occurring antibody against the 
ingested particle; and (b) C3b, the so-called “opsonic 
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Figure 2-9. Neutrophil, stained for myeloperoxidase (black reaction 
product), showing phagocytosis of three yeast particles. Particle 1 
is being engulfed and particle 2 shows fusion with granules; the 
granules have emptied their contents around particle 3. N = 
nucleus. (Courtesy of Dr. M. J. Karnovsky, Department of Pathology, 
Harvard Medical School.) 


fragment of C3,” generated by activation of comple- 
ment by immune or nonimmune mechanisms (p. 53). 
Opsonized particles attach to two corresponding re- 
ceptors on the surface of neutrophils and macro- 
phages: one for the Fc fragment of the IgG molecules 
(to react with IgG opsonins), and the other a C3b 
receptor (to react with opsonic C3 fragments). It is 
no surprise, therefore, that serum of individuals 
genetically deficient in C3 has impaired opsonic 
activity. 

2. Engulfment. This occurs once the phagocyte recog- 
nizes a particle’s foreignness. Extensions of the cy- 
toplasm (pseudopods) flow around the object to be 
engulfed, eventually resulting in complete enclosure 
of the particle by the cytoplasmic membrane of the 
cell. The limiting membrane of this phagocytic vac- 
uole then fuses with the limiting membrane of the 
lysosomal granule, resulting in discharge of the gran- 
ule’s contents into the phagolysosome. In the course 
of this action, the neutrophil and the monocyte 
become progressively degranulated. During this 
process of degranulation there is some leakage of 
hydrolytic enzymes as well as metabolic products 
(e.g., hydrogen peroxide) from the phagocytizing 


50 INFLAMMATION AND REPAIR 


leukocyte into the external medium, probably through 
unclosed channels from the phagolysosome to the 
exterior. This process is aptly termed “regurgitation 
during feeding’; it is important because some of the 
leaked enzymes have profound proteolytic activity 
and may cause tissue damage. 

An important question concerns how interaction 
between the leukocyte membrane and the particle 
to be ingested is translated into the motile and 
dynamic processes of phagocytosis and degranula- 
tion. Several steps in this puzzle are still missing, 
but many of the events seem to be similar to those 
occurring during chemotaxis. The process is associ- 
ated with translocation of calcium ions across the 
plasma membrane (probably due to activation of 
membrane phospholipids™), which then act as a 
second messenger and initiate cellular events that 
involve microfilaments, and possibly microtu- 
bules.*” * 

3. Killing and/or degradation. The ultimate step in 
phagocytosis of bacteria is killing and degradation. 
Two categories of bactericidal mechanisms are rec- 
ognized, oxygen-dependent and oxygen-independ- 
ent. 

a. Oxygen-dependent bactericidal mechanisms. 
Phagocytosis is an energy-dependent phenome- 
non that stimulates numerous intracellular events, 
including a burst in oxygen consumption, glyco- 
genolysis, increased glucose oxidation via the 
hexose-monophosphate shunt, and production of 
active oxygen metabolites. The last is due to 
the rapid activation of an oxidase (reduced pyri- 
dine nucleotide oxidase), which converts 
NAD(P)H to NAD(P)* and in the process reduces 
oxygen to superoxide ion (O,°). 


oxidase 


20, + NAD(P)H > 20,- + NAD(P)* + H* 


Superoxide is then converted into H,O,, mostly by 
spontaneous dismutation. The superoxide is generated 
on the outside cell surface of the leukocyte, but when 
phagocytosis occurs it ends on the inside surface of the 
phagolysosome.™ Thus, the hydrogen peroxide is pro- 
duced within the lysosome. These oxygen metabolites 
are the principal killers of bacteria, acting in one of two 
ways:(1) The H,O,-myeloperoxidase-halide — system 
(myeloperoxidase-dependent _ killing). The 
quantities of H,O, produced in the phagoly- 
sosome are probably insufficient to induce 
effective killing of bacteria. However, the 
azurophilic granules of neutrophils contain the 


that the final reactive radical in this process is 
HOC], a powerful oxidant and antimicrobial 
agent. A similar mechanism is also effective 
against fungi, viruses, and mycoplasma. Most 
of the H,O, is eventually broken down by 
catalase into H,O and O, (p. 11), and some is 
destroyed by the action of glutathione oxidase. 

The most cogent argument for the rele- 
vance of the H,O,-myeloperoxidase system is 
the existence of a disease—chronic granu- 
lomatous disease of childhood (CGD)—char- 
acterized by an inherited enzymatic defect 
that results in the failure of production of 
H,O, during phagocytosis. Inhibition of the 
H,O,-myeloperoxidase-halide killing system 
makes these patients unusually susceptible to 
recurrent infections. 

(2) Myeloperoxidase-Independent Killing. Studies 
of myeloperoxidase-deficient leukocytes (a 
rare disorder) indicate that these cells are 
capable of effectively killing bacteria (albeit 
more slowly than control cells). This MPO- 
independent system also requires oxygen. Su- 
peroxide, singlet oxygen, and hydroxyl radi- 
cals, extremely reactive radicals also formed 
during oxidative metabolism, have been im- 
plicated in such killing.* However, the H,O,- 
myeloperoxidase-halide system is by far the 
most efficient in neutrophils.” 

Macrophages under various conditions 
also produce superoxide and H,O,, but do not 
contain MPO (monocytes do). They may thus 
kill bacteria by producing sufficient quantities 
of H,O, or other toxic radicals. 

b. Oxygen-independent bactericidal mechanisms. 

(1) Hydrogen ion, derived from the increased 
production of lactate or from the action of 
carbonic anhydrase, results in marked reduc- 
tion of intravacuolar pH. Few bacteria can 
continue to grow at a pH of 4.0, and many 
are actually killed by lactic acid. 

(2) The enzyme lysozyme attacks bacterial cell 
walls, especially those of gram-positive cocci, 
by hydrolyzing the muramic acid-N-acety] glu- 
cosamine bond, which is found in the glyco- 
peptide coat of all bacteria. 

(3) Arginine-rich cationic proteins (phagocytin) 
of neutrophils can also lyse bacterial mem- 
branes. 

(4) Lactoferrin, an iron-binding protein present 
in specific granules, is bactericidal. 

Following killing, acid hydrolases found in azuro- 


enzyme myeloperoxidase (MPO), and the bac- 
tericidal effect of hydrogen peroxide is multi- 
plied several-fold in the presence of myelope- 
roxidase plus a halide ion such as iodide, 
bromide, or chloride,®' chloride being the 
physiologically relevant ion. It is now thought 


phil granules serve to degrade the bacteria within 
phagolysosomes. The pH of the phagolysosome drops 
to 4-5 after phagocytosis,® this being the optimal pH 
for the action of such enzymes. 

Although most organisms are readily killed by the 
scavenger cells, some are sufficiently virulent to destroy 


their captor. Others, such as the tubercle bacillus, 
appear to survive happily within the phagocyte. Indeed, 
the persistence of organisms within phagocytes poses a 
problem in the eradication of such infections as tuber- 
culosis. Thus enclosed, the microorganism is protected 
against the action of antibacterial drugs as well as other 
defense mechanisms. When these phagocytic cells mi- 
grate through lymphatic pathways, infections such as 
tuberculosis may be spread. 


Extracellular Release of Leukocyte Products 


The membrane perturbations that occur in neutro- 
phils and monocytes after receptor-ligand binding dur- 
ing chemotaxis and phagocytosis result in the release of 
products not only within the phagolysosome, but also 
potentially into the extracellular space. The most im- 
portant of these products are (1) lysosomal enzymes; (2) 
oxygen-derived active metabolites, detailed earlier; and 
(3) products of arachidonic acid metabolism, including 
prostaglandins and leukotrienes. 

The actual release of lysosomal enzymes during 
phagocytosis occurs in three ways: 

1. As explained earlier, the phagocytic vacuole may 
remain transiently open to the outside before complete 
closure of the phagolysosome, permitting escape of 
lysosomal hydrolases.™ This is referred to as regurgita- 
tion during feeding. 

2. Reverse endocytosis (or frustrated phagocytosis) 
occurs when white cells are exposed. to potentially 
ingestible materials (such as immune complexes) on flat 
surfaces, such as capillary endothelium. Attachment of 
the immune complexes to the leukocyte triggers mem- 
brane movements, but because of the flat surface phag- 
ocytosis does not occur, and lysosomal enzymes are 
released into the medium. This interesting phenomenon 
occurs in certain forms of immune complex—induced 
glomerular injury (p. 1005). 

3. Cytotoxic release occurs when the neutrophil 
dies and is disrupted, its lysosomal enzymes rupturing 
into the extracellular space. Some particles (urate 
crystals® and silica®’) are toxic to lysosomal membranes, 
allowing intracellular release of lysosomal enzymes. 


Defects in Leukocyte Function 


The significance of emigration, chemotaxis, and 
phagocytosis in the body’s defense against bacterial 
infections cannot be underestimated. The most telling 
evidence for an in vivo role for these phenomena is the 
vulnerability to infection of patients suffering from a 
deficiency in any of the factors that may affect the white 
cell—from the moment it sticks to the endothelium, 
through its journey across the venular wall, to the 
ultimate battle within the phagolysosome. Although the 
diseases associated with these deficiencies are discussed 
in later chapters, it is useful here to list the basic defects 
that underlie the specific disorders of leukocytic func- 
tion:?!: 68, 69 
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1. Defects in numbers of circulating cells (e.g., neutro- 
penia, toxic depression of bone marrow resulting 
from radiotherapy or chemotherapy). 


2. Defects in adherence. These have been reported in 


diabetics, after acute alcohol intoxication, and after 
intake of certain drugs such as corticosteroids. 


3. Defects in migration and chemotaxis. These may be 


caused by: ' 

a. an intrinsic abnormality of leukocytes, resulting 
in impaired locomotion or response to chemotac- 
tic agents. Examples are the Chédiak-Higashi 
syndrome (a genetic disease in which there are 
several defects in leukocytes, including impaired 
chemotaxis), the “lazy leukocyte syndrome,’ and 
diabetes. 

b. a defect in chemotactic factor generation, such as 
genetic or acquired C5 deficiency, or immuno- 
globulin deficiency. 

c. serum chemotactic inhibitors; such inhibitors (for 
example, C5 inactivators) are present in small 
amounts in normal serum but are markedly in- 
creased in patients with cirrhosis, sarcoidosis, and 
other diseases. 

d. inhibitors of leukocyte locomotion; these include 
some drugs (chloroquine) and poorly defined 
serum factors present in patients with malignancy, 
rheumatoid arthritis, and other isolated diseases. 


4. Defects in phagocytosis. These may also be due to 


an intrinsic cellular defect (e.g., diabetes, neutrophil 
“actin dysfunction’) or a deficiency of immunoglob- 
ulin or complement, resulting in decreased opsoni- 
zation of particles. 


5. Defect in microbicidal activity. This may be due to: 


a. impaired H,O, production, such as in chronic 
granulomatous disease (CGD). This is an inher- 
ited, most commonly X-linked disease of male 
children and infants, characterized by recurrent 
infections and death at an early age. The neutro- 
phils do not develop the typical “respiratory 
burst’ upon phagocytosis. H,O, production is 
deficient, leading to failure of the important 
MPO-H,O, halide killing system. Catalase-posi- 
tive organisms (e.g., Staphylococcus aureus), 
which destroy the little H,O, that is produced, 
most frequently cause infections, while catalase- 
negative bacteria or bacteria that form their own 
H,O, are killed normally by CGD leukocytes. 

b. myeloperoxidase deficiency; this is a rare disorder. 
Because H,O, and O,~ themselves may be suffi- 
ciently bactericidal, most patients are in good 
health, although some have recurrent infections. 

c. severe deficiency of leukocyte glucose-6-phosphate 
dehydrogenase (G6PD); since this enzyme is re- 
quired to produce NAD(P)H in the HMP shunt, 
its absence results in H,O, deficiency and a defect 
similar to that seen in CGD. 


6. Mixed defects. In some diseases (e.g., diabetes, 


Chédiak-Higashi syndrome), more than one defect is 
involved. In the latter disease, for example, there is 
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neutropenia, impaired chemotactic response, de- 
layed or decreased fusion of lysosomes with phago- 
somes, and deficient degranulation. The disease is a 
rare autosomal recessive disorder, characterized by 
the presence of giant, lysosome-like granules in the 
leukocytes and other granule-containing cells. The 
basic defect may be in microtubule polymerization. 
Leukocyte defects increase the susceptibility of these 
patients to infection. As described later (p. 80), 
corticosteroids also interfere with a variety of leuko- 
cyte functions. 


CHEMICAL MEDIATORS OF INFLAMMATION 


Injury precipitates the inflammatory response, but 
released chemicals mediate it. Their existence was long 
suspected for two reasons: (1) Whatever the nature of 
the injury, the ensuing inflammatory changes consti- 
tuted a fairly uniform, almost stereotyped reaction. (2) 
Inflammation developed in tissues deprived of their 
nervous connections. We have already referred to the 
classic triple response described by Sir Thomas Lewis 
and to his suggestion that histamine or histamine-like 
substances were the cause of the stroke and wheal in 
this reaction. Some years later it became apparent that 
histamine could not account for all the features of 
inflammation. The active search for other mediators has 
uncovered a perplexing multitude of candidates. The 
list of possible mediators (almost all discovered from 
studies in vitro) increases almost daily. We must now 
determine which are significant in man and what roles 
each plays. 

Mediators can originate from plasma, from cells, or 
conceivably from damaged tissue. They can be divided 
into the following groups: 


1. Vasoactive amines: histamine and serotonin. 
2. Plasma proteases. 
a. the kinin system (bradykinin and kallikrein). 
b. the complement system (C3a; C5a; CS5b—C9). 
c. the coagulation-fibrinolytic system (fibrinopep- 
tides, fibrin degradation products). 
3. Arachidonic acid (AA) metabolites. 
a. via cyclooxygenase (endoperoxides, prostaglan- 
dins, thromboxane). 
b. via lipoxygenase (leukotriene; HPETE; HETE). 
c. nonenzymatically (chemotactic lipids). 
Lysosomal constituents (neutral proteases). 
Oxygen-derived free radicals. 
Acetylated alkyl phosphoglycerides (AGEPC). 
Lymphokines. 
Others. 


Sot a 


Vasoactive Amines 


Histamine and serotonin (5-hydroxytryptamine) are 
believed to be mediators in the immediate active phase 
of increased permeability. In humans, histamine is 
stored and is immediately available largely in the gran- 


ules of the mast cells and basophils, and in platelets. 
Serotonin is present in the mast cells of such rodents as 
rat and mouse, and in platelets.” These amines cause 
vasodilatation and increased vascular permeability, the 
latter being restricted to venules, as noted earlier. They 
have vasoconstrictor or dilator effects according to spe- 
cies; the relative activity of serotonin and histamine is 
also species dependent. For example, the rat is exquis- 
itely more reactive to serotonin than to histamine, 
whereas the reverse is true in humans. Histamine acts 
on the microcirculation mainly through H1-type recep- 
tors.” 

Many agents release amines from mast cells.“ Prin- 
cipal among these are (a) physical agents, such as trauma 
or cold; (b) immunologic reactions, through a well- 
known mechanism involving receptors on the mast cell 
surface that bind with IgE (p. 164); (c) C3a and C5a, 
fragments of complement that induce release of hista- 
mine from mast cells and thus increase permeability (for 
which reason they are called anaphylatoxins); (d) cat- 
ionic proteins, derived from neutrophil lysosomes; and 
(e) a variety of low-molecular-weight substances, such 
as polymyxin B and compound 48/80, which are potent 
mast cell degranulators and histamine liberators. 

Release of histamine following exposure to the 
stimulus involves fusion of perigranular membranes to 
the plasma membrane, and extrusion of the granules, 
followed by a complex process of regranulation.”? The 
mechanism of release® involves binding of the ligand 
with a cell receptor, activation of adenylate cyclase, 
elaboration of cyclic AMP, and, via phosphorylation of 
a still undefined intracytoplasmic protein, movement of 
the granule to the cell surface (see Fig. 5-4, p. 164). 

Histamine can be isolated from inflammatory sites 
in early inflammation, and H1 histamine antagonists 
suppress the immediate-transient response induced by 
mild injury. However, the content of histamine dwin- 
dles within the first 60 minutes, and antihistaminics 
have no effect on the delayed permeability responses. 
Thus, histamine is important mainly in early inflam- 
matory responses and in immediate IgE-mediated hy- 
persensitivity reactions. , 

Release of histamine and serotonin from platelets 
(the platelet release reaction) is stimulated when plate- 
lets aggregate after contact with collagen, thrombin, 
ADP, and antigen-antibody complexes. Platelet release 
is also activated by a factor produced by basophils and 
mast cells (platelet-activating factor [PAF]) during IgE- 
mediated reactions. In this way the platelet release 
reaction results in increased permeability during im- 
munologic reactions. As will be discussed later, PAF 
itself has inflammatory properties. 


Plasma Proteases 


Three interrelated systems—the complement, 
kinin, and clotting systems—are active within this cat- 
egory. The kinins are highly vasoactive; complement 
components are both vasoactive and chemotactic. 
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Figure 2—10. The complement system. 


THE COMPLEMENT SYSTEM.” This system consists 
of 18 component proteins (together with their cleavage 
products), which are found in greatest concentration in 
plasma. It functions in the immune system by mediating 
a series of biologic reactions, all of which serve in the 
defense against microbial agents. These include in- 
creased vascular permeability, chemotaxis, opsonization 
prior to phagocytosis, and lysis of target organisms. 

The complement system consists of activating and 
effector sequences. Activation occurs either via the 
classic pathway, initiated by antigen-antibody com- 
plexes, or by the alternate pathway, initiated by a 
variety of largely nonimmunologic stimuli. As a result 
of activation, proteolytic cleavage products are produced 
and it is these that have profound inflammatory effects. 
The cascade involved in the activation of these various 
proteins is shown in Figure 2-10. 

The classic pathway is initiated by binding of an 
antigen-antibody complex to Cl, which self-activates to 
Cl and cleaves C4 and C2; the resulting cleavage 
fragments form a complex C4b2a, also called C3 con- 
vertase. C3 convertase is an important enzyme, since it 
splits C3 into two critical fragmients, C3a and C3b. C3a 
is released but C3b forms a trimolecular complex with 
C4b2a (C5 convertase). (C3b is the opsonic C3 fragment 
alluded to earlier.) C5 convertase interacts with C5 to 
break off C5a; C5b combines with C6 and C7 into a 
C5b67 complex. Further malt of C5b67 with C8 and 


C9 produces C5b-9, the final lytic agent of complement. 
| 


| 
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In the alternative complement pathway (Fig. 2- 
10), C3 is activated directly (thus bypassing Cl, C4, 
and C2) by such stimuli as bacterial endotoxins, cobra 
venom, and aggregated globulins. The C3 convertase of 
this system is formed by interactions of Factors B, D, 
C3b in the presence of Mg (see also p. 167). 

The components of the complement system that 
have biologic activity in inflammation are as follows: 

1. C3a increases vascular permeability. In addition 
to being produced by the classic and alternative path- 
ways, C3 can be directly cleaved (at least in vitro) by 
plasmin, bacterial proteases, and other C3-cleaving en- 
zymes found in various tissues. 

2. C5a induces increased vascular permeability 
(being much more potent in this respect than C3a) and 
is highly chemotactic to neutrophils and monocytes. It 
is released by complement activation, or direct cleavage 
by trypsin, bacterial proteases, and enzymes found in 
neutrophil lysosomes and macrophages. ”. 

3. C3b is an important opsonin, recognizing recep- 
tors on neutrophils, macrophages, and eosinophils. 

4. C5b67 complex produced during activation of 
the complement system has no permeability effect but 
is a chemotactic agent. Its role in vivo is unclear. 

5. C5b-9 is the final lytic component of comple- 
ment and may be involved in injury to parenchymal 
cells. 

The permeability-increasing components of C3a 
and C5a are called “anaphylatoxins.” As mentioned 
earlier, they act mainly by liberating histamine from 
mast cells and platelets; their activity can be suppressed 
by antihistaminics, or by previous depletion of mast cell 
histamine. It is thus no surprise that they also induce 
vascular leakage through gaps in the endothelium of 
venules similar to those induced by histamine. C5a also 
activates the lipoxygenase pathway of arachidonic acid 
metabolism in neutrophils and macrophages, leading to 
the formation of additional mediators of increased 
permeability and chemotaxis from these cells. Concom- 
itant release of oxygen-derived radicals may also cause 
endothelial damage and production of other chemotactic 
lipids, as we shall see (p. 56). Thus, C5a in vivo is a 
powerful inflammatory agent. 

THE KININ SYSTEM. This system results in the ulti- 
mate release of the vasoactive nonapeptide bradykinin, 
a potent agent that increases vascular permeability. 
Bradykinin also causes contraction of smooth muscle, 
dilatation of blood vessels, and pain when injected into 
the skin. It is not chemotactic. The cascade that even- 
tually produces kinin is shown in Figure 2-11.” It 
begins with the activation of factor XII of the clotting 
system (Hageman factor) by contact with surface-active 
agents, such as glass, collagen, basement membrane 
material, cartilage, and endotoxin. A fragment of factor 
XII (prekallikrein activator, or factor XIIA) is produced, 
and this converts plasma prekallikrein into an active 
proteolytic form, the enzyme kallikrein. The latter 
cleaves a plasma-glycoprotein precursor, high-molecu- 
lar-weight kininogen (HMWK), to produce bradykinin 
(HMWK also acts as a cofactor or catalyst in the acti- 
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Figure 2—11. The plasma kinin generating system. 


vation of Hageman factor). The action of bradykinin is 
short-lived, since it is quickly inactivated by an enzyme 
called kininase. Of importance is that kallikrein itself is 
a potent activator of Hageman factor, allowing for 
autocatalytic amplification of the initial stimulus. Kalli- 
krein itself appears to have chemotactic activity, and 
causes aggregation of neutrophils in vitro.” 

THE CLOTTING SYSTEM. This is another group of 
plasma proteins that can be activated by Hageman 
factor. The final step of the cascade is the conversion of 
fibrinogen to fibrin by the action of thrombin. During 
this conversion fibrinopeptides are formed, which in- 
duce increased vascular permeability and chemotactic 
activity for leukocytes. 

The fibrinolytic system contributes to the vascular 
phenomena of inflammation in several ways, but mainly 
by means of the kinin system. Plasminogen activator 
(released from endothelium, leukocytes, and other tis- 
sues) or kallikrein cleaves plasminogen, a plasma protein 
that binds to the evolving fibrin clot to generate plasmin, 
a multifunctional protease. Plasmin is important in 
lysing fibrin clots, but in the context of inflammation it 
has the following actions: (1) it activates Hageman factor 
(XII), releasing XIIA, which initiates the cascade to 
generate bradykinin; (2) it cleaves C3, the third com- 
ponent of complement, to produce C3 fragments; and 
(3) it induces the formation of “fibrin-split products,” 
which may have _ permeability-inducing properties. 
Which of these actions is important in vivo is. still 
unknown. 

SUMMARY OF PLASMA PROTEASES (Fig. 2-12). 
From this discussion of the complex mediators gener- 
ated by the kinin, complement, and clotting systems, a 
few general conclusions can be drawn: 

1. The mediators most likely to be important in 
vivo are bradykinin, C3a, and C5a as mediators of 
increased vascular permeability, and C5a as the media- 
tor of chemotaxis. 

2. C3 and C5 are central because they can be 
generated (at least in vitro) by three different groups of 
influences: (a) classic immunologic reactions; (b) alter- 
nate complement pathway activation; and (c) agents with 
little immunologic specificity, such as bacterial products, 
plasmin, and some serine proteases found in normal 
tissue. In addition, C5a, by inducing chemotaxis, acti- 


vates leukocytes to elaborate or release other mediators, 
such as oxygen-derived free radicals and arachidonic 
acid metabolites. 

3. Activated Hageman factor (XIIA) initiates the 
clotting, fibrinolytic, and kinin systems (Fig. 2-12). Of 
interest is that the products of this initiation—kallikrein, 
XIIA, and plasmin, but particularly kallikrein—can by 
feedback activate Hageman factor, resulting in profound 
amplification of the effects of the initial stimulus. 


Arachidonic Acid Metabolites: The Prostaglandins 
and Leukotrienes 


The burgeoning field of research into arachidonic 
acid derivatives has established a role for these sub- 
stances in a variety of biologic processes, only one of 
which is inflammation. These compounds are involved 
in the processes of hemostasis and thrombosis and in 
cardiovascular, pulmonary, renal, and endocrine patho- 
physiology. Here we shall review briefly the arachidonic 
acid cascade and its major derivatives, and highlight 
those that appear to be important mediators of various 
aspects of the inflammatory response.” 

Prostaglandins and related compounds are _ best 
thought of as autacoids, or local short-range hormones, 
which are formed rapidly, exert their effects locally, and 
then decay spontaneously or are destroyed enzymati- 
cally.*? Although there are several possible pathways for 
arachidonic acid metabolism, it appears that specific 
cells are highly selective in their metabolism of this fatty 
acid; this selectivity can be linked, on the one hand, 
with the specific enzyme content of the cell, and on the 
other, with the function of the biologically active prod- 
ucts. 

Arachidonic acid (AA) is a 20-carbon polyunsatur- 
ated fatty acid (5,8,11,14-eicosatetraenoic acid) that is 
derived directly from dietary sources or by conversion 
from the essential fatty acid linoleic acid. It does not 
occur free in the cell but is normally esterified in 
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Cell Membrane Phospholipids 
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Figure 2—13. Arachidonic acid metab- 
olites in inflammation. The principal 
mediators and their actions are cited in 
the text. 
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membrane phospholipids, particularly in the 2 position 
of phosphatidylcholine and phosphatidylinositol. In or- 
der for arachidonic acid to be utilized by the cell to 
make prostaglandins, it must first be released from 
phospholipids. This is accomplished through the acti- 
vation of cellular phospholipases (phospholipase A2 and, 
in some cells, phospholipase C) by mechanical, chemi- 
cal, and physical stimuli or by other mediators (e.g., 
C5a). Following activation, biosynthesis of the metabo- 
lites of arachidonic acid occurs by one of two major 
pathways (Fig. 2—13). 

THE CYCLOOXYGENASE PATHWAY. A fatty acid cy- 
clooxygenase transforms arachidonic acid rapidly into 
the prostaglandin endoperoxide PGG,, which in turn is 
converted by enzymatic peroxidation into PGH,. In the 
conversion of PGG, to PGH,, a free radical of oxygen is 
generated. PGG, and PGH, stimulate platelet aggrega- 
tion and release, as well as contraction of vascular 
smooth muscle. Aspirin, indomethacin, and other non- 
steroidal anti-inflammatory drugs inhibit cyclooxygen- 
ase. PGH, is then converted enzymatically into three 
products: (1) thromboxane A, (TXA,) found in platelets 
and other cells, a short-lived (half-time of seconds), 
potent platelet aggregator and blood vessel constrictor; 
(2) prostacyclin (PGI,) found predominantly in the vessel 
wall, a potent inhibitor of platelet aggregation and 
vasodilator; and (3) in many sites the more stable 
prostaglandins PGE,, PGF,,, and PGD,, which have a 
variety of actions on vascular tone and permeability. 
Each of these steps is carried out by specific enzymes 
(e.g., thromboxane synthetase, prostacyclin synthetase) 
present within the target cell. 

THE LIPOXYGENASE PATHWAY. This pathway in- 
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volves the conversion of AA by fatty acid lipoxygenases 
into hydroperoxy derivatives [hydroperoxy eicosatetrae- 
noic acid (HPETE); 12 HPETE in platelets and 5 and 
15 HPETE in leukocytes]. HPETE may undergo per- 
oxidation to HETE, the latter being a potent chemotac- 
tic stimulus for neutrophils. 5 HPETE gives rise to the 
important leukotrienes, so designated because of their 
typical triene chain and their initial isolation from leu- 
kocytes. An unstable 5,6 epoxy derivative, leukotriene 
A, (LTA,), is then enzymatically converted to leukotriene 
B,, or by addition of a glutathione residue to leukotriene 
C,,. The latter is then converted to leukotriene D, (LTD,) 
and subsequently to leukotriene E,. Leukotriene B, is a 
potent chemotactic agent that causes aggregation of 
leukocytes, and LTC,, LTD,, and LTE, cause vasocon- 
striction, bronchospasm, and increased vascular perme- 
ability. | 

A third mechanism of arachidonic acid conversion 
has been uncovered recently: this involves the nonen- 
zymatic peroxidation of AA by oxygen-derived free 
radicals, leading to the elaboration of highly chemotactic 
lipids.88 The biochemical nature of these products is 
now under investigation. 

The principal actions of arachidonic acid metabo- 
lites are summarized in Table 2-1. The evidence for 
their involvement in inflammation is fast accumulating 
and can be summarized as follows: 

1. Prostaglandins and, more recently, leukotrienes 
have been detected in the fluids and exudates of inflam- 
matory reactions and in anaphylactic reactions in the 
lungs. 

2. Drugs such as aspirin and indomethacin, which 
have anti-inflammatory properties, inhibit the biosyn- 
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Table 2-1. INFLAMMATORY ACTIONS OF ARACHIDONIC ACID 


METABOLITES 
Action Metabolite 
Vasoconstriction Thromboxane A,, HPETE, 
Endoperoxides, Leukotriene 
C, & D, 
Vasodilatation PGI,, PGE,, PGE., PGD, 
Increased Vascular Leukotriene C,, D,, E, 
Permeability 
Chemotaxis Leukotriene B,, HHT, HPETE, 


HETE, Chemotactic lipids 


thesis of prostaglandins by acting on the enzyme cy- 
clooxygenase. Broad anti-inflammatory agents, such as 
the corticosteroids, probably work by inhibiting the 


action of phospholipases necessary for the conversion of 


phospholipids to arachidonic acid (p. 80). 

3. Prostaglandin E and prostacyclin are potent 
vasodilators and probably the most important mediators 
of inflammatory vasodilation. They do not directly in- 
crease permeability but markedly potentiate the perme- 
ability-increasing effects of other mediators, such as 
histamine and bradykinin.** These metabolites are not 
chemotactic but do potentiate the influx of leukocytes 
into an area of inflammation induced by other chemo- 
tactic mediators.*’ Whether these potentiating effects 
are due to the vasodilatation or to other mechanisms is 
uncertain. * 

4. The cysteinyl-containing leukotrienes C,, D,, 
and E, cause intense vasoconstriction and are at least 
1000 times as potent as histamine in increasing vascular 
permeability.*° The vascular leakage, as with histamine, 
is restricted to venules. Leukotrienes C,, D, and E, are 
also potent bronchoconstrictors and have now been 
identified as the previously described slow-reacting sub- 
stances of anaphylaxis (SRS-A) released from mast cells 
and basophils.%™ 

5. Leukotriene B, causes conspicuous aggregation 
and adhesion of leukocytes to venular endothelium and 
is a powerful chemotactic agent. Some of the other 
products of lipoxygenase metabolism, such as HETE, 
are also chemotactic. 

6. The prostaglandins are also involved in the 
pathogenesis of pain and fever in inflammation. PGE, 
causes a marked increase in pain produced by intrader- 
mal injection of suboptimal concentrations of histamine 
and bradykinin, and there is evidence that prostaglandin 
production may be one of the causes of fever during 
severe infections. 

Admittedly the story of prostaglandins, leuko- 
trienes, and similar products™:® is complex and un- 
doubtedly it will keep changing. Nonetheless for the 
time being it is clear that inflammatory stimuli induce 
the synthesis and release of arachidonic acid metabolites; 
that these metabolites contribute to the genesis of fever, 
pain, vasodilatation, increased vascular permeability, 
and leukocytic infiltration in inflammation; and that anti- 
inflammatory drugs such as aspirin, indomethacin, and 
corticosteroids, which influence arachidonic acid metab- 


olism, also influence the signs and symptoms of inflam- 
mation. These are compelling arguments for the impor- 
tance of AA products in the inflammatory response. 


Lysosomal Constituents 


Neutrophils and monocytes contain lysosomal gran- 
ules, which when released may contribute to the inflam- 
matory response. Neutrophils exhibit two types of gran- 
ules. The smaller specific granules contain alkaline 
phosphatase, lactoferrin, lysozyme, and (in human neu- 
trophils) collagenase. The large azurophil granules con- 
tain myeloperoxidase, cationic proteins, acid hydrolases, 
and some neutral proteases (elastase). The latter three 
are the lysosomal constituents that have potential in- 
flammatory activities. 

The cationic proteins include (a) an arginine-rich 
factor (band 2 protein) that increases vascular permea- 
bility by releasing histamine from mast cells;*° (b) pro- 
teins (band 1,3,4) that increase vascular permeability 
independent of histamine release; (c) a chemotactic 
factor for monocytes; and (d) a factor that appears to 
inhibit the movement of other neutrophils or eosino- 
phils.°’ Acid proteases degrade proteins at an acid pH. 
Their most likely action is to degrade bacteria and debris 
within the phagolysosomes, but in vitro they also de- 
grade basement membrane-—like material. It is doubtful 
whether they have an extracellular effect in vivo, since 
optimal low pH values for their action are not reached 
extracellularly. Neutral proteases, on the other hand, 
are capable of degrading various extracellular compo- 
nents. These enzymes (collagenase, elastase, cathepsin 
G, etc.) can attack collagen, basement membrane, fi- 
brin, elastin, and cartilage, resulting in the tissue de- 
struction characteristic of purulent and deforming in- 
flammatory processes. Neutral proteases can also release 
a kinin-like peptide from kininogen.” 

The monocytes and macrophages also contain acid 
hydrolases, collagenase, elastase, and plasminogen ac- 
tivator. These may be particularly active in chronic 
inflammatory reactions. 

Lysosmal constituents thus have numerous and 
profound effects. It is evident that the initial leukocytic 
infiltration, if unchecked, can potentiate further in- 
creases in vascular permeability, chemotaxis, and tissue 
damage. These harmful proteases, however, are held in 
check by a system of antiproteases in the serum and 
tissue fluids.°? Foremost among these is alpha-1-anti- 
trypsin, which is the major inhibitor of neutrophilic 
elastase. It follows, therefore, that a deficiency of these 
inhibitors may lead to unchecked action of leukocyte 
proteases, as is the case in patients with alpha-1-anti- 
trypsin deficiency (p. 721). Alpha-2-macroglobulin is 
another antiprotease found in serum and various secre- 
tions. 


Oxygen-Derived Free Radicals 


As we have seen, reactive oxygen metabolites elab- 
orated in neutrophils and macrophages after exposure 


to chemotactic agents, immune complexes, or a phago- 
cytic challenge may be released extracellularly. These 
metabolites have been implicated in the following re- 
sponses: (1) Endothelial cell damage with resultant 
increased vascular permeability.’ For example, acti- 
vation of C5a in vivo causes neutrophilic aggregation, 
endothelial cell damage, and increased permeability of 
lung capillaries; the last-named can be prevented by 
previous treatment of the animals with H,O, and OH: 
scavengers, which suggests that these species mediate 
the endothelial damage.'”! (2) Generation of chemotactic 
lipids nonenzymatically from arachidonic acid (see Fig. 
2-13). The superoxide ion and hydroxyl ions seem to 
be the active radical in this conversion.® (3) Inactivation 
of antiproteases, such as alpha-l-antitrypsin, discussed 
earlier. Potentially this may lead to unopposed protease 
activity with increased destruction of structural compo- 
nents of tissue, such as elastin. Inactivation appears to 
result from oxidation by hydroxyl ions (OH:) of meth- 
ionyl residues on the antiprotease molecule.” (4) Injury 
to other cell types (fibroblasts, red cells, parenchymal 
cells), ascribed to a variety of oxygen metabolites. 

It must be emphasized that serum, tissue fluids, 
and target cells possess antioxidant protective mecha- 
nisms that detoxify these potentially harmful oxygen- 
derived radicals.'°! These have been discussed in Chap- 
ter 1, but to repeat, they include: (1) the copper- 
containing serum protein ceruloplasmin; (2) the iron- 
free fraction of serum transferrin; (3) the enzyme su- 
peroxide dismutase, which is found or can be activated 
in a variety of cell types; (4) the enzyme catalase, which 
detoxifies H,O,; and (5) glutathione peroxidase, another 
powerful H,O, detoxifier. Thus, the influence of oxygen- 
free radicals in any given inflammatory reaction is the 
balance between the production and inactivation of 
these molecules by cells and tissues. 


Acetylated Glycerol Ether Phosphocholine 
(AGEPC; PAF) 


AGEPC belongs to the most recently described 
and novel class of lipid mediators.® Its biologic effect 
has been known for years as platelet activating factor 
(PAF), a factor derived from antigen-stimulated, IgE- 
sensitized basophils, which causes aggregation of plate- 
lets and release of their active constituents (such as 
histamine and serotonin). The chemical structure of 
PAF has been documented as AGEPC, and the mole- 
cule has been synthesized. In addition to platelet stim- 
ulation, AGEPC (in high doses) causes vasoconstriction, 
and at extremely low concentrations induces vasodila- 
tation and increased vascular permeability with a po- 
tency 100 to 10,000 times greater than that of hista- 
mine.” It also causes increased leukocyte adhesion in 
vitro'® and early leukocytic infiltration when injected 
into the skin.!°°4 Thus, AGEPC can elicit at least four 
of the five cardinal signs of inflammation. A variety of 
cell types, including basophils, neutrophils, and mono- 
cytes, can elaborate AGEPC. It remains to be seen 
whether AGEPC acts as a mediator in vivo directly, or 
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by releasing other mediators (e.g., leukotrienes)'™ or 


by both mechanisms. 


Lymphocyte Factors 


The lymphocyte is involved in the two major types 
of immunologic reactions: antibody formation and cell- 
mediated immunity (delayed hypersensitivity). In the 
latter reaction, sensitized T lymphocytes become acti- 
vated and release a variety of biologically active com- 
pounds, called lymphokines. Included are chemoattrac- 
tants for macrophages, neutrophils, and basophils; 
inhibitors of macrophage migration, and a factor that 
increases vascular permeability. Other lymphokines are 
more relevant to immunologic reactions and will be 
discussed on page 170. It is important to note, however, 
that lymphocytes may be abundant in nonimmunologic 
inflammation and can be activated in vitro by nonim- 
munologic means, such as exposure to surface-active 
plant lectins (concanavalin A and phytohemagglutinin). 


Other Mediators 


Other mediators that have chemotactic activity for 
leukocytes are fragments derived from the breakdown 
of collagen'® or fibronectin, and the platelet-derived 
growth factor!” (p. 76). These factors have additional 
roles in chronic inflammation and wound healing and 
are discussed further on page 76. 


Summary of Chemical Mediators 


Table 2-2 summarizes the major actions of the 
principal mediators. The multiplicity of proposed me- 
diators is eloquent testimony to the current excitement 
about the biochemical basis of inflammation, but also to 
the fact that we are still unsure of the precise events 
involved in mediation of the inflammatory response. 
When Sir Thomas Lewis suggested histamine, one 
mediator was clearly not enough. Now we may have too 
many. Yet from this morass we can tentatively extract a 
few mediators that may be relevant in vivo (Table 2-3). 
For increased vascular permeability, histamine, the 
anaphylatoxins (C3a and C5a), the kinins, and the leu- 
kotrienes (C and D) are almost certainly involved, at 
least early in the course of inflammation. For chemo- 
taxis, complement fragments (particularly C5a), AA li- 
poxygenase products (leukotriene B,), and other chem- 
otactic lipids are the most likely protagonists. Also, one 
cannot deny the important role of prostaglandins in 
vasodilatation, pain, and fever and in other ways as yet 
not understood. Lysosomal products, especially neutral 
proteases, and oxygen-derived radicals are the most 
likely candidates as causes of the ensuing tissue destruc- 
tion. 

Two points must be reemphasized before the dis- 
cussion of mediators is closed. The first is that the 
different mediator systems, although discussed sepa- 
rately, are intimately intertwined. One example, cited 
earlier, is the role of activated Hageman factor in the 
kinin, clotting, and fibrinolytic cascades. Another is the 
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Table 2-2. SUMMARY OF MEDIATORS 


Vascular Leakage 


Mediator Source 
Histamine and Mast cells, basophils, and + 
Serotonin platelets 
Kinins 
Bradykinin Plasma substrate + 
Kallikrein _- 
Complement 
C3a Plasma protein via liver; + 
C5a macrophages + 


Prostaglandins Most cells, from membrane Potentiate other 


phospholipids mediators 

Leukotrienes 

B, Leukocytes = 

C,, D4, Ey Leukocytes; mast cells + 
Lysosomal components 

Cationic proteins Leukocytes + 

Neutral proteases Leukocytes + 
Oxygen Leukocytes 

Metabolites 
AGEPC Mast cells + 

Other cells 


Action 
Chemotaxis Other 


Neutrophils Monocytes 


Pain 


= Opsonic fragment 
(C3b) 


Vasodilation, pain, fever 


I+ 


Bronchoconstriction, 
vasoconstriction 


Immobilization of 
neutrophils 
Tissue damage 


Endothelial damage, 
tissue damage 


Bronchoconstriction 


influence of chemotactic agents or phagocytic stimuli 
themselves on leukocytes; these result in activating the 
arachidonic acid cascade and releasing proteases and 
oxygen-derived free radicals from leukocytes. These 
interactions may explain prolonged inflammatory re- 
sponses, in which mediators may be activated in se- 
quence. The second point is that with all these mediators 
there seems to be an intelligent system of checks and 
balances. If not, we would all be red, bloated, and 
covered with exudate! But these chemicals either are 


Table 2-3. MOST LIKELY MEDIATORS IN INFLAMMATION 


Vasodilation 
Prostaglandins 


Increased Vascular Permeability 
Vasoactive amines 
C3a and C5a (through liberating amines) 
Bradykinin 
Leukotriene C, D, E 


Chemotaxis 
C5a 
Leukotriene B, 
Other chemotactic lipids 
Neutrophil cationic proteins 


Fever 
Endogenous pyrogen 
Prostaglandins 


Pain 
Prostaglandins 
Bradykinin 


Tissue Damage 
Neutrophil and macrophage lysosomal enzymes 
Oxygen metabolites 


tightly sequestered within cells or are present in plasma 
or tissue as precursor forms that must go through many 
steps before becoming activated. Thus, the biochemical 
mechanisms responsible for the rate-limiting steps in- 
volved are of primary importance in understanding 
inflammation. Conversely, once activated or released, 
these mediators are quickly inactivated or destroyed: 
otherwise, inflammation would never cease! Some of 
the inactivators are known, such as kininase, which 
destroys bradykinin; chemotactic factor inactivators, 
which neutralize C5a; antioxidants, which scavenge ox- 
ygen-derived free radicals; and antiproteases, which 
neutralize elastase and collagenase. Others are more 
obscure. It is evident, however, that the more we know 
about these checks and balances, the better we can 
modify the inflammatory response. 

The discussion of mediators completes the basic 
description of the relatively uniform pattern of the 
inflammatory reaction encountered in most injuries. 
Recall that, although hemodynamic, permeability, and 
white cell changes have been described sequentially 
and may be initiated in this order, all these phenomena 
in the fully evolved reaction to injury are concurrent in 
a seemingly chaotic but remarkably organized multi- 
ring circus. As might be expected, many variables may 
modify this basic process. Particularly important are (1) 
the nature and intensity of the injury, (2) the site and 
tissue affected, and (3) the responsiveness of the host— 
nutrition, adequacy of the cardiovascular system, drug 
therapy, existence of predisposing disorders such as 
diabetes mellitus and cancer, and the possible presence 
of previously acquired immunity to the offender, if it is 
indeed microbiologic in origin. 


Table 2-4. THE MONONUCLEAR PHAGOCYTE 
SYSTEM (THE RETICULOENDOTHELIAL SYSTEM) 


Stem Cells 

(Committed) 

Monoblasts BONE MARROW 
Promonocytes 

Monocytes BLOOD 
Macrophages TISSUES 


Inflammatory macrophages 

Liver (Kupffer cells) 

Lung (alveolar macrophages) 

Connective tissue (histiocytes) 

Bone marrow (macrophages) 

Spleen and lymph nodes (fixed and free 
macrophages) 

Serous cavities (pleural and peritoneal 
macrophages) 

Nervous system (microglial cells) 

Bone (osteoclasts) 

Skin (?Langerhans’ cells) 

Lymphoid tissue (?dendritic cells) 


THE MONONUCLEAR PHAGOCYTE SYSTEM 


The mononuclear phagocyte system (MPS) is the 
currently favored designation of the reticuloendothelial 
system (RES). Mononuclear phagocytes have always 
been known as the scavenger cells of the body. This 
traditional role, known since Metchnikoff, remains one 
of their most important functions. In inflammation, they 
are abundant after the early stages, when they avidly 
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engulf and digest foreign particles, debris from injured 
cells, red cells, proteins that have leaked out, and even 


their predecessors, the neutrophils, after the latter have 
finished their own job of ingestion. Recent research, 
however, has established that macrophages have much 
wider functions in biology and pathology.’!° They 
have a fundamental role in specific immunity through a 
relationship that has developed with the lymphocyte, a 
role that will be further developed in the chapter on 
immunity (Chapter 5). Here we shall briefly review the 
normal physiology of macrophages and their established 
or postulated roles in inflammation. | 

Monocytes and macrophages belong to the system 
of mononuclear phagocytes (Table 2-4). The MPS con- 
sists of cells in the bone marrow, peripheral blood, and 
tissues that are highly specialized for the function of 
endocytosis (pinocytosis and phagocytosis) and intracel- 
lular digestion. In connective tissue they are frequently 
termed ‘histiocytes. They originate from a committed 
stem cell in the bone marrow through a monoblast stage 
to form the promonocytes. Promonocytes are capable of 
rapid division, giving rise to the peripheral blood mon- 
ocyte. The blood monocyte is a smaller cell, is more 
functionally active, does not divide, and forms 4 to 8% 
of the total white count. Its average transit time in the 
blood is about 32 hours, appreciably longer than that of 
the neutrophil or eosinophil. The monocyte is charac- 
terized by large numbers of pinocytotic vesicles, ruffling 
of surface membrane, a variable number of lysosomes, 
and an active Golgi apparatus (Fig. 2-14). 

The origin and turnover of all the tissue macro- 
phages in Table 2-4 are not precisely known, but the 
evidence suggests that they also are derived from blood 
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Figure 2-14. Electron micrograph of peripheral blood monocyte (left) and lymphocyte. Note the 
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abundant cytoplasm, indented nucleus, ruffled surface membrane, and lysosomes of monocyte. 


60 


or marrow precursors by way of blood monocytes. This 
evidence is most compelling for the alveolar macro- 
phages, peritoneal cells, and Kupffer cells. 

There is little question now that the origin of the 
majority of macrophages in inflammation is the blood 
monocyte.'''! The conclusive experiments involved 
“marking of the monocytes, either by previous injec- 
tions of *H-thymidine (which is incorporated only by 
the precursor monocyte in the bone marrow) or with a 
evtoplasmic marker in the form of a phagocytized par- 
ticle such as carbon. Identification of such circulating 
labeled cells within inflammatory lesions (taken together 
with the appropriate experimental controls) indicated 
the source of inflammatory macrophages to be blood 
monocytes. 

Macrophages from various sites share some general 
properties that make them unique. The morphologic 
characteristics should be well-known. The cells are 
highly mobile (although slower than neutrophils). They 
are capable not only of phagocytosis of relatively large 
particles but also of pinocytosis of soluble molecules 
smaller than 10 nm. The uptake of particles is carried 
out in part as a result of the presence on the macrophage 
of cell surface receptors for the Fc fragment of immu- 
noglobulin and the third component of complement 
(C3b). Macrophages possess a large repertoire of hydro- 
Ivtic enzymes, which explains their capacity to degrade 
various materials rapidly. Finally, mononuclear phago- 
cvtes have the property of becoming “activated” by 
external stimuli. The term “activated macrophage’ re- 
fers to cells that are larger and have a more ruffled 
cytoplasm, increased numbers of mitochondria, in- 
creased levels of hydrolytic enzymes and lysosomes, 
greater membrane activity with increased endocytosis, 
more active metabolism, and a greater ability to kill 
both intracellular bacteria and malignant tumor cells. 
This state of activation can be triggered by (1) interaction 
with immune-sensitized T lymphocytes, as occurs in cell- 
mediated reactions (p. 170); or (2) nonimmunologic 
direct interactions that “perturb” the cell membrane, 
such as contact with fibronectin-coated surfaces. certain 
bacterial products (such as endotoxin), or other chemi- 
cals. 

Recently it has emerged that these stimulated 
macrophages secrete a wide variety of products, many 
of which are active in inflammation. The spectrum of 
biologic activities induced is phenomenal—and all from 
one cell type!!!” Further, the versatility of the mac- 
rophage is such that secretion of these products can be 
regulated (increased or decreased) by interactions be- 
tween the cell and its environment—other cells (e.g., 
lymphocytes), connective tissue components (e.g., fi- 
bronectin), and serum (complement), as well as exoge- 
nous agents. Since in addition the macrophages are 
long-lived and can readily migrate to all tissues, their 
secretory properties may affect many pathophysiologic 
responses. 

Among the important classes of macrophage prod- 
ucts are the following: 

1. Neutral proteases, such as plasminogen activa- 
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tor, which activates the elaboration of the fibrinolytic 
agent plasmin; and collagenase and elastase, which 
degrade connective tissue components. 

2. Complement components of both the classic and 
alternate pathways. 

3. Coagulation factors (e.g., Factor V. thrombo- 
plastin), which may be important in converting fibrino- 
gen to fibrin locally. 

4. Chemotactic factors for neutrophils. 

5. Arachidonic acid metabolites, both cyclooxygen- 
ase and lipoxygenase products, which cause vasodilata- 
tion, increased vascular permeability. and chemotaxis. 

6. Reactive oxygen metabolites. 

7. Growth-promoting factors for fibroblasts, blood 
vessels, and myeloid progenitor cells. 

8. Interleukin I, a polypeptide with far-ranging 
activities including lymphocyte activation, fever produc- 
tion (endogenous pyrogen), and stimulation of specific 
protein synthesis by other cells (e.g.. acute-phase pro- 
tein in liver; collagenase in fibroblasts). 

9. Other biologically active agents that cause in- 
flammation (AGEPC) or have antiviral activitv (inter- 
feron). 

Although some of these factors seem to be harmful 
to the individual, the overall effect is beneficial. Mac- 
rophages are in a sense allies but, like all powerful 
allies, they are to be respected and occasionally feared! 

Besides its importance in inflammation and immu- 
nitv, MPS (particularly the Kupffer cells of the liver and 
splenic macrophages) is the main line of defense against 
bacteria in the bloodstream and serves to control the 
hematogenous dissemination of organisms. The svstem 
is also involved in the removal and phagocytosis of 
unwanted materials floating about in the blood or se- 
questered in organs. Included are obsolescent or injured 
red cells, white cells, and platelets; coagulation prod- 
ucts; antigen-antibody complexes; and foreign macro- 
molecules such as complex lipids and carbohydrates 
synthesized by the body in some of the inborn errors of 
metabolism (the basis for so-called storage diseases) (p. 
142). The capacity of MPS to recognize such products 
is remarkable. When dead or injured cells are coated 
with antibody, they are selectively filtered out by the 
surveillance system, even though they do not appear to 
be morphologically abnormal. Thus, the system of 
phagocevtic cells becomes extremely active in a wide 
variety of hemolvtic diseases and anemias and, as we 
shall see, it is these cells that accumulate hemosiderin 
in various iron overload states (p. 924). 


THE ROLE OF LYMPHATICS AND LYMPH 
NODES 


The system of lymphatics and lymph nodes filters 
and “polices” the extravascular fluids. Together with the 
mononuclear phagocyte system, it represents a secon- 
darv line of defense that is called into play whenever a 
local inflammatory reaction fails to contain and neutral- 
ize injury. 

Lymphatics are extremely delicate channels that 


are difficult to visualize in ordinary tissue sections 
because they readily collapse. They are lined by contin- 
uous thin endothelium with loose, overlapping cell 
junctions; scant basement membrane; and no muscular 
support, except in the larger ducts. Lymph flow in 
inflammation is increased and helps drain the edema 
fluid from the extravascular space. Because the junctions 
of lymphatics are loose, lymphatic fluid eventually equi- 
librates with extravascular fluid. It has always been a 
mystery, however, when the lymphatic channels, so 
thin and without support, do not collapse under the 
pressure of the edema in the regions of inflammatory 
reactions. This seems to have been explained by the 
demonstration of delicate fibrils attached at right angles 
to the walls of the lymphatic channel and extending into 
the adjacent tissues. When fluid pressure mounts in the 
extravascular space, it exerts traction on: these fibrils, 
which then open up the lymphatics and maintain their 
patency.'!* The traction may further widen the intercel- 
lular junctions and provide more ready access for mac- 
romolecules themselves. Not only fluid, but leukocytes 
and cell debris may find their way into lymph. 

In severe injuries the drainage may transport the 
offending agent, be it chemical or bacterial. The lym- 
phatics may become secondarily inflamed (lymphangi- 
tis), as may the draining lymph nodes (lymphadenitis). 
Therefore, it is not uncommon in infections of the hand, 
for example, to observe red streaks along the entire arm 
up to the axilla following the lymphatic channels, accom- 
panied by painful enlargement of the axillary lymph 
nodes. The nodal enlargement is usually caused by 
hyperplasia of the lymphoid follicles and also by hyper- 
plasia of the phagocytic cells lining the sinuses of the 
lymph nodes. This constellation of nodal histologic 
changes is termed reactive or inflammatory lymphad- 
enitis. 

Fortunately, the secondary barriers sometimes con- 
tain the spread of the infection, but in some instances 
they are overwhelmed, and the organisms drain through 
progressively larger channels and gain access to the 
vascular circulation, thus inducing a bacteremia. The 
phagocytic cells of the liver, spleen, and bone marrow 
contribute the next line of defense, but in massive 
infections, bacteria seed distant tissues of the body. The 
heart valves, meninges, kidneys, and joints are favored 
sites of implantation for blood-borne organisms, and in 
such a fashion endocarditis, meningitis, renal abscesses, 
and septic arthritis may develop. 


CHRONIC INFLAMMATION 
DEFINITION AND CAUSES 


Thus far, we have described the inflammatory 
process in the early reaction to local injury—acute 
inflammation—usually seen when the stimulus is tran- 
sient, such as an allergic wheal, a mild burn, or an 
avirulent infection that is rapidly cleared by the host 
response. Some of these acute reactions disappear com- 
pletely, while others are repaired by processes to be 
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discussed in the next section (Repair). In contrast, some 
inflammatory stimuli may go on for weeks, months, or 
even years, as in some persistent infections and self- 
perpetuating immunologic reactions. Persistent inflam- 
matory stimuli lead to chronic inflammation. Although 
the transition from acute to chronic is often difficult to 
pinpoint, chronic inflammatory responses have some 
features sufficiently unique to warrant a separate de- 
scription. 

Clinically, chronic inflammation in various organs 
arises in three ways: 


1. It may follow acute inflammation, either because of 
the persistence of the inciting stimulus, or because 
of some interference in the normal process of healing. 
For example, infection of the lung by some species 
of bacteria may begin as an acute inflammation 
(pneumonia), but persistence of these organisms or 
their products leads to tissue destruction, a smolder- 
ing inflammation, and a chronic lung abscess. 

2. It may be due simply to repeated bouts of acute 
inflammation, with the patient showing successive 
attacks of fever, pain, and swelling. Here, histologic 
examination will show evidence of acute inflamma- 
tion and healing (between attacks), as seen in recur- 
rent infections of the gallbladder (cholecystitis) and 
kidney (pyelonephritis). 


3. More curiously, chronic inflammation may begin 


insidiously as a low-grade smoldering response that 
does not follow classic symptomatic acute inflamma- 
tion. It is this last form that includes some of the 
most common and disabling diseases of humans, such 
as rheumatoid arthritis, tuberculosis, and chronic 
lung disease. Such diseases occur in one of the 
following settings: 

a. persistent infection by intracellular microorga- 
nisms (e.g., tubercle bacilli, viral infection), which 
are of low toxicity but evoke an immunologic 
reaction. 

b. prolonged exposure to nondegradable but poten- 
tially toxic substances (e.g., silicosis in the lung). 

c. immune reactions perpetuated against the indi- 
vidual’s own tissues (autoimmune diseases, such 
as rheumatoid arthritis). 


CELLS AND MEDIATORS 


The histologic hallmarks of chronic inflammation 
are (1) infiltration by mononuclear cells, principally 
macrophages, lymphocytes, and plasma cells; (2) prolif- 
eration of fibroblasts and, in many instances, small 
blood vessels (Fig. 2-15); and (3) increased connective 
tissue (fibrosis). 

Infiltration by monocytes/macrophages is a partic- 
ularly important component of chronic inflammation. As 
discussed previously, monocytes begin to emigrate 
rather early in acute inflammation, and within 48 hours 
constitute the predominant cell type. When the mono- 
cyte reaches the extravascular tissue it undergoes trans- 
formation into a much larger cell, the macrophage, 
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Figure 2—15. Focus of chronic inflammation showing infiltration by mononuclear cells and proliferation 
of fibroblasts and small vessels. (From Sholley, M. M., et al.: Endothelial proliferation in inflammation. 
|. Autoradiographic studies following thermal injury to the skin of normal rats. Am. J. Pathol. 89:277, 
1977.) 


which may become “activated,” as described earlier. In 
short-lived acute inflammation, if the irritant is elimi- 
nated, these macrophages eventually disappear (either 
dying off or making their way into the lymphatics and 
lymph nodes). If the injurious agent is not eliminated, 
as occurs with a tuberculous infection, with some im- 
munologic reactions, or in the presence of a stubborn 
irritant, macrophages persist for prolonged periods of 
time. 

Accumulation of macrophages occurs in three ways, 
each predominating in different types of infection:'!° 

1. Continued recruitment of monocytes from the 
circulation, which results from the steady release of 
chemotactic factors. This is numerically the most im- 
portant source for macrophages. As previously dis- 
cussed, chemotactic stimuli for monocytes include C5da, 
fibrinopeptides, neutrophilic cationic proteins, a lym- 
phokine from antigen-stimulated lymphocytes, and frag- 
ments from the breakdown of collagen and fibronectin. 
Each of these may play a role under given circumstan- 
ces; for example, lymphokines are almost certainly in- 
volved during delayed hypersensitivity immune reac- 
tions. 

2. Local proliferation (by mitotic division) of mac- 
rophages after their emigration from the bloodstream. 
We have no idea what triggers this division, but no 
more than two cycles of division occur. 

3. Prolonged survival and immobilization of mac- 
rophages within the site of inflammation. This is espe- 


cially evident when irritants such as inert lipids and 
carbon particles are of low virulence. 

The mechanisms that lead to the recruitment and 
proliferation of fibroblasts and to collagen accumulation 
in chronic inflammation are less well understood.!!® A 
factor derived from platelets (platelet-derived growth 
factor)''’ as well as proteolytically cleaved fibronectin!’ 
is chemotactic to fibroblasts in vitro. The _platelet- 
derived growth factor, and factors derived from macro- 
phages and lymphocytes, cause fibroblast proliferation 
and increased collagen accumulation in vitro (p. 77).!'° 
It is tempting to speculate that macrophages and lym- 
phocytes, both of which are invariably present in the 
chronic phases of immune and nonimmune inflamma- 
tory reactions, may interact with each other or with 
other stimuli, leading to the elaboration of factors that 
induce fibrous tissue proliferation. Whatever the mech- 
anism, continued fibroblast proliferation and collagen 
deposition are followed by considerable scarring, with 
resultant deformities, e.g., narrowing of the bowel and 
adhesions between serosal surfaces. 

The mechanisms of vascular proliferation and col- 
lagen deposition are discussed on page 76. 

Other types of cells present in chronic inflammation 
are plasma cells, lymphocytes, eosinophils, and mast 
cells. Plasma cells produce antibody, directed either 
against persistent antigen in the inflammatory site or 
against altered tissue components (Fig. 2-16). Lympho- 
cytes are called for in both antibody and cell-mediated 
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Figure 2-16. Chronic inflammation of the fallopian tube. The sub- 
epithelial connective tissue is infiltrated with mononuclear white 
cells, principally plasma cells marked by eccentric nuclei (arrows). 
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immunologic reactions, but also, for unknown reasons, 
in nonimmunologic inflammation. Eosinophils are char- 
acteristic of immunologic reactions mediated by IgE 
and of parasitic infections, but also are often present for 
obscure reasons. Eosinophils respond to chemotactic 
agents derived largely from mast cells (p. 49), and are 
phagocytic, although to a much lesser degree than are 
neutrophils. Because they appear late in hypersensitiv- 
ity reactions, it has been suggested that they serve to 
terminate such reactions by degrading chemical media- 
tors, and indeed eosinophil granules contain histami- 
nase, which is capable of oxidative deamination of 
histamine. 

It should be pointed out that, although polymor- 
phonuclear leukocytes are usually considered the hall- 
marks of acute inflammation, many forms of chronic 
inflammation, lasting for months, continue to show large 
numbers of neutrophils and to form pus. In chronic 
inflammation of bone (osteomyelitis), a neutrophilic 
exudate can persist for many months. In actinomycosis, 
a disease induced by organisms with a particular ability 
to attract neutrophils, the center of the lesion abounds 
with neutrophils months or years after the initial infec- 
tion. Here, then, chronic and acute responses are simply 
superimposed. Conversely, the presence of lymphocytes 
does not always mean that inflammation has been pres- 
ent for long periods. This is especially true of viral 
infections. In acute viral hepatitis or viral myocarditis, 


Figure 2—17. A granuloma with a central Langhans’-type giant cell surrounded by chronic inflammatory 
infiltrate. 
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for example, lymphocytes predominate even in the first 
few days of the acute disease. 


CHRONIC GRANULOMATOUS INFLAMMATION 


Some agents evoke a distinctive pattern of chronic 
inflammation referred to as granulomatous inflamma- 
tion. Granulomatous diseases, such as tuberculosis, lep- 
rosy, and. schistosomiasis, are of major, worldwide, 
public health importance. Granulomas are small, 0.5- 
to 2-mm collections of modified macrophages called 
“epithelioid cells,” usually surrounded by a rim of 
lymphocytes (Fig. 2-17). The modified macrophages 
have abundant, pale-pink, plump cytoplasm, resembling 
an epithelial cell. Like all macrophages, epithelioid cells 
are derived from blood monocytes, but the reason for 
their transformation to this peculiar cell type is poorly 
understood. They are much less phagocytic than mac- 
rophages but are rich in endoplasmic reticulum, Golgi 
apparatus, vesicles, and vacuoles. Their appearance 
suggests that the cells may be adapted for extracellular 
secretion rather than phagocytosis. !”° 

Another feature of the granuloma is the presence 
of Langhans or foreign body-type giant cells. These 
are formed by the coalescence and fusion of macro- 
phages, with only rare internal nuclear division. They 
may achieve diameters of 40 to 50 w and may contain 
as many as 50 nuclei. The nuclei are sometimes arranged 
around the periphery (creating a horseshoe pattern), 
giving rise to the traditional Langhans -type giant cell 
(Fig. 2-18). Giant cells also are formed in the presence 
of large amounts of indigestible material, and indeed 


they often conglomerate around a foreign body and have 
scattered nuclei (hence the term foreign body-type giant 
cell) (Fig. 2-19). 

Fibroblasts, plasma cells, and at times neutrophils 
can be seen in a granuloma, but the presence of the 
characteristic cell (the epithelioid cell) is required for 
the diagnosis of granulomatous inflammation. The di- 
agnosis of granulomatous inflammation based on lymph 
node biopsy significantly limits the number of possible 
etiologies. The classic example of granulomatous disease 
is tuberculosis, but sarcoidosis, deep fungal infections, 
reactions to a foreign body, brucellosis, schistosomiasis, 
cat-scratch fever, syphilis, and leprosy all evoke this 
pattern. In clinical practice, the most common causes 
are reaction to a foreign body, tuberculosis, and sarcoi- 
dosis. 

In tuberculosis, the granuloma is referred to as a 
tubercle and is classically characterized by the presence 
of central caseous necrosis. In contrast, caseating necro- 
sis is rare in other granulomatous diseases. The mor- 
phologic patterns in the various granulomatous diseases 
may be sufficiently different to allow reasonably accurate 
diagnosis by an experienced pathologist (Table 2-5): 
however, there are so many atypical presentations that 
it is always necessary to identify the specific etiologic 
agent. The agent can be identified histologically (as in 
the case of a refractile foreign body that can be detected 
by polarization microscopy), by special stains for organ- 
isms (e.g., acid-fast stains for tubercle bacilli), by culture 
methods (TB, fungus), and by serologic studies (e.¢., 
syphilis). In sarcoidosis, the etiologic agent is unknown 
and the diagnosis is made by a combination of histologic 


Fig. 2-18 
Figure 2-18. Detail of a Langhans’-type giant cell in the margin of a tubercle. 
Figure 2-19. Detail of a foreign body—type giant cell containing a foreign body. 


Fig. 2-19 
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Table 2-5. MAJOR GRANULOMATOUS INFLAMMATIONS 


Rear ene eee eee e eee eee ee eee ee ene eee renee eee neers 


Disease Cause 


Tissue Reaction 


a 


Tuberculosis Mycobacterium tuberculosis 


Sarcoidosis Unknown 


a 


Certain fungal infections 


Noncaseating tubercle (Granuloma prototype): A focus of 
epithelioid cells, rimmed by fibroblasts, lymphocytes, 
histiocytes, occasional Langhans’ giant cell. Caseating 
tubercle: Central amorphous granular debris, loss of 
all cellular detail. 


Noncaseating granuloma: Giant cells (Langhans’ and 
foreign body types); asteroids in giant cells; oc- 
casional Schaumann’s body (concentric calcific con- 
cretion). 


Granuloma usually larger than single tubercle with 
central granular debris; often contains causal or- 
ganism and recognizable neutrophils. 


Cryptococcus neoformans 


Organism is yeast-like, sometimes budding; 5 to 10 py: 
large, clear capsule. 


NN eee 


Blastomyces dermatitidis 


Coccidivides immitis 


Organism is yeast-like, budding: 5 to 15 mw; thick. 
doubly refractile capsule. 


Organism appears as spherical (30-80 pf) cyst con- 
taining endospores of 3 to 5 mw each. 


eS SS 008000 —0 OOOO eS 


Syphihs Treponema pallidum 


Gumma: Microscopic to grossly visible lesion, en- 
closing wall of histiocytes, fibroblasts and lympho- 
cytes; plasma cell infiltrate; center cells are necrotic 
without loss of cellular outline. 


pe hee A ee i ee eS SS SSS SS SS SSS 


Cat-scratch fever Unknown 


Rounded or stellate granuloma containing central 
granular debris and recognizable neutrophils; giant 
cells uncommon. 


i a eS SS SSS SSS EE See 


Actinomycosis Actinomyces bowls 


Granulomatous rim) enclosing necrouc and viable 
polymorphonuclear leukocytes as well as “sulfur 


eranules.” 


ee en 


features (absence of caseation necrosis), by clinical find- 
ings (p. 390), and by excluding other specific agents. 

Two factors appear to determine the formation of 
granulomas. One factor is evident—the presence of 
indigestible organisms (such as the tubercle bacillus) or 
particles (such as mineral oil, complex polysaccharides, 
and polymers). In addition, experimental studies indi- 
cate that granulomatous inflammation is potentiated by, 
or sometimes requires, the presence of cell-mediated 
immunity to the inciting agent.'*°'> Indeed, a T-lym- 
phocyte product (lymphokine) enhances the transfor- 
mation of monocytes to multinucleate giant cells in 
culture. !° 

To summarize, granulomatous inflammation is a 
specific type of chronic inflammation characterized by 
accumulations of modified macrophages (epithelioid 
cells) and initiated by a variety of infectious and nonin- 
fectious agents. The presence of poorly digestible irri- 
tants or cell-mediated immunity to the irritant, or both, 
appears to be necessary for granuloma formation. 


MORPHOLOGIC PATTERNS IN ACUTE 
AND CHRONIC INFLAMMATION 


The severity of the reaction, its specific causation, 
and the particular tissue and site involved all introduce 


morphologic variations in the basic themes of acute and 
chronic inflammation. For example, the fluid, plasma 
protein, and cell content of an exudate depend on the 
specific causative agent and its intensity. Thus, major 
characteristic patterns of acute and chronic inflammation 
can be differentiated on the basis of the nature of the 
exudate and on the morphologic variables introduced 
by location. 

SEROUS INFLAMMATION. This pattern is marked by 
the outpouring of a thin fluid that, according to the site 
of injury, is derived from either the blood serum or the 
secretions of serous mesothelial cells—i.e., the cells 
lining the peritoneal, pleural, and pericardial cavities 
and the joint spaces. The skin blister resulting from a 
burn is a simple example of a serous exudate (Fig. 2- 
20). The blister represents a large accumulation of fluid, 
either within or immediately beneath the epidermis of 
the skin. This type of exudate, seen early in the devel- 
opment of most acute inflammatory reactions, is the 
dominant pattern in mild injuries and is characteristic 
of certain causative agents, such as tuberculous pleuritis, 
often referred to as pleurisy with effusion. 

FIBRINOUS INFLAMMATION. The exudation of large 
amounts of plasma proteins, including fibrinogen, and 
the precipitation of masses of fibrin are characteristic of 
certain severe inflammatory responses. They are also 
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Figure 2—20. A low-power view of a cross section of a skin blister. 
The epidermis has been lifted off the dermis by the focal collection 
of fluid. 


characteristic of specific types of inflammation, such as 
rheumatic involvement of the pericardial cavity. Here 
the pericardial space may become virtually filled with 
large masses of fibrin. When the epicardium is stripped 
from the pericardium, the rubbery, adherent fibrin coats 
both surfaces, simulating the appearance of two slices 
of buttered bread when pulled apart (“bread and butter” 
pericarditis) (Fig. 2-21). Histologically, fibrin is readily 
identified by its tangled, threadlike eosinophilic mesh- 


Figure 2-21. A gross view of the heart with a massive, fibrinous, 
“pread and butter” pericarditis. 


phous fibrinous exudate. 


work, although it occasionally presents as large masses 
of solid amorphous eosinophilic coagulum (Fig. 2-22). 

A fibrinous exudate carries implications not en- 
countered with serous exudates. It invites ingrowth of 
fibroblasts and capillary buds, which transform the 
proteinaceous precipitate into a vascularized connective 
tissue, a process referred to as organization of the 
exudate. Organization of a fibrinous pleuritis or pericar- 
ditis may obliterate these serosal cavities and hamper 
the function of the organs now tied down to surrounding 
structures. Happily, all fibrinous exudates do not follow 
such a path, and many are resorbed by fibrinolysis, 
referred to as resolution of the exudate. 

SUPPURATIVE OR PURULENT INFLAMMATION. This 
form of inflammation is characterized by the production 
of large amounts of pus or purulent exudate. Certain 
organisms (e.g., staphylococci) produce this localized 
suppuration and are therefore referred to as pyogenic 
(pus-producing) bacteria. A common example of an acute 
suppurative inflammation is acute appendicitis. Here, 
masses of polymorphonuclear leukocytes are found dif- 
fusely or in focal aggregates throughout the mucosa, 
submucosa, muscularis, and subserosal regions, and 
coagulated pus may layer the surface as well as fill the 
lumen (Figs. 2-23 and 2-24). Abscesses (see below) are 
an example of a localized suppurative inflammation. 

Although the various types of exudative reactions 
have been described separately, mixed patterns develop 
in many inflammations and are termed serofibrinous or 
fibrinopurulent. Moreover, the exudation may begin as 
a serous response in any single inflammatory reaction 
and, with extension and increasing severity of the re- 
action, may become predominantly fibrinous and ulti- 
mately change into a suppurative exudate. 

ABSCESSES. An abscess is a localized collection of 
pus caused by suppuration buried in a tissue, organ, or 
confined space. It is usually produced by the deep 
seeding of pyogenic bacteria into a tissue. In its early 
stages, an abscess is a focal accumulation of neutrophils 
in a space created either by the separation of preexisting 
cellular elements or by the liquefactive necrosis of the 
native cells of the tissue. As it develops, it may expand 


Figure 2-23. A gross view of acute appendicitis. The covering 
serosa is heavily layered with a pale fibrinosuppurative exudate. 


as a result of the progressive necrosis of surrounding 
cells. The central region at this time appears as a mass 
of granular, acidophilic, amorphous, semifluid debris 
composed of the necrotic white cells and tissue cells. 
There is usually a zone of preserved neutrophils about 
this necrotic focus, and outside this region vascular 
dilation and parenchymal and fibroblastic proliferation 
occur, indicating the beginning of repair. In time, the 
abscess may become walled off by highly vascularized 
connective tissue that serves as a limiting barrier to 
further spread. 

Healing of an abscess (to be described under Re- 
pair) can occur only after the suppurative exudate and 
necrotic debris have been removed, since their presence 
still provokes inflammation. Removal may be accom- 
plished when the abscess burrows to the surface of the 
organ or tissue (pointing) and discharges its contents by 
rupture, or by surgical drainage. If evacuation of the 
abscess does not occur, healing may still take place after 
total proteolytic digestion of the accumulated tissue and 
cellular debris. This watery digestate may then be 
resorbed into the blood. 

Utcers. An ulcer is a local defect, or excavation, 
of the surface of an organ or tissue, which is produced 
by the sloughing (shedding) of inflammatory necrotic 
tissue. Ulceration can occur only when an inflammatory 
necrotic area exists on or near a surface. It is most 
commonly encountered in three situations: (1) inflam- 
matory necrosis of the mucosa of the mouth, stomach, 
or intestines; (2) subcutaneous inflammations of the 
‘lower extremities in older individuals who have circu- 
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latory disturbances that predispose to extensive necrosis; 
and (3) inflammation of the cervix or the uterus. 

Such lesions are best exemplified by the peptic 
ulcer of the stomach or duodenum. The ulcer craters 
are usually circular to oval, 0.5 to 4.0 cm in diameter, 
sharply punched out of the intestinal mucosa. Micro- 
scopically, the pattern of the inflammatory reaction 
depends on the duration of the lesion. In the acute 
stage, there is intense polymorphonuclear infiltration 
and vascular dilation in the margins of the defect (Fig. 
2-25). With chronicity, the margins and base of the 
ulcer develop fibroblastic proliferation, scarring, and 
the accumulation of lymphocytes, macrophages, and 
plasma cells. Eosinophils may also be very numerous, 
especially when foreign protein from the cavity of the 
stomach enters the ulcer and sensitizes the underlying 
tissues. 

MEMBRANOUS (PSEUDOMEMBRANOUS) INFLAMMA- 
TION. As the name implies, this form of inflammatory 
reaction is characterized by the formation of a mem- 
brane usually made up of precipitated fibrin, necrotic 
epithelium, and inflammatory white cells. Some prefer 
to call this reaction “pseudomembranous,” since they 
reserve the term membrane for vital cells and struc- 
tures. Whatever its designation, the reaction is encoun- 
tered only on mucosal surfaces, most commonly in the 
pharynx, larynx, respiratory passages, and intestinal 
tract (Fig. 2-26). The membrane formation results from 
an acute inflammatory response to a powerful necrotiz- 
ing toxin (e.g., the diphtheria exotoxin that causes 
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Figure 2—24. A microscopic detail of the wall of an acute suppurative 
appendicitis. The lumen above the mucosal epithelium is filled with 
suppurative exudate and the wall is heavily infiltrated with neutro- 
phils, most evident beneath the zone of mucosal glands. 
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necrosis of surface epithelial cells and their desquama- 
tion or a clostridium toxin that affects the intestinal 
mucosa). An outpouring of exudate traps the necrotic 
and cellular debris, producing a dirty gray-white, rub- 
bery membrane on the eroded surface. 


Figure 2-26. Membranous inflammation in the trachea. The mem- 
brane appears as large patches of gray-white layered exudate. 


Figure 2—25. A low-power cross section 
of an ulcer crater with a dark inflamma- 
tory exudate in the base. 


SYSTEMIC EFFECTS OF INFLAMMATION 


Anyone who has suffered a severe sore throat or a 
respiratory infection has experienced the systemic man- 
ifestations of acute inflammation. Fever is one of the 
most prominent systemic manifestations, especially 
when the inflammation is associated with bacteremia. 
Bacteremia usually induces fever with dramatic swings 
in temperature, producing so-called spikes on the tem- 
perature chart. Violent shaking chills are known to all 
those who have had the flu. 

The elusive cause of fever in inflammation is being 
tracked down, thanks mainly to the work on endogenous 
pyrogens and prostaglandins. Endogenous pyrogens are 
basic proteins of low molecular weight (+ 15,000) that 
act on the thermoregulatory centers in the hypothala- 
mus, leading to elevation of the “thermostat” and the 
development of fever.'** They can be detected in the 
blood of experimental animals given endotoxin or anti- 
gen-antibody complexes. Endogenous pyrogens are syn- 
thesized and released by macrophages (including those 
of the mononuclear phagocyte system) after activation 
by phagocytosis, endotoxin, viruses and fungi, immune 
complexes, and lymphocyte products. Endogenous pyro- 
gen appears to be chemically similar or identical to the 
macrophage product called interleukin I,'? which is 
important in inducing lymphocyte activation during 
immune reactions (p. 60). 

Prostaglandins are also involved in the production 
of fever. PGE, produces fever on injection into the 
cerebral ventricle of most mammalian species exam- 
ined.'*® PGE, appears in the cerebrospinal fluid during 
endotoxin fever and disappears when the fever is 
brought down by inhibitors of prostaglandin synthesis 
(aspirin). The following sequence of events appears to 
account for the pathogenesis of fever in man. Endoge- 
nous pyrogen is produced by phagocytic leukocytes in 


response to infections or immunologic or toxic reactions, 
and is released into the circulation where it interacts 
with receptors in the thermoregulatory center of the 
anterior hypothalamus. Either by the direct action of 
pyrogen, or through the local production of prostaglan- 
dins, information is transmitted from the anterior 
through the posterior hypothalamus to the vasomotor 
center, resulting in sympathetic nerve stimulation, va- 
soconstriction of skin vessels, decrease in heat dissipa- 
tion, and fever. Endogenous pyrogen also stimulates 
the muscle protein degradation characteristic of febrile 
states. /?” 

Leukocytosis is a common feature of inflammatory 
reactions, especially those induced by bacterial infec- 
tion. The leukocyte count usually climbs to 15,000 or 
20,000 but sometimes may reach extraordinarily high 
levels of 40,000 to 100,000. These extreme elevations 
are referred to as leukemoid reactions, since they are 
similar to the white counts obtained in leukemia. The 
leukocytosis of acute inflammation is usually due to an 
absolute increase in the number of neutrophils, at the 
same time increasing the relative proportion in the 
differential count. The leukocytosis apparently occurs 
initially because of accelerated release of cells from the 
bone marrow postmitotic reserve pool, and is often 
associated with a rise in the number of more immature 
neutrophils in the blood (“shift to the left’). However, 
prolonged infection also stimulates proliferation of pre- 
cursors in the bone marrow. Mediators for the acceler- 
ated release from the bone marrow have not been well 
identified, but the increased proliferation may be due 
to increased production of colony-stimulating factors 
(CSF), factors produced by macrophages and activated 
T lymphocytes that stimulate mitotic activity in neutro- 
phil precursors in the bone marrow. 

Most bacterial infections induce neutrophilia, but 
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infectious mononucleosis, whooping cough, mumps, and 
German measles are exceptions and produce a leuko- 
cytosis by virtue of an absolute increase in the number 
of lymphocytes (lymphocytosis). In an additional group 
of disorders such as bronchial asthma, hay fever, and 
parasitic infestations, there is an absolute increase in 
the number of eosinophils, creating an eosinophilia. 
Generally, the magnitude of the eosinophilia is sufficient 
to raise the relative proportion of these cells in the 
differential count, but is not sufficient to induce a 
significant elevation of the total white cell count. 

Certain systemic inflammatory states such as ty- 
phoid fever, infections caused by viruses, and rickettsiae 
and certain protozoal infections decrease the number of 
circulating white cells (leukopenia). Leukopenia is also 
encountered in infections that overwhelm patients de- 
bilitated by disseminated cancer or rampant miliary 
tuberculosis. Under these circumstances, it is theorized 
that the massive assault upon the body depresses leu- 
kopoiesis. 

In closing this discussion of inflammation, it is 
evident that, although the early reaction pattern of the 
inflammatory response is quite stereotyped, it is soon 
modified by a number of variables pertaining to both 
intruder and host that introduce striking departures 
from the basic theme. Perhaps the most important is 
the duration of the inflammatory process, but the caus- 
ative agent, the location of the injury, and the nature 
of the exudate all contribute heavily to the ultimate 
character of the reaction. Even these modifiers do not 
tell the whole story because an important component 
has, to this point, been omitted—the changes induced 
by the reparative response. The repair of injury begins 
almost as soon as the inflammatory changes have begun, 
and so constitutes a sequence of events as important as 
that of inflammation. 


Healing and Repair 
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The body's attempts to heal damage induced by 
local injury begin very early in the process of inflam- 
mation and, in the end, result in repair and the replace- 
ment of dead or damaged cells by healthy cells. Repair 
usually involves two distinct processes: (1) regeneration, 
which is the replacement of injured tissue by parenchy- 
mal cells of the same type, sometimes leaving no 
residual trace of the previous injury; and (2) replacement 
by connective tissue, which in its permanent stage 
constitutes a scar. In most instances, both processes 
contribute to the repair. 


Stimulatory hormones and growth 


Inhibitory factors (chalones) 
Cell-celi and ceil-matrix interactions 
Possible growth factors in healing 


Factors Modifying Quality of Inflammatory- 
Reparative Responses 
Systemic influences 
Local influences 
Perspective on Inflammatory-Reparative 
Response 


Collagénization and Wound Strength 


The advantages that man may have gained in the 
evolutionary process have been accompanied by loss of 
the capacity to regenerate severely damaged organs, 
and ‘some tissues have no regenerative capacity at all. 
Because of these limitations, repair usually involves 
much connective tissue scarring. Such repair may fill 
defects and more or less restore morphologic continuity, 
but it replaces specialized celis with nonfunctioning 
connective tissue and depletes the functional reserve of 
an organ. In this chapter the healing of skin wounds is 
discussed, as a prototype of the repair process in inflam- 
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mation, but first some of the general features of regen- 
eration and connective tissue repair are reviewed. 


REGENERATION 


The cells of the body are divided into three groups 
on the basis of their regenerative capacity: labile, stable, 
and permanent cells. Labile cells continue to proliferate 
throughout life; stable cells retain this capacity, although 
they do not normally replicate; and permanent cells 
cannot reproduce themselves after birth.'* 


LABILE CELLS 


Under physiologic conditions, these cells continue 
to proliferate throughout life, replacing cells that are 
continually being destroved. Labile cells consist of sur- 
face epithelia and blood cells. All epithelial surfaces 
throughout the body are made up of labile cells. These 
include the stratified squamous surfaces of the skin, oral 
cavity, vagina, and cervix; the lining mucosa of all the 
excretory ducts of the glands of the body, e.g., salivary 
glands, pancreas, and biliary tract; the columnar epithe- 
lium of the gastrointestinal tract, uterus, and tubes; and 
the transitional epithelium of the urinary tract. In all 
these sites, the surface cells exfoliate continually 
throughout life, and the integrity of the epithelium is 
maintained by a continual proliferation of reserve cells, 
replacing lost elements. A perfect example is the re- 
growth of the endometrium following each menstrual 
period. 

When epithelial cells are lost as a result of injury, 
almost perfect reconstitution may occur by replication 
of reserve cells. If the defect is small, regeneration is 
remarkably rapid. The epithelium in the skin of man 
completely closes over an incised wound within 24 to 
48 hours. When injury produces a deep, excavated 
detect or ulcer, regeneration is completed only after the 
defect is filled by connective tissue. 

The cells of the splenic. lymphoid. and hemato- 
poietic tissues are also labile cells. Bone marrow is in a 
state of active hematopoiesis throughout life. Destruc- 
tion of hematopoietic cells is rapidly compensated for 
by proliferation of persisting elements. The embryonic 
precursors of splenic and lymphoid cells (primitive 
mesenchymal stem cells) survive postnatally, prolifer- 
ating and differentiating to replace lost elements. De- 
struction of large areas of bone marrow, spleen. or 
Ivmphoid tissues may radically reduce the local popu- 
lation of stem cells, thus thwarting parenchymal recon- 
stitution and giving rise to focal scarring. . 


STABLE CELLS 


This group normally demonstrates a low normal 
level of replication. However, these cells can undergo 
rapid division in response to a variety of stimuli and 


are thus capable of reconstitution of the tissue of 
origin.'?° In this category are the parenchymal cells of 
virtually all the glandular organs of the body, such as 
liver, kidney, and pancreas; mesenchymal derivatives 
such as fibroblasts, smooth muscle cells, osteoblasts, 
and chondroblasts; and vascular endothelial cells. The 
regenerative capacity of stable cells is best exemplified 
by the ability of the liver to regenerate after hepatec- 
tomy and following toxic, viral, or chemical injury. 

Although labile and stable. eels: are capable of 
regeneration, it does not necessarily follow that there 
will be restitution of normal structure. The underlying 
framework or supporting stroma of the parenchymal 
cells must be present to permit orderly replacement. 
The basement membrane appears to be the main struc- 
tural component necessary for organized regeneration, 
forming a “scaffold” for the replicating parenchymal 
cells, When basement membranes are disrupted, cells 
may proliferate in a haphazard fashion and produce 
disorganized masses of cells bearing no resemblance to 
the original arrangement. Alternatively, scarring may 
ensue. To use the liver as an example, hepatitis virus 
specifically destroys parenchymal cells without injuring 
the more resistant connective tissue cells or framework 
of the liver lobule. Thus, after viral hepatitis, regener- 
ation of liver cells may completely reconstitute the liver 
lobule, and tests for liver function may be entirely 
normal a few weeks after the illness. By contrast, a large 
liver abscess that destroys hepatocytes and connective 
tissue is followed by scarring. In most large injuries, 
regeneration proceeds from the margins, where stable 
ells remain viable. Central regions where the frame- 
work is not preserved are usually replaced bv scar tissue. 

The connective tissue cells (fibroblasts, chondro- 
cytes, and osteocytes) that secrete the connective tissue 
matrix are quiescent in adult mammals. However, all 
proliferate in response to injurv, and fibroblasts, in 
particular, proliferate widely, constituting the connec- 
tive tissue response to inflammation (see below). To this 
group should be added two significant cell tvpes— 
vascular endothelium and smooth muscle. Adult. vas- 
cular endothelium has a verv slow turnover rate. If, 
however, a segment of large vessel is denuded of its 
endothelium by mechanical or chemical means, the cells 
around the edge of the denuded area quickly migrate 
into the defect, proliferate, and eventually fill the defect. 
This proliferation ceases when the defect is reconsti- 
tuted. A somewhat different type of endothelial response 
occurs in small vessels (capillaries, venules, and arte- 
rioles) of the connective tissue in Sond healing. Here, 
proliferation of endothelium results in the formation of 
new capillary beds that invade the injured inflamed 
sites. This neovascularization is prominent in many 
chronic inflammatory processes, such as rheumatoid 
arthritis, and, as we shall see, is also a component of 
most malignant tumors.!*° 

Smooth muscle cells present in the walls of viscera 
and blood vessels also have a low turnover rate but 
proliferate under hormonal influences, as seen in the 
pregnant uterus, and in response to injury, as seen in 


the walls of large arteries. Indeed, as detailed on page 
516, smooth muscle proliferation in the arterial wall is 
thought to be a major process in the development of 
atherosclerosis. '*! 


PERMANENT CELLS 


To this group belong the nerve cells, which cannot 
undergo mitotic division in postnatal life, and the skel- 
etal and cardiac muscle cells, the regenerative attempts 
of which (at least in mammals) are of no _ practical 
importance. Neurons destroyed in the central nervous 
system (CNS) are permanently lost. They are replaced 
by the proliferation of the CNS supportive elements, 
the glial cells. The situation is somewhat more compli- 
cated with respect to the neurons of the peripheral 
nerves, as detailed in Chapter 29. When the cell body 
is destroyed, the entire structure (i.e., the cell body 
and extended axon) totally degenerates. If the cell body 
is spared and only the peripheral axon is injured, 
regeneration of a new process may proceed from the 
cell body or from the remaining proximal axonal seg- 
ment. 

With regard to striated muscle, evidence for regen- 
eration in man is at best tenuous, most being derived 
from studies of lower animals. The precise mode of 
regeneration of skeletal muscle is still somewhat uncer- 
tain. It may occur (1) from the budding of old fibers, (2) 
by the fusion of myoblasts, or (3) by transformation of 
the satellite cells found attached to the sheaths of all 
multinucleated skeletal cells. If the ends of severed 
muscle fibers are closely juxtaposed, muscle regenera- 
tion in mammals can be excellent, a condition that can 
rarely be attained under practical conditions.'*? As to 
cardiac muscle, it is fair to state that if cardiac muscle 
has regenerative capacity, it is limited, and most large 
injuries to the heart are followed by connective tissue 
scarring (Fig. 2-27). Certainly, scarring follows the all 
too common myocardial infarction in man. This point is 
stressed because of its great clinical importance. Heart 
attacks are the most common cause of death in indus- 
trialized nations, and every myocardial infarction implies 
some permanent loss of myocardial reserve. 


Figure 2—28. Active granulation tissue containing nu- 
merous dilated vascular channels and inflammatory 
white cell exudate in a loose fibrous tissue stroma. 
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Figure 2—27. Myocardial fibrosis. The cross section of the ventricular 
myocardium is studded with pale scars of fibrous tissue that have 
been caused by ischemic necrosis of foci within the myocardium. 


REPAIR BY CONNECTIVE TISSUE 


GRANULATION TISSUE 


As mentioned earlier, healing starts very early in 
inflammation, when the macrophages begin digesting 
whatever invading organisms have survived the neutro- 
philic attack, as well as necrotic debris from dead 
parenchymal cells and neutrophils. Sometimes as early 
as 24 hours after injury, fibroblasts and vascular endo- 
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thelial cells begin proliferating to form (by three to five 
days) the specialized type of tissue (granulation tissue) 
that is the hallmark of healing inflammation. The term 
“granulation tissue’ derives from its pink, soft granular 
appearance on the surface of wounds, but it is the 
histologic features that are characteristic: the prolifera- 
-tion of new small blood vessels and of fibroblasts (Fig. 
2-28), 

New vessels originate by budding or sprouting of 
preexisting vessels, a process (called angiogenesis or 
neovascularization) that involves migration, prolifera- 
tion, and maturation of endothelial cells. '°° °° The buds 
are solid at first but subsequently become tunneled and 
permit blood to circulate. These new vessels have leaky 
interendothelial junctions, allowing the passage of pro- 
teins and red cells into the extravascular space.'** Thus, 
new granulation tissue is often edematous. Indeed, this 
leakiness accounts for much of the edema that persists 
in healing wounds, long after the acute inflammatory 
response has subsided. 

In newly developing granulation tissue, fibroblasts 
hypertrophy, acquire increased amounts of rough en- 
doplasmic reticulum, and appear in histologic sections 
as large, plump (‘juicy’) cells.’ They are active in 
synthesizing mucopolysaccharides (glycosaminoglycans) 
and collagen. In early stages. more glycoproteins are 
formed; later on, collagen predominates. Many of the 
large fibroblasts in granulation tissue acquire electron 


Figure 2-29. Cellular scar composed of packed fibro- 
blasts with only scattered white cells and vascular 
channels. 


microscopic and biochemical features of smooth muscle 
cells: they develop large indented nuclei, prominent 
bundles of cytoplasmic fibrils with peripheral conden- 
sations, and large amounts of actomyosin in their cyto- 
plasm.'*° Further, when strips of granulation tissue are 
incubated in vitro with smooth muscle—contracting 
agents (such as bradykinin and serotonin), the strips 
show significant and reversible contraction. '*’ This prop- 
erty almost certainly accounts for the “contraction” of 
healing wounds seen clinically. The term “myoftbro- 
blast’ has thus been used to refer to these modified 
granulation tissue fibroblasts. !° 

Macrophages are almost always present in granu- 
lation tissue, busily eating up extracellular debris, fibrin, 
and other foreign matter, and if the appropriate chemo- 
tactic stimuli persist, neutrophils, eosinophils, and lym- 
phocytes will also be seen. Mast cells are also present 
in great numbers. With further healing, there is an 
increase in extracellular constituents, mostly collagen, 
with a decrease in the number of active fibroblasts and 
new vessels (Figs. 2-29, 2-30). Many of the blood 
vessels characteristic of early stages undergo thrombosis 
and degeneration, and their various cells are resorbed 
and digested by macrophages. The end result of gran- 
ulation tissue is a scar composed of inactive-looking, 
spindle-shaped fibroblasts; dense collagen; fragments of 
elastic tissue; extracellular matrix; and relatively few 
vessels. 


Figure 2-30. Dense collagenous scar. The widely 
scattered fibroblasts are separated by dense collagen. 
Only a few inflammatory white cells remain. 


INTEGRATION OF PARENCHYMAL 
REGENERATION WITH CONNECTIVE 
TISSUE SCARRING 


Most bodily injuries are repaired by the regenera- 
tion of parenchymal cells, accompanied by more or less 
connective tissue scarring. Both these processes have 
been considered separately, but it would be well to 
discuss their respective contributions to the reparative 
process of most injuries. An abscess in the cortex of the 
kidney resulting from a bacterial infection might be 
used as an example. Regeneration is initiated soon after 
the inflammatory phase has begun. There is proliferation 
of the marginal cells beyond the range of the toxic action 
of the microbial invader. At some point in the margin, 
there will be a zone where the epithelial cells lining the 
tubules are destroyed but the more resistant basement 
membrane is preserved. Here, regeneration of tubular 
cells may reconstitute the original renal architecture 
perfectly. At the same time, the central focus of injury 
may have accumulated a considerable amount of sup- 
purative exudate, filling the central space where all 
native architecture had undergone liquefactive necrosis. 
Regeneration cannot create new tubules where the 
basement membrane has been destroyed. Here, the 
defect will be filled in by the process of removal of 
necrotic debris and exudate, followed by the ingrowth 
of granulation tissue. Glomeruli cannot be regenerated. 
The anatomic continuity of the tissue is thus restored 
by a combination of parenchymal regeneration and 
connective tissue scarring. 

The quality and adequacy of the repair of any 
tissue loss is governed, then, by the regenerative capac- 
ity of the affected cells; by the extent of the injury, 
particularly since it may have destroyed the skeletal 
framework of the tissue; and by the proliferative activity 
of the connective tissue stroma, which fills in the defects 
that remain after parenchymal regeneration has ceased. 
Although the example of an abscess in the kidney has 
been used, the essential details do not differ in any 
tissue composed of parenchymal cells capable of repli- 
cation. 

With this background on parenchymal regeneration 
and the formation of granulation tissue, we can now 
turn to a discussion of the healing of skin wounds. 


WOUND HEALING 


PRIMARY UNION (HEALING BY FIRST 
INTENTION) 


The least complicated example of wound repair is 
the healing of a clean surgical incision. The tissues are 
approximated by surgical sutures or tapes, and healing 
occurs without significant bacterial contamination and 
with a minimal loss of tissue. Such healing is referred 
to surgically as “primary union” or “healing by first 
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intention.” The incision causes the death of a limited 
number of epithelial cells as well as of dermal adnexa 
and connective tissue cells; the incisional space is narrow 
and immediately fills with clotted blood, containing 
fibrin and blood cells. The fibrin clot is well anchored 
to the adjacent tissue by the continuity of the fibrin 
mesh. Dehydration of the surface clot forms the well- 
known scab that covers the wound and seals it from the 
environment almost at once. The precise timing of the 
subsequent events is variable, and the following account 
merely approximates the times at which they occur. 

Within 24 hours, neutrophils appear at the margins 
of the incision, moving toward the fibrin clot. The 
epidermis at its cut edges thickens as a result of mitotic 
activity of basal cells and, within 24 to 48 hours, spurs 
of epithelial cells from the edges both migrate and grow 
along the cut margins of the dermis and beneath the 
surface scab to fuse in the midline, thus producing a 
continuous but thin epithelial layer. This epithelial 
response is amazingly fast, and epidermal continuity is 
reestablished in 24 to 48 hours—long before the subja- 
cent connective tissue reaction has begun to evolve. 

By day 3, the neutrophils have largely disappeared 
and are replaced by macrophages. Granulation tissue 
progressively invades the incisional space. Collagen 
fibers are now present in the margins of the incision, 
but at first these are vertically oriented and do not 
bridge the incision. Epithelial cell proliferation contin- 
ues, thickening the epidermal covering layer. 

By day 5, the incisional space is filled with granu- 
lation tissue. Neovascularization is maximal. Collagen 
fibrils become more abundant and begin to bridge the 
incision. The epidermis recovers its normal thickness, 
and differentiation of surface cells yields a mature epi- 
dermal architecture with surface keratinization. 

During the second week, there is continued accu- 
mulation of collagen and proliferation of fibroblasts. 
Leukocytic infiltrate, edema, and increased vascularity 
have largely disappeared. At this time the long process 
of blanching begins, accomplished by the increased 
accumulation of collagen within the incisional scar, 
accompanied by regression of vascular channels. The 
tensile strength of the wound is still well below that of 
normal skin, and it will take months or even a year or 
more for the wound to attain its maximal mechanical 
strength. 

By the end of the first month, the scar comprises a 
cellular connective tissue devoid of inflammatory infil- 
trate, covered now by an intact epidermis. It may 
require almost a year for the scar to be transformed into 
an acellular, avascular, pale, collagenous scar. The der- 
mal appendages that have been destroyed in the line of 
the incision are permanently lost; those that have been 
partially damaged along the lateral margins of the inci- 
sion may regenerate. 

To summarize, in the clean surgical wound, sealing 
occurs within hours by the formation of a blood clot, 
the surface of which becomes dehydrated to create the 
scab. Epithelial continuity is restored within 24 to 48 
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hours. Fibroblastic bridging does not become evident 
until three to five days following the incision, and 
demonstrable collagenization only begins to appear in 
the latter part of the first week. Thereafter, the process 
is one of progressive proliferation of fibroblasts, the 
continued accumulation of collagen, and the slow 
compression and devascularization of the newly formed 
connective tissue. : 


SECONDARY UNION (HEALING BY SECOND 
INTENTION 


When there is more extensive loss of cells and 
tissue such as occurs in infarction, inflammatory ulcer- 
ation, abscess formation, or surface wounds that create 
large defects, the reparative process is more compli- 
cated. The common denominator in all these situations 
is a large tissue defect that must be filled. Regeneration 
of parenchymal cells cannot completely reconstitute the 
original architecture. Granulation tissue grows in from 
the margin to complete the repair. This form of healing 
in skin wounds is referred to as “secondary union” or 
“healing by second intention. ” 

Secondary healing differs from primary healing in 
several important respects: 

l. Inevitably, large tissue defects initially have 
more fibrin and more necrotic debris and exudate that 
must be removed. Consequently, the inflammatory 
reaction is more intense. Healing cannot be completed 
until the inflammatory response has controlled the in- 
jurious agent, and the necrotic debris and exudate have 
been removed at least sufficiently to permit ingrowth of 
the granulation tissue from the margins. 

2. Much larger amounts of granulation tissue are 
formed. When a large defect occurs in deeper tissues, 
such as in a viscus, granulation tissue bears the full 
responsibility for its closure, since drainage to the 
surface cannot occur. 

3. Perhaps the feature that most clearly differen- 
tiates primary from secondary healing is the phenome- 
non of wound contraction, which occurs in large surface 
wounds. It has been shown that a defect of about 40 
cm? in area in the skin of a rabbit is reduced in 
approximately six weeks to 5 to 10% of its original size, 
largely by contraction.'°° The mechanism of wound 
contraction has excited great interest. Shortening of 
collagen fibers has largely been ruled out. The best 
evidence implicates contraction of the modified wound 
fibroblasts or “myofibroblasts” described  earlier.!* 
Whatever the mechanism, wound contraction contrib- 
utes heavily to the repair of large surface defects, making 
it clear that whatever the dimensions of a scar, the 
initial area of necrosis or tissue loss must have been 
greater. 

As may be expected, events sometimes go awry in 
wound healing. Many aberrations relate to the manage- 
ment of the wound and the state of health of the 
wounded person. However, two deviations in particular 
may occur in the completely normal individual who has 
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Figure 2-31. Keloid. Deep to the overlying regenerated epithelium 
there are interlacing broad bands of dense collagen. 


received optimal care. The first is the formation of 
excessive amounts of granulation tissue. The excess, 
referred to as “exuberant granulations,” or more gran- 
diloquently as “proud flesh,” may protrude above the 
margins of the closing defect and block reepithelializa- 
tion. Happily, the problem is readily managed by either 
surgical excision or cauterization of the excess. The 
second abnormality, for mysterious reasons encountered 
most often in blacks, is keloid formation. Here, an 
abnormal amount of collagen is present in the connective 
tissue, producing a large, bulging tumorous scar (Fig. 
2-31). The tendency to form keloids appears to be an 
individual genetic characteristic. Keloid formation can 
be a troublesome problem, particularly on exposed skin 
areas, since it is disfiguring and exceedingly difficult to 
manage clinically; excision may be followed only by 
recurrence. 


MECHANISMS INVOLVED IN REPAIR 


Having described the sequence of events in repair, 
we can now turn to the mechanisms underlying these 
events. Two features of repair will be addressed: (1) 


control of cell proliferation, a process central to the 
regeneration of parenchymal cells and growth of fibro- 
blasts and blood vessels; and (2) collagenization and 
acquisition of wound strength. 

Repeated references have been made in the pre- 
vious discussion to the proliferation of parenchymal and 
connective tissue cells in the repair of an injury. What 
signals do these cells perceive that initiate their prolif- 
eration? The answers are not clear. But behind this 
question lies a central problem in current biomedical 
research: the manner in which cell proliferation is 
controlled. The question is of more than theoretical 
interest, since growth control is fundamental to our 
understanding of cancer, as we shall see. The literature 
on this subject is constantly expanding.’*’ '* Here we 
shall touch only on some aspects of growth control and 
on the possible stimuli for cell division and multiplica- 
tion. Short accounts of the subject may be found in 
Baserga’s highly readable book Multiplication and Di- 
vision of Mammalian Cells,'* and his brief review of 
the cell cycle.“ 


GROWTH CONTROL AND CELL PROLIFERATION 


We have already mentioned the growth character- 
istics of the three types of cells in mammalian tissues: 
the labile cells capable of continuous division; the stable 
cells, quiescent cells that can be stimulated to undergo 
mitosis; and the permanent nondividing cells. Another 
way of looking at these cell types is to consider their 
relationship to the cell growth cycle, which should be 
familiar to you (Fig. 2-32). Continuously dividing (la- 
bile) cells follow the cell cycle from one mitosis to the 
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Figure 2-32. Cell populations and the phases of the cell cycle. 
Continuously dividing cells go around the cell cycle from one mitosis 
(M) to the next. Nondividing cells have left the cycle and are destined 
to die without dividing again. Quiescent G, cells are neither cycling 
nor dying and can be induced to reenter the cycle by an appropriate 
stimulus. (From Baserga, R.: The cell cycle. N. Engl. J. Med. 
304:453, 1981. Reprinted, by permission, from The New England 
Journal of Medicine.) 
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next. Nondividing (permanent) cells have left the cell 
cycle and are destined to senesce and die. Quiescent 
(stable) cells can be considered to be in G, but can be 
stimulated into G, by an appropriate stimulus. Arrest at 
G, before entering mitosis results in the appearance of 
polyploid cells—characteristic of cells that have under- 
gone hypertrophy but cannot undergo division. Except 
for nondividing tissues, tissues of adult animals consist 
of a mixture of cells that includes continuously dividing 
cells, quiescent cells that occasionally go back to the cell 
cycle, and nondividing cells.'* 

Although growth can be accomplished by shorten- 
ing the cell cycle or decreasing the rate of cell loss (as 
occurs in tumors), the most important factors are those 
that recruit G, cells into the cell cycle. At least three 
lines of investigation have been pursued to account for 
the stimulation of cell proliferation. These are: (1) the 
action of growth or stimulatory factors; (2) the loss of a 
growth inhibitor normally present in cells (negative 
feedback); and (3) cell-cell or cell-matrix interactions, 
which may play a modulatory role in cell proliferation. 
These are not mutually exclusive phenomena but will 
be discussed separately for the sake of simplicity. 


Stimulatory Hormones and Growth Factors 


The existence of stimulatory factors has long been 
deduced from studies in vivo and from work on cell 
cultures. First, there is the well-known action of such 
hormones as estrogens, progesterone, and somatotropin 
in stimulating growth and function of their target organs. 
Second, the presence of growth factors in serum was 
inferred from the finding that serum was necessary for 
the growth of normal cells in culture. (The serum 
requirement for epithelial cells is much lower than that 
for fibroblasts.) Third, studies on regenerating liver after 
partial hepatectomy, '** discussed in Chapter 1, indicate 
the presence of a circulating growth factor as the cause 
of regeneration. 

Although many growth factors (including nutrients) 
have been uncovered, much remains to be learned 
about their relevance outside the culture dish. Begging 
the question of which are the “real” growth factors, 
current interest is on a number of polypeptides present 
in serum or produced by cells. These stimulate prolif- 
eration of a variety of cell types. The list includes insulin, 
epidermal growth factor, fibroblast growth factor, plate- 
let growth factor, nerve growth factor, the lymphocyte 
proliferating factors interleukin I and II (p. 171), a 
macrophage-derived growth factor, and factors produced 
by cancer cells (sarcoma growth factor). 

The most well studied of the factors is epidermal 
growth factor (EGF), a 6045-dalton polypeptide, puri- 
fied from submaxillary glands of mice or from human 
urine (urogastrone).'*® EGF enhances epidermal prolif- 
eration and keratinization in newborn mice, an activity 
first discovered by precocious separation of the eyelids 
of newborn mice (a true eye-opener)! EGF is also 
mitogenic for fibroblasts in vitro. The mechanism by 
which EGF stimulates cell division may be a model for 
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other growth factors! and involves binding of EGF to 


specific receptors on the cell membrane. clustering of 
cell-bound IGF, phosphorylation of EGF receptor pro- 
tein, internalization and lysosomal degradation of bound 
EGF. followed eventually by onset of RNA synthesis 
and a commitment to DNA synthesis. Precisely how the 
second message—from EGF binding to RNA and DNA 
svnthesis—is transmitted is now under active study. 


Inhibitory Factors (Chalones) 


An altogether different hypothesis for the control 
of cell growth proposes that proliferation is controlled 
by means of negative feedback, mediated by endogenous 
hormone-like mitotic inhibitors present in normal ma- 
ture cells. With injury or upon the proper stimulation, 
these substances diffuse out of the injured differentiated 
cell and permit proliferation of undifferentiated stem 
cells.'"" The term chalone (from the Greek chalon, 
meaning to slacken a sail in order to slow down the 
boat) was coined for these inhibitors. The three best 
studied chalone systems are an epidermal chalone, 
thought to control cellular proliferation in the skin: a 
granulocyte chalone, apparently produced by granulo- 
cvtes to control the total cell population: and a lvmpho- 
cvte chalone. Chalones are tissue- or cell line-specific 
(e.g.. a skin chalone inhibits only epidermal growth). 
but not species-specific. The mechanism of inhibition is 
still highly speculative. It is obvious, however, that for 
a chalone to be meaningful, one must clearly exclude a 
direct injurious effect of the presumed chalone on cell 
structure and function. Although the concept of chalones 
has not gained wide acceptance, a number of substances 


have recently been shown to induce true inhibition of 


cell growth. One example is the inhibition of vascular 
smooth muscle by heparin-like molecules released from 
endothelial cells.'°° 


Cell-Cell and Cell-Matrix Interactions 


When certain normal cell lines are placed in cul- 
ture. they proliferate. eventually to form a confluent 
monolayer of cells, after which proliferation ceases. 
Since malignant cells do not display this phenomenon 
(and continue growing), a clear understanding of the 
mechanism may shed light on the initiation of neoplastic 
growth. The cessation of division may in part be ascribed 
to “contact inhibition.” analogous to contact inhibition 
of cell movement. However, many lines of evidence 
indicate that it is also dependent on cell density within 
the culture dish.'°' This density-dependent regulation 
of cell growth may be due to limitation of any one of 
the various materials in the microenvironment. that 
surrounds the crowded cells. or the number of receptor 
sites for the growth factors, or accumulation of inhibitors 
in the culture medium. Whatever the mechanism, the 
density-dependent regulation of cell growth is as impor- 
tant in vivo as it is in culture. As stated earlier, most 
cells capable of regenerating in response to injury 


usually cease proliferating after the defect caused by 
the injury has healed. 

Of current interest is the influence of cell-matrix 
or cell-substrate interactions on cell proliferation.'” 
Cells grown in culture on basement membrane—coated 
dishes have a higher rate of replication when exposed 
to growth factors than cells grown on plastic. The tvpe 
of collagen in the matrix, the presence of fibronectin or 
fibronectin fragments, and the nature of the proteogly- 
cans in the pericellular areas all seem to affect growth 
in vitro, but the mechanisms involved are unclear. One 
possible effect is to modify cel] shape. It has been shown 
that highly flattened cells respond to growth factors, 
while spheroidal cells from the same source no longer 
respond. '? 


Possible Growth Factors in Healing Wounds 


Now that we have discussed some theoretical con- 
siderations relating to cell proliferation, the question 
remains: Are there likely candidates for factors that may 
influence parenchymal and connective tissue cell prolif: 
eration and are required for healing of wounds? From 
the assortment of possible stimulatory and modulating 
factors described. the following deserve mention. 

1. Epidermal growth factor (EGF). As detailed 
earlier, EGF causes epidermal proliferation and is also 
mitogenic for fibroblasts. There is substantial evidence 
that the molecule may have relevance in vivo. 

2. Platelet-derived growth factor (PDGF). This is 
a 27,000- to 35.000-dalton polypeptide stored in the 
platelet alpha granules and released upon platelet acti- 
vation. '°' Tt is a powerful mitogen for fibroblasts and 
smooth muscle cells, and indeed represents the main 
growth-promoting substance of serum.!™ It is thought 
to be particularly involved in causing smooth muscle 
proliferation in atherosclerosis. but may also be relevant 
to the fibroplasia of wound healing. Platelet growth 
factor is also chemotactic for leukocytes and fibroblasts 
M- Vitro; 

3. Fibroblast growth factor (FGF) is a polypeptide 
(13,400 daltons) isolated from bovine brain and pituitary, 
which stimulates fibroblast and smooth muscle. prolif- 
eration in culture. 

4. Macrophage-derived growth factors. Recently 
the finger has been pointing toward the versatile mac- 
rophage as a promoter of connective tissue growth in 
inflammation. Guinea pigs whose macrophage function 
has been inhibited by injections of antimacrophage 
serum and corticosteroids show markedly diminished 
fibroplasia in wounds.'* Soluble factors derived from 
macrophages stimulate fibroblast) growth in cul- 
ture! © and new blood vessel growth in vivo.''? Of 
interest is that macrophages need to be “activated” by 
nonimmunologic or immunologic stimuli to express op- 
timal growth-promoting activity. 

5. As stated earlier, the presence of fibrin is asso- 
ciated with the influx of fibroblasts and new vessels and 
the formation of granulation tissue in wound healing. 
Defibrination retards these processes in experimental 


wounds.!*® Fibrinogen and fibrin degradation products 
appear to be chemotactic to leukocytes, including mon- 
ocytes;'® fibrin also binds to fibronectin, and fibronectin 
fragments are chemotactic to fibroblasts.''’ Thus, the 
effect of fibrin may be indirect. On the other hand, 
some product of the coagulation system (e.g., thrombin) 
might be directly mitogenic to fibroblasts and endo- 
thelial cells. 

An additional component of the connective tissue 
cellular response in repair is the directional migration 
of both fibroblasts and endothelial cells into the wound. 
What draws these cells? Chemotactic influences for 
these two cell types are just beginning to be explored; 
in initial reports, collagen and collagen fragments, pro- 
teolytically cleaved fibronectin,''® platelet growth fac- 
tor,''7 heparin, '® and lymphokines''® have been found 
to be active in stimulating chemotaxis or chemokinesis 
of fibroblasts in vitro. 

It must be apparent that the nature of the factors 
that regulate cell growth, and of the stimuli for cell 
migration and proliferation in inflammatory repair, 
though of critical importance, is still largely speculative. 
In the end it may be that growth will depend not on 
the action of one chemical acting on one cell but on the 
net effect of many factors that modulate cell growth and 
migration. 


COLLAGENIZATION AND WOUND 
STRENGTH 


The development of wound strength is undoubtedly 
related to the proliferation of fibroblasts and the laying 
down of collagen and other extracellular elements in 
healing wounds.'®':'® In this section we will briefly 
review a few details of the biology of connective tissue 
extracellular matrices and then discuss the development 
of wound strength. 
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Collagen is the most common protein in the animal 
world, providing the extracellular framework for all 
multicellular organisms.'*'® Without collagen, man 
would be reduced to a clump of cells, interconnected 
by a few neurons!'® Collagen consists of a family of 
molecules, each a genetically distinct type, which are a 
major component of fibrous tissue, basement mem- 
branes, bone, cartilage, and other specialized tissues, 
such as cornea and heart valves. It is the essential 
product of the fibroblast that ultimately provides the 
tensile strength of healing wounds. 

The metabolism of collagen in normal tissues in- 
volves a balance between biosynthesis and degrada- 
tion.'*’ The fundamental unit of collagen is the collagen 
molecule (tropocollagen)—a long rod, 300 X 1.5 nm, 
with a molecular weight of 285,000.'* Each collagen 
molecule is made up of three separate polypeptide 
chains (alpha chains) wrapped tightly together into a 
triple left-handed helix. Based on the biochemical com- 
position of the chains, five major types of collagen are 
recognized, each characteristic of the tissue from which 
it is derived (Table 2-6). In types I, II, and II, the 
interstitial or fibrillar collagens, each native molecule 
packs with about one-fourth stagger with respect to the 
adjacent molecules. The overlap produces the charac- 
teristic 67-nm banding of the collagen fibril. Types IV 
and V do not form fibrils, but appear as amorphous 
materials in interstitial tissue or basement membranes. 
Svnthesis of collagen (Fig. 2-33) is initiated by DNA 
transcription from specific genes coding for the poly- 
peptide chains, followed by processing of mRNA pre- 
cursor, and translation (synthesis) of the alpha chains on 
ribosomes. The alpha chains subsequently come off the 
ribosomes into the cisternae of the rough endoplasmic 
reticulum (RER), where they undergo a series of bio- 
chemical modifications of the chains, activated by spe- 


Table 2-6. GENETICALLY DISTINCT VERTEBRATE COLLAGENS”* 


Tissue Distribution 


Skin, tendon, bone, dentin, fascia; 
widespread 


Cartilage, nucleus pulposus, 
notochord, vitreous body 


Skin, uterus, blood vessels; 
“reticulin” fibers generally 


Kidney glomeruli, lens capsule; 
Descemet’s membrane; 
basement laminae of all 


Distinctive Features 


Low content of hydroxylysine; 
broad fibrils 


High content of hydroxylysine: 
heavily glycosylated 


High content of hydroxyproline; 
low content of hydroxylysine; 
few sites of hydroxylysine 
glycosylation 


Very high content of hydroxylysine; 
almost fully glycosylated; retains 
procollagen extension pieces 


epithelial and endothelial cells 


Molecular Native 
Type Formula Polymer 
| [a(l)].02 Fibril 
I [x1 (Il)]g Fibril 
tL [x1 (HIN) ]}s Fibril 
IV [a(IV)o]a.(IV) Basement 
lamina 
V aA(aB), or Unknown 
(aA), and 
(0B), 


Widespread in small amounts; 
basement laminae of smooth 
and striated muscle cells? 


High content of hydroxylysine; 
heavily glycosylated; fails to 
form native fibrils in vitro 


exoskeleton of fibroblasts and 
other mesenchymal cells? 


“Modified from Eyre, D. R.: Science 207:1315, 1980. 
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Figure 2-33. Synthesis of collagen. From Krieg, T., et al., Molecular defects of collagen metabolism 
in the Ehlers-Danlos syndrome. Int. J. Dermatol. 20:415, 1981. Reproduced with permission.) 


cific enzymes. One of these modifications is the hydrox- 
ylation of proline in the 4 position, providing collagen 
with its characteristic high content of hydroxyproline 
(about 10%). This hydroxylation, which is dependent on 
the availability of ascorbic acid (vitamin C), is important, 
since it is necessary to hold the three alpha chains in 
the cisternae of the RER.'* 

Another critical modification is lysine oxidation, 
since this results in cross-linkages between adjacent 
chains and is the basis of the structural stability of 
collagen. Indeed, inhibition of lysine oxidation results 
in malformations of the skeleton, skin, and blood vessels, 
as occurs in some forms of human disorders of collagen 
(i.e., Marfan’s syndrome, p. 137). Thus, cross-linking is 
a major contributor to the tensile strength of collagen. 

As mentioned, the triple helix is assembled in the 
cisternae of the rough endoplasmic reticulum. At this 
stage the procollagen molecule is still soluble and con- 
tains an extra length of polypeptide at the NH, terminal 
end of the chain. It is transported through the Golgi 
apparatus and larger vacuoles to the cell surface. During 
or shortly after excretion from the cell, procollagen 
peptidases clip the terminal peptide chains, promoting 
formation of fibrils. [tf is in the extracellular space that 
true fibrils form, and it is these collagen fibrils that give 
strength to connective tissue. 

Collagen fibers are very hardy and in the native 
state are resistant to digestion. However, collagenase, 
which is present in a variety of cell types (fibroblasts, 
macrophages, polymorphonuclear leukocytes, synovial 
cells, and some epithelial cells), can cleave collagen 
under physiologic conditions, cutting the triple helix 
into two unequal fragments which are then susceptible 
to digestion by other proteases. Fortunately, however, 
collagenase is present in these cells in the inactive form, 
procollagenase. The conditions regulating the activation 


of the precursor molecule are obviously of great impor- 
tance but are not well understood. However, it is 
thought that the collagenase of neutrophils, macro- 
phages, and fibroblasts plays a role in degrading collagen 
in inflammation and wound healing. This might aid in 
the “débridement” of injured sites and also in the 
remodeling of connective tissue necessary for the heal- 
ing defect. However, it may have a harmful effect, since 
there is evidence that collagenase contributes to contin- 
uing tissue damage in rheumatoid arthritis. !7 

Collagen types IV and V, together with laminin, 
fibronectin, and heparan sulfate proteoglycan, are com- 
ponents of the basement membranes. They exhibit no 
fibrils, and although readily degraded by selected neu- 
tral proteases derived from leukocytes, they are resistant 
to the collagenases found in skin." 


OTHER EXTRACELLULAR CONNECTIVE TISSUE 
COMPONENTS 


Fibroblasts also synthesize clastic fibers'? and se- 
crete the various glycosaminoglycan (GAG) components 
of ground substances. 

Elastic fibers consist of two protein components: 
the more abundant elastin, which is amorphous on 
electron microscopy, and the elastic microfibril, com- 
posed of a specialized glycoprotein. Mature elastin fibers 
are made of individual polypeptide chains, called tro- 
poelastin, about 70,000 daltons, which are covalently 
connected by cross-linkages (desmosine and isodesmo- 
sine).'"? Elastin has an extremely long half-life, exceed- 
ing the life of the individual, but a number of elastases 
produced by certain bacteria, neutrophils, and macro- 
phages may play a role in local degradation of elastic 
tissue in inflammation.'™ Indeed, as discussed in Chap- 


ter 16, unchecked activity of elastase may be a major 
factor in the pathogenesis of emphysema, a common and 
debilitating disease in which the lung loses its normal 
elasticity. 

Laminin, a large (1,000,000 daltons) glycoprotein, 
is an integral component of basement membranes and 
mediates the attachment of epithelial cells to type IV 
collagen. 

Glycosaminoglycans and proteoglycans of connec- 
tive tissue are described in Chapter 28. Some workers 
believe that a relationship exists between the type of 
GAG present and the size and orientation of the collagen 
fibers, which thus influences the tensile strength of the 
wounds. '© 

Fibronectin is a large (440,000-dalton) glycoprotein 
consisting of two dimers held together by disulfide 
bonds. It is associated with cell surfaces, basement 
membranes, and pericellular matrices, and is produced 
by fibroblasts, monocytes, endothelial cells, and other 
cells.!° An immunologically and structurally similar 
protein is found in plasma, where it is designated as 
“cold-insoluble globulin” because of its tendency to 
coprecipitate with cryofibrinogen. An important char- 
acteristic of both cellular and plasma fibronectins is their 
ability to bind a number of other macromolecules, 
including collagen, fibrin, heparin, and proteoglycans. 
For these reasons, it is thought that fibronectin is 
involved in interactions (e.g., attachment and spreading) 
of cells upon the matrix substrata.‘ Although the 
mechanism by which fibronectin regulates such inter- 
actions is still unclear, it is concentrated in areas of 
interise cellular activity during embryogenesis, and in 
immune reactions, such as delayed hypersensitivity. In 
healing skin wounds, a large quantity of fibronectin, 
mostly plasma-derived, appears in the extracellular ma- 
trix in the first two days after wounding. Thereafter, 
fibronectin is actively synthesized by proliferating endo- 
thelial cells.'”” There is some evidence that fibronectin 
in healing wounds may induce cell migration and pos- 
sibly tissue organization: as alluded to earlier, fibronec- 
tin fragments are chemotactic for fibroblasts, and also 
promote organization of endothelial cells into capillary 
tubes in vitro.’””“ 

Although it is clear that fibroblasts and myofibro- 
blasts are the cells that secrete collagens, elastin, and 
proteoglycans in healing wounds, the mechanisms that 
stimulate or terminate such secretion at different phases 
are poorly understood. Factors derived from macro- 
phages, platelets, and lymphocytes have been shown to 
stimulate collagen accumulation in cultures; other 
agents, such as corticosteroids, parathyroid hormone, 
and a macrophage factor, depress collagen synthesis.'” 
Yet another macrophage factor stimulates collagenase 
formation by fibroblasts.'!© The point to ernphasize is 
that the healing wound is a dynamic and changing 
environment. It is likely that different mechanisms, 
occurring at different times and involving interactions 
between cells and local factors (e.g., oxygen tension, 
pH, immune reactions), may trigger the release of 
chemical signals that modulate the synthesis, release, 
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or degradation of extracellular matrix proteins, as well 
as migration and proliferation of cells. The details of 
these phenomena are unknown, but it is remarkable 
that despite the many seemingly disjointed activities, 
the general pattern of wound healing is so orderly. 


WOUND STRENGTH 


We now turn to the crucial questions of how long 
it takes for a skin wound to achieve its maximal strength 
and which substances contribute to this strength. There 
are variations that depend on the site of the wound, the 
species, and the depth of the incision.'” 

From the welter of facts, however, a general 
impression emerges. Immediately after injury, there is 
a short lag phase, lasting perhaps a few days and possibly 
up to 10 to 14 days. There is a rapid increase in wound 
strength over the next four weeks. This rate of increase 
then slows and virtually plateaus at approximately the 
third month after the original incision. This plateau is 
reached at about 70 to 80% of the tensile strength of 
unwounded skin, and indeed may persist for life. 

Thus, Dunphy reports that “most wounds involving 
skin, fascia, or tendon never regain the initial strength 
of the tissue divided.”'” The recovery of tensile strength 
can therefore be represented by a sigmoid curve ter- 
minating in a plateau below the original level of the 
unwounded skin. The structural or biochemical expla- 
nation of this curve still eludes us. It is not merely a 
function of collagen synthesis, since the curve of tensile 
strength does not parallel that of collagen increase in. 
the wound. The later slower rise in tensile strength is 
not associated with a significant increase in the collagen 
content of the wound. It is unlikely that the amount of 
mucopolysaccharides contribute to tensile strength. It 
may be related to the type of collagen produced. Thus, 
while adult skin collagen is type I, collagen deposited 
early in granulation tissue is type III, that characteristic 
of embryonic skin. During maturation of the scar, type 
III is again replaced by adult type I collagen. It seems 
likely that further quantitative biochemical studies on 
collagen types and cross-linking may explain many of 
the mechanical properties of wounds that distinguish 
them from normal tissue. 

In light of these findings, one may properly ask: 
How can patients be discharged from the hospital within 
a week of surgery? An interesting study bears on this 
question. It has been shown that carefully sutured 
wounds have approximately 70% of the strength of . 
unwounded skin immediately following surgery.'® In- 
deed, eight weeks later there was no significant increase 
in tensile strength despite the presumed proliferation 
of fibroblasts and synthesis of collagen. The obvious 
conclusion is that, in the fresh wound, most of its tensile 
strength depends on surgical skill and the placement of 
sutures. When the latter are removed at the end of the 
first week, wound strength is only at approximately the 
10% level. However, in addition, it is reasonable to 
propose that reepithelialization, which occurs within the 
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first days after wounding, provides some strength, and 
perhaps the early granulation tissue in some way serves 
as a binding agent or adhesive material. 


FACTORS MODIFYING QUALITY OF 
INFLAMMATORY-REPARATIVE 
RESPONSE 


Many systemic and local host factors influence the 
adequacy of the inflanimatory-reparative response. Only 
a few of the most important will be discussed here. 


SYSTEMIC INFLUENCES 


Age is probably not a major influence on the 
inflammatory-reparative response. There is a prevailing 
“general wisdom’ that the elderly heal more slowly than 
the yvoung, but very little controlled data in the exper- 
imental animal to support this notion. 

Nutrition has a profound effect on the healing of 
wounds.'*! Many workers have confirmed the deleteri- 
ous effects of prolonged protein starvation on wound 
healing. Synthesis of collagen appears to be inhibited 
in protein-deficient animals. A high-protein diet hastens 
the rate of tensile strength gain. It has not been possible 
to isolate specific critical amino acids, but it has been 
said by some and contradicted by others that methionine 
and cystine supplementations have a beneficial effect on 
the healing process in the protein-depleted animal. Of 
the many influences, the best documented is the neces- 
sity of adequate levels of vitamin C for the synthesis of 
normal collagen. As mentioned earlier, vitamin C en- 
hances the conversion of proline to hydroxyproline and 
lysine to hydroxylysine. Thus, deficiencies of this nu- 
trient (scurvy) result in impaired synthesis of normal 
collagen. Absence of hydroxyproline will result in failure 
to achieve fibrillogenesis. Many enzymes, such as the 
metalloenzymes and DNA and RNA polymerases, are 
zinc dependent. The amount of zinc in tissues and blood 
inay fall to low levels after trauma, and this is particularly 
noticeable in burn patients. Wound healing is delayed 
in patients with zinc deficiency and is restored to normal 
by zinc administration. However, zinc therapy has no 
effect on wound healing in normal patients. 

Hematologic derangements, such as deficiency of 
neutrophils in the circulating blood (granulocytopenia) 
or defects in leukocyte chemotaxis and phagocytosis, are 
well-documented bases for increased susceptibility to 
bacterial infection. Wound infection greatly slows the 
entire reparative process. In bleeding disorders there is 
excessive extravasation of blood into the wounded areas, 
serving as a substrate for bacterial growth and signifi- 
cantly slowing repair. 

Diabetics have an increased susceptibility to serious 
infections, owing to a variety of factors, including di- 
minished neutrophil chemotaxis and decreased phago- 


cytic capacity. These patients are more vulnerable to 
bacterial invasion and consequent delays in wound 
healing. 

Corticosteroids have a well-documented  anti- 
inflammatory effect. They inhibit the availability of 
leukocytes to inflammatory sites and interfere with a 
variety of their functions, including phagocytosis, intra- 
cellular killing, and secretion. One common mechanism 
for these anti-inflammatory effects may be the ability of 
glucocorticoids to enhance the production of a specific 
protein, called lipomodulin. Lipomodulin inhibits phos- 
pholipase A2, which, as may be recalled (Fig. 2-13), is 
the enzyme necessary for the release of arachidonic acid 
from membrane phospholipids. There follows reduced 
synthesis of active metabolites of arachidonic acid.'” 

The action of steroids on the healing phase is 
controversial. Inhibition of the synthesis of connective 
tissues in vitro and in vivo, impairment of granulation 
tissue formation, decreased production of hydroxypro- 
line, as well as total collagen formation have all been 
attributed to steroids. However, there is a strong sus- 
picion that these inhibitory effects on the healing process 
result from suppression of the inflammatory response. 
If cortisone is administered to animals 2 days after 
injury, healing does not appear to be impaired, sug- 
gesting that it acts early in the response and probably 
does not primarily affect the healing phase. We may 
conclude by noting that steroids unquestionably block 
or retard the inflammatory-reparative response. Clini- 
cally a wound in any patient receiving appreciable 
amounts of corticosteroids during or following surgery 
should be watched carefully. 


LOCAL INFLUENCES 


Infection is the single most important local cause 
for delayed healing. Indeed, if one examines the gen- 
eralized and local factors that adversely influence repair, 
infection is the final common pathway by which they 
retard the process of healing. 

Adequacy of blood supply in an area of injury is an 
obvious important influence. From all that has been 
said before, it must be apparent that vascularization of 
the tocus is a key factor in both inflammation and repair. 
Arterial disease that limits blood flow and venous ab- 
normalities that retard drainage are well-documented 
impairments to the healing of wounds. 

Foreign bodies and, of course, sutures constitute 
impediments to healing. The surgeon is faced with the 
dilemma of an incision that has virtually no intrinsic 
strength during the immediate postoperative period, 
save that conferred by sutures, while at the same time 
the sutures are an obstacle to healing. The puncture 
wounds in the epidermis invite bacterial contamination, 
and the suture material excites an inflammatory and 
foreign body reaction. One old but interesting study 
contends that a single suture enhances the invasiveness 


of staphylococci by a factor of 10,000.'° Fragments of 
wood, steel, glass, and even bone are equally undesir- 
able. One must walk between Scvlla and Charybdis by 
using sutures judiciously and removing all extraneous 
foreign bodies. 

Tissue in which the injury hes occurred. It is 
apparent that perfect repair can occur only in tissues 
made up of stable and labile cells, whereas all injuries 
to tissues composed of permanent cells must inevitably 
give rise to scarring and, at the most, verv slight 
restoration of specialized elements. The location of the 
injury, or the character of the tissue in which the injury 
occurs, is also of considerable importance from yet 
another standpoint. There are many situations in the 
body in which inflammations arising within tissue spaces 
or cavities develop extensive exudates that fill these 
spaces, but in which there is no associated necrosis of 
fixed tissue cells. Under these circumstances, repair 
may occur by digestion of the exudate, initiated by the 
proteolytic enzymes of leukocytes, and resorption of the 
dissolved exudate. This mechanism of dealing with an 
exudative inflammation is called resolution. Since no 
necrosis of fixed tissue cells has occurred, perfect res- 
titution of the preexisting architecture is attained. 

An example of resolution may make its meaning 
more clear. Bacterial infections in the lung cause inflam- 
mations that may solidly fill the alveolar spaces with 
exudate. In many instances the alveolar septa are not 
damaged, although the lung becomes totally solidified 
by the inflammatory exudation. Proteolytic digestion of 
the exudate and resorption or coughing up of the watery 
digestate permit resolution of the pneumonia and res- 
toration of normal lung structure and function. This 
same sequence of events is not inevitable in all pneu- 
monias, since infections with more virulent pathogens 
may cause necrosis of septa and result in fibrous scarring 
and permanent pulmonary damage. Moreover, for com- 
pletely obscure reasons, certain pneumonias with or 
without necrosis sometimes fail to resolve; instead, 
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granulation tissue grows from the septal walls into the 
exudate and converts it into masses of fibrous tissue, 
referred to as organization of the pneumonia. 

These processes of resolution or organization of 
inflammatory exudates are also observed in inflamma- 
tions within other tissue spaces of the body—i.e., per- 
itoneal, pericardial, and pleural cavities and joint spaces. 
Overall, most injuries of the body do not resolve without 
tissue necrosis, and result in some connective tissue 
proliferation and therefore some degree of scarring. 
Finally, even when scarring is complete, there is an- 
other hazard consequent upon a lag in the return of 
tensile strength of the collagen fibers. A rise in tension 
may bring about undue stretching of the scar, with 
hernia formation when the abdominal wall is affected. 

In concluding this discussion of host factors, it is 
hardly necessary to point out that many involve issues 
of considerable clinical importance. The correction of 
nutritional deficiencies, avoidance of steroid therapy, 
wise use of sutures, careful débridement and removal 
of foreign bodies, and, in general, scrupulous attention 
to all the influences that may hamper the inflammatory 
response are all responsibilities of the clinician. 


PERSPECTIVE ON INFLAMMATORY- 
REPARATIVE RESPONSE 


The full spectrum of events, from the initial reaction 
to injury to the ultimate tissue repair, has been pre- 
sented. It must be obvious that an injury may have 
little consequence and may be dealt with readilv, or 
may culminate in severe destruction and damage. A 
perspective of the various pathways is offered in Figure 
2-34. This overview makes clear that not all injuries 
result in permanent damage; some are resolved with 
perfect reconstitution of the native tissue. Most often, 
however, some residual scarring persists. 
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Figure 2-34. Pathways of reparative response. 
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FLUID AND HEMODYNAMIC 


DERANGEMENTS 


Edema Coagulation system Infarction 
Pathogenesis Thrombogenesis Types of infarcts 
Clinical derangements causing Morphology Morphology 


systemic edema 
Clinical derangements causing 
localized edema 
Morphology 
Clinical significance 


(DIC) 


Evolution of thrombus 
Clinical implications 
Disseminated intravascular coagulation 


Amniotic fluid infusion 


Factors conditioning severity of injury 
resulting from vascular occlusion 
General status of blood and 

cardiovascular system 
Anatomic patterns of arterial 


Hyperemia and Congestion Embolism supply . 
Morphology Pulmonary embolism Rate of development of occlusion 
Hemorrhage Systemic embolism Vulnerability of tissue to ischemia 
Clinical significance Air or gas embolism (caisson disease or Clinical significance 
Thrombosis decompression sickness) Shock 
Pathogenesis Fat embolism syndrome Classification 
Normal! hemostasis Morphology Pathogenesis 
Vascular wall Morphology 


All cells and tissues of the body are critically 
dependent on a normal fluid environment and on ade- 
quate blood supply. Either or both of these supporting 
systems may be deranged in a wide variety of clinical 
settings, and therefore fluid imbalances (edema or de- 
hydration) and hemodynamic disturbances (hemorrhage, 
thrombosis, embolism, and infarction) are not only 
commonplace, but also life-threatening. Myocardial in- 
farction is the predominant cause of death in industrial- 
ized nations (p. 556). Edema of the brain or lungs and 
pulmonary embolism also are major causes of death. 
Severe hemorrhage is a frequent cause of morbidity and 
mortality, especially in this day of automobile and 
industrial accidents. 


EDEMA 


Edema is the term generally used for the accumu- 
lation of excess fluid in the intercellular (interstitial) 
tissue spaces or body cavities. Cells, too, may accumu- 
late an abnormal amount of fluid, but this phenomenon 
is referred to as a “cell swelling’ or “cellular edema,” 
described on page 14. Edema may occur as a localized 
process (for example, the swelling of the leg when the 
venous outflow is obstructed) or it may be systemic in 
distribution, as in congestive heart failure or renal 
failure. When edema is severe and generalized and 
causes diffuse swelling of all tissues and organs in the 
body, particularly noticeable in the subcutaneous tis- 
sues, it is called anasarca. Collection of edema fluid in 
the peritoneal cavity is known as ascites; in the pleural 
cavity as hydrothorax; and in the pericardial sac as 
pericardial effusion, or hydropericardium. Noninflam- 
matory edema fluid such as accumulates in heart failure 
and renal disease is protein poor and is referred to as a 
transudate. In contrast, inflammatory edema related to 
increased endothelial permeability is protein-rich and is 
caused by the escape of plasma proteins (principally 
albumin), and possibly leukocytes, to form an exudate. 
The differentiation of a transudate from an exudate was 
presented on page 41. Here we are principally con- 


Clinical correlations 


cerned with the noninflammatory transudation of fluid 
related to hemodynamic derangements. 

PATHOGENESIS. Water constitutes 60% of the body 
mass. In a 70-kg man this volume is divided into the 
various compartments indicated in Table 3-1. Under 
normal circumstances about 25% of the extracellular 
fluid is found in the plasma confined to the intravascular 
compartment. The remainder is interstitial fluid sepa- 
rated from the intravascular fluid by a semipermeable 
endothelial barrier. 

The exchange of fluid between blood plasma and 
interstitial fluid depends on two sets of forces: the 
hydrostatic pressure of the blood and osmotic pressure 
of the tissue fluid, opposed by the oncotic pressure of 
plasma proteins and hydrostatic pressure within the 
interstitial fluid (see Starling forces, p. 42). 

In health the hydrostatic pressure at the arteriolar 
end of the capillary bed is about 35 mm Hg. At the 
venular end it falls to 12 to 15 mm Hg. The oncotic 
pressure of the plasma is approximately 20 to 25 mm 
Hg, rising slightly at the venular end as fluid escapes. 
Thus, with a normal endothelial barrier, fluid escapes 
from the vascular compartment at the arteriolar end of 
the capillary bed and is returned at the venular end. 
There is a smal] net loss from the vascular compartment 
into the interstitial tissue spaces, which is drained off 
through lymphatics, ultimately to be returned to the 
bloodstream. Despite an active interchange, a steady 
state is maintained in health with the normal partition 
of extracellular water between the plasma and interstitial 
compartments. Edema constitutes in essence an abnor- 
mal expansion of the interstitial fluid or the accumulation 
of fluid in some “third extracellular space’ such as the 
peritoneal or pleural cavity. 

The primary causes of edema comprise (1) increased 
hydrostatic pressure, (2) reduced oncotic pressure, (3) 
lymphatic obstruction, (4) increased osmotic tension of 
the interstitial fluid related to sodium retention, and (5) 
increased endothelial permeability (as discussed on p. 
43) (Table 3-2). 

Increased hydrostatic pressure may be caused by 
thrombosis of a vein or any other basis for venous 
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Table 3-1. DISTRIBUTION OF TOTAL BODY WATER 


Volume % Lean Body 
Compartment (Liters) Weight 
Total body water 42 60 
Extracellular water 14 20 
Plasma 3 to 4 4to 5 
Interstitial 11 16 
Intracellular water 28 40 


obstruction, the edema being localized to the affected 
part. Congestive heart failure, when it affects right 
ventricular function, and constrictive pericarditis cause 
increased hydrostatic pressure throughout the venous 
system, and thus systemic edema. Left ventricular fail- 
ure alone produces edema of the lungs. 

Reduced oncotic pressure results from either inad- 
equate synthesis or increased loss of albumin. Reduced 
synthesis is most commonly associated with diffuse liver 
disease, particularly cirrhosis, but it may also occur with 
severe protein malnutrition as in kwashiorkor (p. 400). 
Increased albumin loss is most often encountered with 
the glomerulopathies that induce the nephrotic syn- 
drome (p. 1011), characterized by: (a) marked protein- 
uria, (b) hypoproteinemia, and (c) generalized edema. 
Fundamental to all these disorders is increased glomer- 
ular permeability to plasma proteins. Additional causes 
of albumin loss are protein-losing enteropathies. 

Lymphatic obstruction, whether it be due to the 
spread of cancers, surgical removal of lymph nodes and 
associated lymphatics, or inflammatory or radiation- 
induced scarring, is an obvious cause for the develop- 
ment of edema, referred to in this context as lymph- 
edema (p. 538). Usually the edema is localized, for 
example, to the lower extremities or a single extremity, 
upper or lower. 


Table 3-2. CAUSES OF EDEMA FORMATION’ 


|. Increased hydrostatic pressure 

Congestive heart failure 
Constrictive pericarditis 
Venous thrombosis 
Cirrhosis of liver (ascites) 

Il. Reduced oncotic pressure of plasma—hypoproteinemia 
Cirrhosis of liver 
Malnutrition 
Protein-losing glomerulopathies—nephrotic syndrome 
Protein-losing gastroenteropathy 

Ill. Lymphatic obstruction (lymphedema) 
Cancer 
Inflammatory scarring 
Radiation-induced 

IV. Increased osmotic tension of interstitial fluid 
Excessive salt intake 
Increased tubular reabsorption of sodium 
Reduced renal perfusion 

V. Increased endothelial permeability 
Inflammation 
Burns 
Trauma 
Allergic or immunologic reactions 


“Modified from Leaf, A., and Cotran, R. S.: Renal Pathophysiology. 
New York, Oxford University Press, 1980, p. 139. 


Increased osmotic pressure of the interstitial fluid 
results when there is abnormal accumulation of sodium 
in the body because renal excretion of sodium cannot 
keep pace with the intake. Secondary obligate water 
retention follows. Unlike the other clinical situations 
already mentioned, the edema here is accompanied by 
hypervolemia as well as expansion of the interstitial fluid 
compartment (as detailed below). 

The primary causes of generalized noninflamma- 
tory edema, with the exception of sodium retention, all 
produce hypovoleinia and a reduction in the circulating 
blood volume as a secondary consequence. For example, 
venous and lymphatic obstruction may cause sufficient 
trapping of fluid in the periphery to reduce the circu- 
lating blood volume, but admittedly only rarely. In 
cardiac failure, blood stagnates in the venous side of the 
circulation, and so the effective circulating arterial vol- 
ume falls. Constrictive pericarditis has its greatest effect 
on the thin-walled venae cavae, and so also impounds 
blood in the veins. Reduced oncotic pressure with a 
shift of fluid from the vascular to the interstitial com- 
partment reduces the effective arterial volume. With all 
these derangements there is lowered renal perfusion, 
leading to a compensatory increase in the plasma levels 
of renin, angiotensin, and aldosterone. The increased 
circulating levels of aldosterone (secondary hyperaldos- 
teronism, see p. 1240) then bring about renal retention 
of sodium and water, which may restore the deficit in 
the arterial blood volume; however, the retained sodium 
and water contribute to the edema. Thus, whatever the 
primary cause of edema, a high salt diet is likely to 
worsen the situation, particularly if there is some renal 
impairment of sodium excretion. 

Clinical Derangements Causing Systemic Edema 

1. Congestive heart failure, whatever the etiology, 
is the most common cause of edema. The lungs alone 
may be involved when the failure involves only the left 
ventricle, but in most cases both sides of the heart are 
eventually affected, causing systemic edema (p. 548). 

2. Constrictive pericarditis is an infrequent cause 
of systemic edema. 

3. Renal diseases, particularly those forms associ- 
ated with heavy proteinuria or salt retention, are among 
the more common clinical causes of generalized edema. 
In the proteinuric disorders, the edema is likely to 
appear when the serum albumin concentration falls 
below 2.5 gm per 100 ml of plasma. As pointed out, the 
consequent physiologic responses induce renal retention 
of sodium and water, but the retained water further 
dilutes the plasma proteins, creating a vicious cycle. 

4. Cirrhosis of the liver sometimes produces gen- 
eralized edema, but more often excessive accumulation 
of fluid within the abdominal cavity—ascites. A number 
of mechanisms are operative. The diffuse hepatocellular 
damage impairs the capacity of the liver to synthesize 
albumin, and the extensive fibrous scarring and distor- 
tion of the intrahepatic vasculature leads to portal hy- 
pertension (discussed on p. 916). Thus, there is trapping 
of blood within the portal system, thereby reducing the 
effective arterial blood volume, in turn leading to sec- 


ondary hyperaldosteronism. An additional mechanism 
that causes cirrhotic edema is obstruction of hepatic 
lymphatics. Thus, a transudate weeps not only from the 
hepatic capsule, but also from all the peritoneal surfaces. 
The hypoalbuminemia may also induce peripheral sys- 
temic edema. 

5. Other clinical states associated with generalized 
edema include: protein malabsorption, starvation, and 
protein-losing enteropathies, in which the edema is 
related to hypoproteinemia; exogenous estrogens and 
normal pregnancy, with its increased level of estrogens, 
which promote sodium retention; toxemia of pregnancy; 
hypothyroidism; vitamin B, (thiamine chloride) defi- 
ciency; and “idopathic cyclic edema.” This last-men- 
tioned rare syndrome is seen principally in women. The 
fact that the edema usually appears in some temporal 
relation to the menstrual cycle points to a hormonal 
mechanism possibly related to estrogen levels. In all 
these varied states, however, the systemic edema is 
rarely as severe as that encountered in congestive heart 
failure and renal disease. 

Clinical Derangements Causing Localized Edema. 
The major causes of localized edema are: (1) impaired 
venous drainage leading to a local increase in capillary 
pressure, (2) a local increase in vascular permeability, 
and (3) lymphatic blockage. Chronic cardiac failure or 
reduction in the osmotic pressure of the plasma cannot 
be a primary basis for localized edema. 

1. Impaired venous drainage, whatever its basis, 
can sufficiently elevate the capillary hydrostatic pressure 
to cause localized edema. Thromboses, such as com- 
monly occur in the deep veins of the leg (p. 97); 
incompetent venous valves commonly encountered in 
varicose veins of the lower extremities; and compression 
of veins by external pressures (tumors, enlarged organs, 
encircling tight garments, surgical dressings, or plaster 
casts) may all lead to localized edema. Even in the 
normal individual, prolonged periods of sitting may 
induce edema of the feet and ankles as the cessation of 
the milking action by the leg muscles causes a slight 
increase in hydrostatic pressure in the major véins that 
drain the legs. 

2. Increased vascular permeability, such as occur 
in inflammatory reactions or in many forms of allergic 
reactions, is an obvious cause of localized edema, as has 
been emphasized in Chapter 2. 

3. Obstruction of the lymphatics by cancers or by 
traumatic, surgical, inflammatory, or radiation injury 
may produce édema. The mechanism in all these situ- 
ations is obvious, since under normal conditions the 
lymphatics constantly drain small amounts of tissue fluid 
from the interstitial spaces. Edema is a common sequel 
to cancer surgery when regional lymph nodes are ex- 
cised to control the spread of tumor. For example, the 
dissection of axillary lymph nodes performed in the 
excision of cancer of the breast quite often results in 
edema of the arm. The most striking cause of inflam- 
matory obstruction to the lymphatics is encountered in 
the parasitic infection known as filariasis. These para- 
sites penetrate the skin, usually in the feet, and migrate 
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to the inguinal nodes where they cause inflammatory 
fibrosis and lymphatic obstruction. Massive subcuta- 
neous edema develops in the legs and genitals, with 
accompanying epidermal thickening (p. 381). The de- 
formed legs come to resemble those of the elephant, 
hence the clinical designation elephantiasis. 

Congenital malformation or absence of the lym- 
phatics, such as is encountered in Milroy’s disease (p. 
538), produces a form of localized lymphedema of the 
extremities. 


MORPHOLOGY. The anatomic changes produced by 
edema depend on its severity, the rapidity with which it 
occurs, and the underlying cause. Indeed, the interstitial 
fluid compartment may expand as much as several liters 
before edema becomes manifest clinically or morphologi- 
cally. The two most common systemic causes—cardiac 
failure and renal disease—produce slightly different patterns 
of edema. In cardiac failure, in which increased capillary 
pressure is an important contributor, the accumulation of 
fluid is most severe in the dependent portions of the body, 
and hence is referred to as dependent edema. When the 
patient is ambulatory, fluid collects first in the lower extrem- 
ities, particularly over the dorsal aspects of the feet and 
ankles. If the patient is confined to bed, fluid may accumulate 
over the sacral region. Changes in position of the recumbent 
patient may cause the distribution of fluid to shift and most 
severely affect the lowermost regions of the body. 

Edema of renal origin, such as is encountered in the 
nephrotic syndrome, is generally of greater severity than is 
cardiac edema. All regions of the body are affected equally, 
and the edema tends to be generalized. It may, however, 
be most manifest in those tissues that have a loose connec- 
tive tissue matrix. Renal edema is therefore classically 
identified by edema of the face, particularly of the 
eyelids. 

In cases in which edema is due to localized distur- 
bances, the distribution depends on the location of the 
underlying disorder. Whatever the mechanism of origin of 
edema, whether generalized or localized, finger pressure 
over edematous subcutaneous tissue will displace the inter- 
stitial fluid from the dermal and subcutaneous connective 
tissues to leave pitted depressions, often referred to clinically 
as “pitting edema’”’ (Fig. 3-1). 

Although considerable emphasis has been placed on 
subcutaneous edema, the visceral tissues likewise partici- 
pate in generalized edema. Edematous viscera are slightly 
enlarged, pale, and heavier than normal; show somewhat 
tense capsules; and, on section, have a glistening appear- 
ance. 

When well defined, edema is apparent microscopically 
as a granular, acidophilic, interstitial precipitate that sepa- 
rates the cellular and fibrillar elements of the tissue. This 
pink, amorphous deposit represents the protein and solutes 
of the edema fluid. As the parenchymal cells swell, gland 
lumina and small vessels are compressed. 

Edema of the brain and edema of the lungs are the 
most life-threatening forms of abnormal! fluid retention. 

Edema of the brain is encountered with brain trauma, 
infections within the cranial vault (meningitis, brain ab- 
scesses, encephalitis), hypertensive crises, and obstruction 
to the venous outflow of the brain. The edematous brain is 
heavier than normal; the sulci are narrowed, and the swollen 
gyri are flattened where they press against the skull. On 
section, the white matter may appear unusually soft and 
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Figure 3—1. Dependent edema of the lower legs, illustrating “pitting” 
about the ankles. 


gelatinous, and the peripheral layer of gray matter is wid- 
ened. The ventricles are usually compressed. Histologically, 
there is considerable widening of the interfibrillar spaces of 
the brain substance; this gives a loose appearance to the 
white and gray matter. Swelling of the neuronal and glial 
cells may also be present. The perivascular (Virchow-Robin) 
spaces become unusually widened and form clear halos 
about the small vessels. 

Pulmonary edema is a very common clinical problem, 
discussed in some detail on page 710. Here it is necessary 
to indicate only that it is a major manifestation of left 
ventricular failure and is also encountered in renal disease, 
shock, diffuse alveolar damage (p. 714), infections within 
the lungs, and hypersensitivity states when the lungs are 
target organs. The edema is usually confined to, or most 
marked in, the lower lobes. In far-advanced edema, however, 
all lobes may be involved and assume a rubbery gelatinous 
consistency. Sectioning of the lobes permits the free escape 
of frothy, sanguineous fluid representing a mixture of air, 
blood, and edema. On histologic examination, there is wid- 
ening of septal walls due to congestion of the capillaries and 
intraseptal interstitial edema. As the process evolves there 
is initially the escape of a protein-poor fluid into the alveolar 
spaces, which is not retained in the histologic section. More 
severe edema leads to the accumulation of more protein in 
the edema fluid with the precipitation of a granular, pink 
coagulate within the alveolar spaces (Fig. 3-2). When pres- 
ent for any period of time, intra-alveolar edema fluid is prone 
to secondary infection, producing pneumonia, which in this 
setting is called hypostatic pneumonia. 


CLINICAL SIGNIFICANCE. In the brain and the lungs, 
edema may be fatal, but subcutaneous edema and edema 
of other viscera are usually of little functional signifi- 


cance. Swelling of the brain leads to increased intra- 
cranial pressure with resultant headaches, projectile 
vomiting, and convulsive seizures. Herniation of the 
brain stem or cerebellar tonsils into the foramen mag- 
num may precipitate death. Cerebral edema may de- 
velop within hours of brain injury, requiring immediate 
corrective steps to save the patient's life. Pulmonary 
edema is important because it impedes the normal 
ventilatory function of the lungs. Characteristically, as 
the respired air bubbles through the proteinaceous fluid 
within the alveolar spaces, a variety of abnormal breath 
sounds called rales are produced. In severe pulmonary 
edema, the collection of fluid in the respiratory passages 
gives rise to extremely loud rales, popularly and appro- 
priately termed the “death rattle.” Edema of the lungs 
(with the attendant hazards of hypostatic pneumonia) is 
one of the most serious complications of cardiac and 
renal insufficiency and frequently triggers the demise 
of these vulnerable patients. 


HYPEREMIA AND CONGESTION 


The terms hyperemia and congestion are elegant 
medical expressions for an increased volume of blood in 
an affected tissue or part. Hyperemia, also called active 
hyperemia to differentiate it from congestion or passive 
hyperemia, occurs when arterial and arteriolar dilatation 
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Figure 3-2. Piiaeneyy edema: The adeinat fluid in tissue section 
appears as a granular pink precipitate within the alveoli. 


produces an increased flow of blood into capillary beds, 
with opening of inactive capillaries. Congestion or pas- 
sive hyperemia, on the other hand, results from im- 
paired venous drainage. 

Active hyperemia causes increased redness in the 
affected part. The arterial and arteriolar dilatation is 
brought about by sympathetic neurogenic mechanisms 
or the release of “vasoactive” substances (as discussed 
in Chapter 2). Active hyperemia of the skin is encoun- 
tered whenever excess body heat must be dissipated, 
such as in muscular exercise and febrile states. Hor- 
monal influences such as circulating epinephrine may 
induce active hyperemia of skeletal muscle, myocar- 
dium, and liver at the expense of other circuits in the 
“fight or flight” response. Blushing is another example 
of hyperemia induced by neurogenic mechanisms. 

Congestion, or passive hyperemia, causes an inten- 
sified blue-red coloration in affected parts as venous 
blood is dammed back. The blue tint is accentuated 
when the congestion leads to an increase of deoxygen- 
ated hemoglobin in the blood—cyanosis. Congestion 
may occur as a systemic phenomenon in congestive 
heart failure when both left and right ventricles are 
decompensated; may affect only the pulmonary circuit 
in left ventricular failure; or may affect the entire body, 
sparing the lungs, in right ventricular decompensation. 
Congestion can of course occur as a localized process 
when, for example, the venous return of blood to an 
extremity is obstructed or involves only the portal 
circulation when there is portal hypertension secondary 
to cirrhosis of the liver. Congestion of capillary beds is 
closely related to the development of edema, and so 
congestion and edema commonly occur together. 
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MORPHOLOGY. Cut surfaces of acutely hyperemic and/ 
or congested organs are excessively bloody. With long- 
standing congestion, called chronic passive congestion, the 
stasis of poorly oxygenated blood causes chronic hypoxia, 
which may lead to degeneration or even death of parenchy- 
mal cells. Minute hemorrhages from capillary rupture may 
be converted in time to hemosiderin-laden scars. The lungs, 
liver, and spleen develop the most obvious manifestations 
of chronic passive congestion. 

Chronic passive congestion of the lungs and con- 
sequent pulmonary edema are encountered whenever 
there is elevated left atrial pressure and consequent elevated 
pulmonary venous pressure. Such changes imply either 
stenosis of the mitral valve (seen notably in chronic rheu- 
matic heart disease) or any condition leading to reduced left 
ventricular output. The most extreme form is associated with 
rheumatic mitral stenosis. Microscopically, the alveolar cap- 
illaries become engorged with blood and often become 
tortuous, with small aneurysmal dilatations (Fig. 3-3). Rup- 
ture of distended capillaries may cause minute intraalveolar 
hemorrhages, and the breakdown and phagocytosis of the 
red cell debris eventually lead to the appearance of hemo- 
siderin-laden macrophages (“heart failure” cells) in the al- 
veolar spaces. In severe forms of chronic passive conges- 
tion, the alveolar septa are widened both by the dilatation of 
alveolar capillaries and by edema fluid that collects within 
the interstitium of the alveolar septa (congestion and edema). 
In time, the edematous septa become fibrotic and, together 
with the hemosiderin pigmentation, constitute the basis for 
the designation “brown induration.” The long-standing 
congestion and consequent pulmonary hypertension may 
Cause progressive thickening of the walls of the pulmonary 
arteries and arterioles (p. 713). 

Acute and chronic passive congestion of the liver 
results from right-sided heart failure or, more rarely, from 
obstruction of the inferior vena cava or hepatic vein. The 


Figure 3-3. Marked congestion of pulmonary alveolar capillaries, a microscopic detail showing the 
widened and tortuous capillaries. Their lumina now permit the passage of two to three red cells 
abreast of each other. 
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first changes include a dusky red cyanosis and increase in 
liver size and weight. On liver section, there is an excessive 
ooze of blood, and the central veins may appear prominent. 
With chronic congestion, the central regions of the lobule 
become red-blue, surrounded by a yellow-brown zone of 
uncongested liver substance, descriptively referred to as the 
“nutmeg liver” (Fig. 3-4). Microscopically, the central vein 
and the vascular sinusoids of the centrilobular regions are 
distended with blood. The central hepatocytes frequently 
become atrophic secondary to chronic hypoxia, whereas the 
peripheral hepatocytes, suffering from less severe hypoxia, 
develop fatty change. 

With severe cardiac failure the central hepatocytes may 
become necrotic and the centrilobular zone hemorrhagic, 
producing so-called central hemorrhagic necrosis (Fig. 3— 
5). Arcidi and colleagues suggest that, whereas chronic 
passive congestion of the liver is related to elevation of the 
systemic venous pressure, the subsequent development of 
central hemorrhagic necrosis reflects hypoxia due to reduc- 
tion in the circulating blood volume and hepatic blood flow.’ 
Thus, centrilobular necrosis may appear in shock from 
any cause without preceding chronic passive congestion. 
With long-standing chronic passive congestion, particularly 
when associated with death of central hepatocytes, fibrous 
thickening of the walls of the central veins eventually ap- 
pears. Extension of this fibrous tissue into the surrounding 
lobule creates the distinctive anatomic pattern called cardiac 
sclerosis or sometimes “cardiac cirrhosis” (p. 898). 

Chronic passive congestion of the spleen produces 
at first a slightly enlarged, tense, cyanotic organ that on 
section freely exudes blood and collapses slightly, so that 
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Fig. 3-4 : 


the capsule becomes wrinkled. With time, the pulp becomes 
progressively more firm. In the early stages, the spleen 
usually does not exceed 250 to 300 gm in weight (normal 
= 150 gm). Microscopically, marked sinusoidal dilatation is 
present, accompanied by foci of recent hemorrhage and 
possible hemosiderin deposits. In long-standing chronic 
congestion, the organ progressively enlarges and may weigh 
up to 500 to 700 gm. Fibrous thickening and hemosiderin 
deposits within the edematous, congested, sinusoidal walls 
produce the characteristic anatomic pattern of congestive 
splenomegaly (p. 700). Sometimes focal hemorrhages, 
followed by repair, yield siderofibrotic nodules of scar tissue 
laden with hemosiderin. 


HEMORRHAGE 


Rupture or laceration of a blood vessel is the 
obvious cause of hemorrhage. If a significant amount of 
released blood accumulates within a tissue, it may 
produce a massive clot, referred to as a hematoma (Fig. 
3-6). For example, with rupture of the aorta, usually 
due to some underlying aortic disease, large mediastinal 
or retroperitoneal hematomas may be produced. If the 
blood escapes into a serous cavity, it is referred to 
appropriately as hemothorax, hemopericardium, or 
hemoperitoneum. Smaller hemorrhages, usually en- 
countered in the skin, mucous membranes, and serosal 
surfaces, are known as petechiae (minute), purpura (up 


Figure 3—4. Chronic passive congestion of the liver. On the cut surface, the central congested areas 
appear darker than the pale peripheral portions of the lobules, and thus compose the so-called 


“nutmeg” pattern. 


Figure 3-5. Central hemorrhagic necrosis of the liver. The extravasation of blood into the hepatic 
parenchyma is accompanied by destruction and disappearance of the centrilobular liver cells. 


Figure 3-6. Intracerebral hemorrhage. In the transection of the 
cerebral hemispheres, the large hematoma extends to the cortical 
surface as well as into the ventricular system, and blood is visible 
in the lateral ventricle on the opposite side. 


to approximately 1 cm), or ecchymoses (when large and 
blotchy). Microscopic hemorrhages may be produced in 
loose tissues, such as the lung, merely by marked 
congestion followed by escape of erythrocytes—a phe- 
nomenon referred to as red cell diapedesis. 

The causes of hemorrhage are too numerous to be 
detailed and include trauma as well as all the diseases 
that primarily (e.g., atherosclerosis) or secondarily (e.g., 
an extending erosive cancer) attack vessel walls. Worthy 
of special mention in this context are hypertension and 
the hemorrhagic diatheses. Retinal and, more omi- 
nously, cerebral hemorrhages are encountered in hy- 
pertensive patients. The latter is a frequent cause of 
death in patients having marked (malignant) hyperten- 
sion. The hemorrhagic diatheses constitute a group of 
clinical disorders having in common an increased bleed- 
ing tendency. Platelet deficiencies and a lack of any one 
of the clotting factors are the principal causes of hem- 
orrhagic diatheses (p. 643). 

CLINICAL SIGNIFICANCE. The significance of hem- 
orrhage depends on the amount of blood loss, its rate 
of escape, and the site of the hemorrhage. Acute losses 
of up to 10 to 20% of blood volume and slow losses of 
even greater amounts may have no clinical significance. 
Larger or more rapid losses may cause hemorrhagic 
(hypovolemic) shock. But even relatively small amounts 
of hemorrhage in the brain or pericardial sac may 
produce sufficient increases of pressure to cause death. 
It is obvious that external bleeding or hemorrhage into 
the gastrointestinal tract represents a permanent loss of 
vital iron. However, if bleeding occurs in a body tissue 
or cavity (peritoneal, pleural), progressive breakdown of 
the hemoglobin permits resorption of the iron and its 
reutilization. In the course of this resorption of hemo- 
globin, increased amounts of bilirubin are formed and 
may cause transient jaundice. This sequence is associ- 
ated particularly with massive gastrointestinal bleeding 
because even though much of the red cell mass is 
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excreted, some is rapidly digested, with rapid resorption 
of large amounts of the hemoglobin precursor of biliru- 


bin. 


THROMBOSIS 


Thrombosis is the process of formation of a solid 
mass from the constituents of the blood within living 
blood vessels or the heart; the resultant mass is termed 
a thrombus. A thrombus must be differentiated from a 
blood clot. The thrombus is formed by a complex process 
involving the interaction of blood vessel walls, the 
formed elements of the blood, notably the platelets, 
and the plasma coagulants that constitute the blood 
clotting system. In contrast, a blood clot involves only 
the coagulation sequence, and thus clotting occurs, as 
you know, when blood is drawn into a test tube. Clotting 
also occurs in extravascular accumulations of blood (he- 
matomas), and after death there is postmortem clotting 
of the blood in the cardiovascular system. The compo- 
sition of thrombi may also differ from that of blood clots. 
Thrombi that arise in the rapidly moving arterial or 
cardiac circulation are composed largely of fibrin and 
platelets with only a few trapped red and white cells, 
and thus bear little resemblance to a blood clot. How- 
ever, with very sluggish venous flow, thrombi may 
closely resemble blood clots as will shortly be explained. 

Clearly the development of a thrombus is life-saving 
when a large vessel ruptures or is severed. Under these 
circumstances the thrombus comprises what might bet- 
ter be termed a “hemostatic plug.” However, when a 
thrombus develops in the unruptured cardiovascular 
system, it may be life threatening. Thrombi may (1) 
diminish or obstruct vascular flow, causing ischemic 
injury to tissues and organs, or (2) become dislodged or 
fragment to create emboli. An embolus is an intravas- 
cular solid, liquid, or gaseous mass carried in the 
bloodstream to some site removed from its origin or 
from its point of entrance into the cardiovascular system. 
Although there are other forms of emboli, as will soon 
become clear, most are derived from thrombi. Indeed, 
thrombosis and embolism are so closely interrelated as 
to give rise to the term thromboembolism. Infarcts, as 
you recall, are areas of ischemic necrosis of tissues. 
They are usually caused by thromboembolic occlusion 
of a vessel. Infarctions of the heart, lungs, and brain 
collectively account for more deaths than all forms of 
cancer and infectious disease together. Indeed, ischemic 
injury of the heart, brain, and lungs, secondary to 
thromboembolism, and cancer are the dominating clin- 
ical problems today in all industralized nations. 

PATHOGENESIS. Before turning to the pathogenesis 
of thrombosis, a brief review of normal hemostasis is in 
order because, to a considerable extent, thrombosis is 
the consequence of inappropriate activation of normal 
hemostasis.” 

Normal Hemostasis. Before considering normal he- 
mostasis in some detail, the highlights will be presented 
first. 

1. With vascular injury there is a brief period of 
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vasoconstriction, which in small vessels (principally 
arterioles) serves to reduce blood loss. 

2. Much more important, the injury to endothelial 
cells exposes highly thrombogenic subendothelial con- 
nective tissue, to which the platelets adhere and undergo 
so-called contact activation involving shape change, a 
release reaction, and further aggregation of more plate- 
lets. 

3. Virtually simultaneously, release of tissue fac- 
tors at the site of injury in combination with platelet 
factors activates the plasma coagulation sequence. 

4. Prostaglandins and derivatives are synthesized 
at the site of injury by endothelial cells and platelets 
modulating the hemostatic sequence. 

5. Ultimately a permanent hemostatic plug is pro- 
duced by the combined activities of endothelial cells, 
platelets, and the coagulation sequence. 

We can best dissect this complex process by sepa- 
rately considering the three major contributors to it: (1) 
the vascular wall, (2) platelets, and (3) the plasma 
coagulant factors of the blood-clotting mechanism. 

Vascular Wall. The major features of the vascular 
wall for our present interests are (a) the endothelial 
lining, (b) the subendothelial connective tissue, and (c) 
the muscular layer. 

a. The endothelial monolayer serves three impor- 
tant functions: (1) it is a selective permeability barrier; 
(2) it is a nonthrombogenic surface that insulates circu- 
lating blood elements from highly thrombogenic sub- 
endothelial connective tissues; and (3) it is an active 
synthetic-metabolic-secretory tissue that in the normal 
state inhibits hemostasis and thrombosis but, when 
injured, promotes these two processes.? The selective 
permeability function assumes greatest importance in 
atherogenesis, and therefore is discussed on page 513. 
The thromboresistance of the endothelial lining has been 
characterized by Gimbrone as “nature's prototype for 
blood-compatible surfaces.”* Thus, endothelial injury is 
a potent thrombogenic influence. So it is that endothelial 
cells occupy a pivotal role in the initiation and preven- 
tion of clotting and thrombosis, as summarized in Table 
3-3. The luminal surface of the endothelium is covered 
by an “endocapillary layer” representing the glycocalyx. 
Biochemically the glycocalyx is a composite of intrinsic 
membrane-glycoproteins and glycolipids, as well as 
membrane-associated polysaccharides and glycosamino- 
glycans, among which are sialic acid residues and _ he- 
paran sulfate. This endocapillary layer has a strong net 
negative charge, which at one time was thought to 
contribute to thromboresistance by repelling negatively- 
charged blood elements. However, reduction of the 
negative charge by removal of sialic acid residues does 
not alter endothelial-blood compatibility; thus, other 
explanations have been sought for its thromboresistance. 
Heparan sulfate in the glycocalyx has certain structural 
similarities to the anticoagulant heparin. In concert with 
antithrombin III synthesized by endothelial cells, the 
heparan sulfate residues could serve to inhibit blood 
clotting.® In addition, an alpha-2 macroglobulin consti- 
tuting a potent antiprotease is associated with the vas- 


Table 3~3. ENDOTHELIAL CELL FUNCTIONS 


Predisposes to Blood 
Clotting/Thrombosis 


Opposes Blood 
Clotting/Thrombosis 


With injury, subendothelial ele- 
ments exposed, initiates clot- 
ting and activates platelets 

With injury, tissue factor re- 
leased, initiates intrinsic 
pathway clotting 


Intact monolayer is barrier be- 
tween blood and subendo- 
thelial thrombogenic 
elements 

Glycocalyx contains: 
anticoagulant heparan 


sulfate Synthesizes factor Vill—von 
a-2 macroglobulin—an anti- Willebrand protein involved in 
protease platelet aggregation. 
Synthesizes: 


plasminogen activators 
antiaggregating and vasodi- 
lating prostacyclin (PGI,) 
antithrombin III 
Converts proaggregating ADP 
into antiaggregating adenine 
nucleotides 


cular lining. It serves to inhibit the activation of clotting 
factors in the coagulation sequence. Endothelial cells 
also inhibit platelet aggregation by several mechanisms. 
They have the capacity to convert the strongly proag- 
gregating adenosine diphosphate (ADP) released from 
platelets to the potent adenine nucleotide platelet in- 
hibitors.° Much more important is their elaboration of 
one of the prostaglandins (p. 54), namely antiaggregat- 
ing prostacyclin (PGI,), also a strong vasodilator. In- 
deed, with endothelial cell injury and activation of the 
coagulation sequence, the formation of thrombin at the 
site of injury stimulates the surrounding endothelial 
cells into more active synthesis of PGI,. The role of 
PGI, is further discussed on page 94. Whatever the 
mechanism(s), the endothelial surface serves the highly 
important function of insulating the blood from highly 
thrombogenic subendothelial elements (described be- 
low). In addition, endothelial cells react against blood 
clots and thrombi by synthesizing plasminogen activa- 
tors (and inhibitors), which on balance promote fibrin- 
olytic activity in the blood, clear fibrin deposits from 
the endothelial surface, and also participate in the 
resolution of intravascular thrombi. 

The schizophrenic endothelial cell can promote, on 
the other hand, hemostasis and thrombosis by virtue of 
its synthetic-metabolic-secretory activities. Its prohe- 
mostatic functions are mediated by the synthesis and 
release of substances that act both on the coagulation 
sequence and on platelets. The extrinsic clotting pathway 
can be activated by tissue factor (thromboplastin) pres- 
ent in latent form in endothelium, and released by 
certain pharmacologic stimuli, endotoxin, and by injury, 
even if sublethal.“ Endothelial cells also synthesize and 
secrete von Willebrand's factor, which is a component 
of the coagulant factor VIII (factor VUT-VWF). This 
product is a necessary cofactor for the adherence of 
platelets to subendothelial components. 

b. The subendothelial connective tissues not only 
support the endothelial monolayer but are also throm- 


bogenic. Subendothelial cells produce basement mem- 
brane collagen, fibrillar collagen, elastin, glycosamino- 
glycans, and fibronectin. Although other components 
such as basement membrane and elastin promote plate- 
let adherence, the most potent stimulus is the fibrillar 
collagen, which provides a substrate for attachment and 
activation of platelets, and activation of clotting factors 
in the so-called extrinsic pathway of blood coagulation. 
Fibronectin serves to stabilize cell-to-cell and cell-to- 
substrate attachments in the normal endothelial lining. 
It also becomes cross-linked to fibrin and facilitates 
anchorage of hemostatic plugs.* Thus, damage to the 
endothelial cell barrier exposes the highly thrombogenic 
subendothelium to initiate thrombosis and hemostasis. 

c. The muscular layer of smooth muscle cells in 
small arteries and arterioles slows blood loss by transient 
vasoconstriction immediately following an acute vascular 
injury, thus contributing to hemostasis. Neurogenic 
mechanisms and vasoactive products released from 
platelets such as epinephrine mediate the vasoconstric- 
tion. 


# 


Figure 3-7. Platelet adherence to subendothelial connective tissue at focus of endothelial loss. 7, 
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Platelets, it must already be evident, play a central 
role in normal hemostasis and, therefore, in thrombosis 
also.? Despite their lack of a nucleus, head, and heart, 
these tiny structures (about 2 wm in diameter) are 
amazingly versatile. At sites of endothelial cell injury 
they are capable of (a) adhesion and shape transforma- 
tion, (b) secretion (release reaction), and (c) aggregation. 
Collectively the three phenomena are referred to as 
“platelet activation.” In addition, as you remember, 
platelets are also capable of synthesizing prostaglandin 
derivatives, notably thromboxane (TxA,). Even without 
vascular injury, in some poorly defined manner, perhaps 
by metabolic support, they maintain the integrity of the 
normal endothelial layer, since patients who suffer a 
platelet deficiency (thrombocytopenia) are prone to pur- 
puric bleeding. With vascular and endothelial cell in- 
jury, the following sequence of platelet events unfolds. 

Adhesion refers to attachment of platelets to sites 
of endothelial cell injury where subendothelial elements, 
particularly fibrillar collagen, are exposed (Fig. 3-7). 
The precise events in collagen-platelet interaction have 
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Intact platelet with pseudopod (thin arrow is alpha granule, thick arrow is dense body); 2, partially 
degranulated platelet; 3, degranulated platelet “ghost”; 4, internal elastic lamina. (From Haudenschild, 
C., and Studer, A.: Early interactions between blood cells and severely damaged rabbit aorta. Eur. J. 
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not yet been fully elucidated. Whether platelets possess 
specific collagen receptors is uncertain. It may well be 
that collagen exerts its effect by stimulating TxA, syn- 
thesis or by initiating a platelet release reaction with 
the secretion of ADP as the ultimate mediators of 
adhesion. !° As already mentioned, von Willebrand factor 
is necessary for such adhesion. The platelets at first 
attach themselves by long pseudopods, but then spread 
broadly to become tightly adherent. The shape trans- 
formations are mediated by intraplatelet actomyosin 
microfilaments and microtubules. In former years the 
actomyosin was referred to as thrombasthenin—the 
platelet “muscle.” 

Secretion—the release reaction—of the contents of 
platelet granules follows soon after adhesion. Platelets 
contain two major types of granules—alpha granules 
and dense bodies.'' Alpha granules contain fibrinogen, 
fibronectin, a mitogen known as platelet growth factor, 
an antiheparin (platelet factor 4), and platelet-specific 
proteins, i.e., cationic proteins and beta-thromboglob- 
ulin. Beta-thromboglobulin has no known function, but 
when found in the plasma it serves as an indicator of 
platelet activation. Dense bodies are rich in ADP and 
ionized calcium and also contain histamine, epineph- 
rine, and serotonin (5-HT). Calcium is necessary in the 
coagulation sequence and the ADP is a potent mediator 
of platelet aggregation, as will shortly be discussed. 
With platelet activation and the release reaction, a 
phospholipid complex called platelet factor 3 becomes 
activated or in some manner exposed on the platelet 
surface. This phenomenon is of some importance since 
it provides a site on the platelet surface where coagu- 
lation factors X and V and Ca** bind to activate factor 
X. In this manner, platelet activation contributes to the 
intrinsic pathway of blood clotting and the formation of 
thrombin. 

Platelet aggregation (implying platelet-platelet in- 
teradherence) closely follows platelet adherence and 
activation. A major contributor to aggregation is the 
formation of thromboxane A, (TxA,) by activated plate- 
lets. TxA, is also a vasoconstrictor.” '° In addition, the 
adherent and activated platelets, which form the initial 
nidus, release ADP to thus set into motion an autocat- 
alytic reaction with the build-up of an enlarging platelet 
aggregate known as a “temporary hemostatic plug.” This 
primary aggregation is reversible, but with the activation 
of the coagulation sequence through the mediation of 
platelet factor 3, thrombin is generated. Thrombin is a 
powerful platelet agonist. The combination of thrombin, 
ADP released from platelets, and TxA, synthesized by 
the platelets induces platelet contraction (mediated by 
the intraplatelet actomyosin) to create a fused mass of 
platelets—"“viscous metamorphosis’ —constituting a de- 
finitive or “secondary hemostatic plug.” By this time 
fibrin is formed and deposited within and about the 
platelet aggregate, comprising in essence a mortar for 
the “platelet bricks,” further stabilizing the plug and 
anchoring it via fibronectin to its site of origin. Thus a 
fine mechanism, referred to as a “delicate hemostatic 
balance,” exists at the blood-endothelial cell interface. 


Under normal conditions the intact endothelial mono- 
layer with its anticlotting features and its synthesis of 
antiaggregating PGI, tends to maintain the fluidity of 
the blood. However, with the endothelial cell injury 
and reduction of PGI, synthesis, the balance tips in 
favor of TxA, to initiate platelet aggregation and hemo- 
stasis." 

The precise biochemical events that trigger platelet 
secretion and aggregation are poorly understood, but 
this much is known. In vitro a variety of agents—ADP, 
thrombin, collagen, serotonin, catecholamines, and 
TxA,—are platelet activators. Among these, ADP, 
thrombin, and TxA, are probably most important in 
vivo. These platelet agonists are believed to bind to 
membrane receptors to inhibit membrane adenyl cy- 
clase. The resultant decreased intraplatelet levels of 
cyclic adenosine monophosphate (cAMP) then lead to 
aggregation, involving an interaction between platelet 
membrane receptors and plasma- or platelet-derived 
fibrinogen. Increased cAMP levels inhibit aggregation. 
Prostacyclin, the potent antiaggregating agent, acts by 
binding to specific platelet receptors and activating 
adenyl cyclase to raise the levels of intraplatelet cAMP, 
thereby inhibiting the function of fibrinogen-binding 
receptors.'° Ca** plays some role in this process since 
platelet activation is associated with an increase of 
intraplatelet calcium. 

The complex sequence of platelet events can be 
summarized as follows: (1) Platelets recognize sites of 
endothelial injury and adhere to exposed subendothelial 
collagen, thus becoming activated (Fig. 3-8). (2) With 
activation they secrete a variety of products stored in 
granules (among them ADP and fibrinogen) and synthe- 
size thromboxane Ay. (3) Platelet factor 3 is unmasked 
and activates coagulation factor X to initiate the intrinsic 
coagulation sequence. (4) Concomitantly, the release of 
tissue factor from injured cells and endothelial cells 
participates in activation of the extrinsic coagulation 
sequence. (5) The ADP released from platelets initiates 
the formation of a temporary hemostatic plug of aggre- 
gated platelets, soon converted into a larger “secondary 
plug’ under the influence of ADP, thrombin, throm- 
boxane—all platelet agonists. (6) The deposition of fibrin 
(derived from platelets and plasma fibrinogen) into and 
about the platelet aggregate stabilizes and anchors it. 

Thus, a platelet deficiency, either in number or 
function, will lead to potentially serious bleeding dis- 
orders, as discussed on page 643. 

Coagulation System. The blood clotting sequence, 
along with the vessel wall and platelets, is a major 
contributor to the hemostatic process and also to throm- 
bus formation. Indeed, a thrombus is in a sense a 
hemostatic plug formed inappropriately in the intact 
cardiovascular system. It is not necessary to review in 
detail the coagulation sequence; only some of the high- 
lights will be presented. 

The coagulation sequence has been likencd to a 
cascade in which inactive blood zymogens, the clotting 
factors, are activated into proteolytic enzymes that se- 
lectively attack the next zymogen in the sequence, 
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Figure 3—8. Platelet adherence at site of endothelial loss. Margin 
of endothelial lining with contoured endothelial cell is seen at top 
right. Short arrow points to a discoid intact platelet with a single 
pseudopod. Long arrow points to an elongated adherent platelet. 
Double arrow marks densely adherent platelets appearing as elon- 
gated humps fused to the subendothelial layer. (Courtesy of Dr. 
Christian Haudenschild, Mallory Institute of Pathology.) 


converting it into an active enzyme. At each step along 
the way there is amplification, so that a small initial 
stimulus ultimately evokes a significant amount of solid 
fibrin polymer. The cascade begins as two separate 
pathways that ultimately converge. One is “intrinsic” to 
the blood and the other is so-called “extrinsic” because 
it is triggered by the introduction into the blood of 
tissue factors containing thromboplastin. The intrinsic 
pathway probably plays the major role in hemostasis 
following an injury. The “extrinsic” pathway becomes 
activated in a variety of pathologic situations, e.g., 
advanced cancer, complications of pregnancy, endotox- 
emia, and diffuse endothelial damage as in various forms 
of vasculitis. These conditions may evoke explosive 
blood clotting throughout the body followed by activa- 
tion of fibrinolysis (plasmin generation), to produce what 
will be described as disseminated intravascular coagu- 
lation associated with intravascular coagulation and fi- 
brinolysis (p. 649). 

Several features of the clotting sequence are ger- 
mane to thrombosis and merit discussion. A pivotal 
reaction is the conversion of prothrombin (factor II) to 
thrombin (factor IIA), which then activates platelets and 
contributes to the generation of the definitive secondary 
aggregate of platelets. Simultaneously it converts fibrin- 
ogen to fibrin. Both pathways lead to the generation of 
thrombin, and there is clinical evidence that both may 
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be linked in vivo since a defect in either impinges on 
the other. In the intrinsic pathway there is first activa- 
tion of factor XII (Hageman factor), converting it into a 
proteolytic enzyme, factor XIIa. This simple statement 
belies the complexity and confusion that envelops this 
phenomenon. Activation of factor XII occurs when fluid 
blood “contacts” an abnormal surface (glass, various 
negatively charged surfaces, injured endothelium, col- 
lagen). Within a blood vessel, a platelet aggregate 
overlying a site of endothelial injury behaves in a similar 
fashion. Additionally, there is an interaction with high- 
molecular-weight kininogen and conversion of prekalli- 
krein into kallikrein. Kallikrein, once formed, partici- 
pates in a positive feedback loop, activating more factor 
XII. Factor XIIa can also activate the complement 
system by cleaving the C’'1,2,4 and C’3 components. 
The kallikrein likewise converts kininogen precursor 
into the vasoactive inflammatory mediator bradykinin. 
Thus, it is evident that three separate but interrelated 
systems are triggéted into action with the conversion of 
factor XII to its activated form. With the formation of 
factor XIIa, the cascade proceeds over the span of 
several minutes to the development of factor Xa. 

The extrinsic pathway is triggered by a lipoprotein 
present in “tissue factor” (also known as thromboplastin), 
normally present on the surface of virtually all cells 
including endothelial cells. Tissue factor complexes with 
factor VII to activate it, either by a change in shape or 
proteolytic cleavage, and the complex then interacts 
with factor X to form Xa. Thereafter, with the facilitation 
of calcium ions and phospholipid, prothrombin is con- 
verted to thrombin as the two separate pathways of 
blood clotting converge. For further details on the 
clotting mechanism, reference may be made to the 
review by Baugh and Houghie.'* It should be noted at 
this time that a lack or defective function of any of the 
clotting factors or of platelets will induce a bleeding 
tendency referred to later as a “hemorrhagic diathesis” 
(p. 643). 

ANTICLOTTING MECHANISMS. An intricate system of 
checks and balances maintains the fluidity of the blood 
and localizes a clot to the site of injury, thus preventing 
a chain reaction leading to the coagulation of the entire 
cardiovascular system. It is noteworthy that sufficient 
thrombin is generated by the clotting of only 1 ml of 
blood to coagulate all the fibrinogen in 3 liters of blood. 
These control mechanisms can be characterized as (a) 
depletion of clotting factors, (b) clearance of activated 
factors, (c) plasma inhibition of activated proteases, and 
(d) fibrinolysis. 

Depletion of clotting factors by dilution when there 
is active blood flow past the local site or by utilization- 
exhaustion when flow is blocked serves to slow or check 
the clotting process. Clearance of activated clotting 
factors is accomplished by the liver and reticuloendo- 
thelial system.!” This mechanism is effective only when 
there is flow of blood from the site of injury. With 
sufficient stasis the activated factors cannot be washed 
away to reach the sites of clearance. 

Normal human blood contains a variety of protease 
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inhibitors, four of which—antithrombin III, C’l inacti- 
vator, &-macroglobulin, and a,-antitrypsin—act on one 
or more coagulation factors.'® Antithrombin III in the 
presence of heparin is the principal inhibitor of thrombin 
but it also inactivates clotting factors XIIa, XIa, Xa, and 
IXa. C’l inactivator blocks the classic pathway of acti- 
vation of complement but also neutralizes XJa, XIlIa, 
and plasma kallikrein. It might be noted here that an 
acquired or hereditary deficiency of or defect in anti- 
thrombin III is a major predisposition to thrombosis. 
The potent antiprotease a,-macroglobulin also neutral- 
izes thrombin; alone it accounts for about 25% of the 
total antithrombin activity of normal plasma. Alpha,- 
antitrypsin inhibits factor XIa and also serves as an 
antiplasmin. Recently, yet another pathway has been 
described in vitro for removal of activated coagulation 
factors. Protein C is a vitamin K-—dependent plasma 
protein. In the presence of an endothelial cell surface 
cofactor it is converted by thrombin to a protease 
capable of inactivation of factors Va and VIIIa.'* Whether 
this anticoagulation pathway operates in vivo is not 
known. 

The fibrinolytic system (Fig. 3-9) provides a criti- 
cally important mechanism for the dissolution of fibrin 
clots. Involved are the precursor plasminogen, plasmin- 


ogen activators, antiactivators (which block formation of 


plasmin), and antiplasmins (which inhibit already formed 
plasmin). Plasminogen is a B-globulin normally present 
in the plasma. Plasminogen can be proteolytically con- 
verted to plasmin by factor XIJa involving high-molec- 
ular-weight kininogen and prekallikrein, or by plasmin- 
ogen activators within endothelial cells released with 
cell damage. Plasmin is a powerful proteolytic enzyme 
capable of cleaving fibrinogen and fibrin to yield split 
products also called fibrinogen—fibrin degradation 
products that themselves act as anticoagulants. They 
delay the polymerization of fibrin, resulting in a poorly 
formed fibrin clot susceptible to lytic degradation, and 
also inhibit platelet aggregation. Plasmin also lvses 
factors V and VIII. In-built systems are present that 
block the formation and action of plasmin. The major 
blocker of plasmin formation is a,-globulin, an antiacti- 
vator. Other antiplasmins are a,-macroglobulins, a,- 
antitrypsin, and a fast reacting a,-globulin—the most 
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potent of the three.®° Any lack of fibrinolytic function is 
an important predisposition to thrombosis. In passing, 
it should be noted that plasmins of exogenous origin 
such as urokinase or streptokinase are currently em- 
ployed therapeutically to dissolve thrombi. 

Against this background of normal hemostasis we 
can now consider thrombogenesis. 

Thrombogenesis. Three major influences predis- 
pose to thrombosis: (1) injury to endothelium, (2) alter- 
ations in normal blood flow, and (3) alterations in the 
blood (hypercoagulability). 

Endothelial injury is clearly the major and most 
frequent influence in the induction of thrombosis. This 
is amply documented in man by the frequency with 
which thrombi develop on ulcerated plaques in ad- 
vanced atherosclerosis of the aorta and arteries (p. 506). 
Diabetics with their predisposition to severe atheroscle- 
rosis and hyperlipidemia (rendering platelets prone to 
aggregation) are extremely vulnerable to arterial 
thrombi. Thrombi also develop within the cardiac cham- 
bers when there has been injury to the endocardium, 
as may occur with myocardial infarcts, infections of the 
mvocardium, or immunologic myocardial reactions. In- 
flammatory valve disease (and prosthetic valves) are 
favored sites for thrombus formation. In addition to such 
overt causes, microtrauma may be produced by a varietv 
of influences. The hemodynamic stress in hypertension 
or the turbulent flow in arterial disorders is thought to 
be injurious to endothelial cells. Other potential bases 
for damage to endothelial cells are: chemical agents of 
exogenous origin (derivatives of cigarette smoke, for 
example) or of endogenous origin (hypercholesterole- 
mia, homocystine); bacterial toxins or endotoxins: and 
immunologic injuries (in transplant rejection, immune 
complex deposition). Whatever the cause, damage to 
endothelial cells has wide ramifications, as has been 
pointed out.*! Subendothelial collagen is exposed, tissue 
thromboplastin is released, and PGI, synthesis is locally 
depleted, as is plasminogen activator. There follows the 
sequence of adherence of platelets and activation of the 
clotting sequence.” It should be remembered, however, 
that numerous mechanisms are called into plav that 
serve to prevent or limit thrombus formation; increased 
synthesis of PGI, by endothelial cells and activation of 
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Figure 3-9. The fibrinolytic system. 
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Figure 3-10. The popliteal veins exposed to demonstrate a large thrombus on the left and the normal 


vein for comparison on the right. 


the fibrinolytic sequence are only two examples. Not- 
withstanding, endothelial injury is a potent thrombo- 
genic influence. 

Thrombi are common in the superficial and deep 
veins of the lower extremities, particularly where there 
is stasis or sluggish venous drainage of the legs (Fig. 3- 
10). These circumstances are encountered with varicos- 
ities of the superficial veins, which render the venous 
valves incompetent, and in the deep veins with pro- 
longed bed rest or immobilization of an extremity, which 
reduces the milking action of muscular activity. Whether 
some subtle metabolic endothelial injury underlies the 
thrombus formation in these settings is still a matter of 
controversy, but if so it is beyond the range of present 
methods of visualization. It may well be that endothelial 
injury is not requisite for the formation of thrombi in 
veins. Stasis alone, as detailed below, may suffice. 

Change in laminar flow as encountered with tur- 
bulence contributes to the development of arterial and 
cardiac thrombi, while stasis is probably requisite for 
venous thrombosis.** In normal flow the larger particles, 
such as white cells and red cells, occupy the central, 
most rapidly moving axial stream. The smaller platelets 
are carried in the more slowly moving laminar stream 
outside the central column. The periphery of the blood- 
stream adjacent to the endothelial layer moves most 
slowly and is free of all formed blood elements. Stasis 
and turbulence (causing countercurrents and local pock- 
ets of stasis) provide four important dimensions: (1) they 
disrupt laminar flow and bring platelets into contact 


with the endothelium, (2) they prevent the hepatic 
dilution and clearance of the activated coagulation fac- 
tors by the fresh flow of blood, (3) turbulence could 
contribute to endothelial injury and damage to the 
formed elements of the blood, and (4) the loss of normal 
blood velocity permits the build-up of thrombi and 
prevents their being swept away by the moving stream. 
The roles of turbulence or stasis are clearly docu- 
mented in many clinical situations involving both the 
arterial and venous sides of the circulation. Thrombi 
often form, as mentioned earlier, overlying ulcerated 
atherosclerotic plaques. Here the ulceration not only 
exposes connective tissue elements and lipids in the 
plaque but also causes local turbulence. Thrombi are 
also prone to occur in the aorta and arteries within 
abnormal dilatations referred to as aneurysms. Fre- 
quently the thrombus completely fills the abnormal 
dilatation up to the preexistent normal level of the 
vessel wall, when laminar flow is presumably reestab- 
lished. In the heart, not only do myocardial infarctions 
provide sites of endothelial injury, but the necrotic 
muscle does not contract, and so some element of stasis 
is added. In healed rheumatic heart disease, for exam- 
ple, mitral stenosis causes the left atrium to expand and 
fail to empty. When arrhythmias such as atrial fibrilla- 
tion (common in rheumatic heart disease) supervene, 
the stage is set for atrial and auricular thrombosis. 
Stasis is undoubtedly the prime factor in the more 
slowly moving venous circulation. Most thrombi that 
develop in abnormally dilated varicose veins arise within 
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the pockets created by venous valves, where presumably 
there is increased stasis or turbulence.™ Sevitt examined 
50 newly formed thrombi in femoral veins and found no 
evidence of underlying endothelial damage.” However, 
among 35 macroscopically uninvolved valve pockets, 13 
contained a small nidus of one or more of the following 
elements: red cells, white cells, fibrin strands, or plate- 
let aggregates. While such a small nidus might be 
washed out with normal flow, stasis might permit its 
progressive build-up to form a thrombus. The intrinsic 
clotting system may become activated in sites of marked 
stasis for reasons that are unclear.” The generation of 
thrombin and fibrin strands might then anchor the nidus 
to create a setting for superimposed build-up of a 
thrombus. It is of interest in this connection that in 
experimental models of atherosclerosis, monocytes-mac- 
rophages have been observed to adhere to endothelial 
surfaces having no overt lesion, but possibly some 
biochemical or metabolic injury. Conceivably, some 
analogous endothelial change contributes to the onset 
of thromboses in veins where there is no obvious 
endothelial damage. Intriguing as many of these obser- 
vations are, we must conclude that the mechanism of 
thrombogenesis within veins that are not the site of 
obvious endothelial damage is still uncertain. 

Stasis may have more subtle origins. Hyperviscosity 
syndromes such as polycythemia, cryoglobulinemia, and 
macroglobulinemia increase resistance to flow and in- 
duce stasis in small vessels. In sickle cell anemia the 
deformed red cells tend to log-jam, and the stasis 
predisposes to thrombosis. Similarly there is a throm- 
botic diathesis in the rare condition known as giant 
cavernous hemangioma (Kasabach-Merritt syndrome). 
Here the neoplastic large vascular spaces result in stasis 
and turbulence, and also provide poorly endothelialized 
surfaces that may lead to thromboses both within the 
tumor and elsewhere. Stasis and turbulence, then, are 
potent thrombogenic influences, particularly when com- 
bined with endothelial injury. 

Alterations in the blood (hypercoagulability) have 
been proposed to explain the increased incidence of 
thrombosis encountered in certain clinical states re- 
ferred to as thrombotic diatheses. Hypercoagulability 
has been defined as “an altered state of circulating blood 
that requires a smaller quantity of clot-promoting sub- 
stances to induce intravascular coagulation than is re- 
quired to produce comparable thrombosis in a normal 
subject.’*! In many clinical situations, such as extensive 
burns, severe trauma, shock, disseminated cancer, pre- 
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mature separation of the placenta, and retained dead’ 


fetus, explosive thrombosis may occur in small vessels 
throughout the body to produce so-called disseminated 
intravascular coagulation (DIC) (p. 649). Moreover, pa- 
tients with cancer, particularly abdominal cancers such 
as those of the pancreas, have a well-defined predispo- 
sition to phlebothromboses, first noted over a hundred 
years ago by Trousseau. Since his time, many have 
confirmed the appearance of venous thrombi, often 
multiple and sequential at several sites, in patients with 
various forms of cancer; this condition now is justifiably 


designated as Trousseau’s syndrome or migratory 
thrombophlebitis (p. 972). ®° It seems reasonable to 
assume that both DIC and migratory thrombophlebitis 
have similar origins, namely the appearance of hyper- 
coagulability of the blood.*° Although the origin of the 
hypercoagulable state is still poorly understood, a num- 
ber of procoagulant factors have been identified in 
cancer cells that conceivably might be released into the 
blood to initiate the coagulation sequence.** Among 
these are tissue factor (analogous to that activating the 
so-called extrinsic pathway); cancer procoagulant A, 
which activates clotting factor X; and other procoagu- 
lants released from tumor cells along with shed plasma 
membrane vesicles. Thus, the appearance of hyper- 
coagulability seems entirely plausible in the cancerous 
state, and it is highly likely that similar mechanisms 
may be operative in the many other conditions associ- 
ated with DIC. 

In addition to all these situations there are a 
number of settings in which there is a well-defined 
increased incidence of thromboses in the absence of 
identifiable potentiating causes, save possibly for hyper- 
coagulability.*1 Why, for example, should thrombi ap- 
pear late in pregnancy, and after childbirth, surgery, 
and various forms of injury? Studies indicate that ap- 
proximately 70% of elderly patients with hip fractures 
and 50% of patients undergoing elective hip replace- 
ment develop a venous thrombosis.** As many as 30% 
of general surgical patients and 15% of gynecologic 
patients undergoing a hysterectomy for nonmalignant 
disease may develop deep vein thrombosis despite the 
fact that the individuals may be relatively young. If the 
reason was infusion of tissue factor (thromboplastin) by 
the antecedent “traumatic” event, one would expect the 
thrombus to appear virtually at once. The increased 
incidence of thrombosis during the last trimester of 
pregnancy, childbirth, and the puerperium is so pro- 
nounced as to have received the specific designation 
“milk leg” or “phlegmasia alba dolens” (painful white 
leg) (p. 537). Sometimes the thrombosis appears, as 
noted, prior to the delivery and therefore before any 
inciting mechanism can be identified. 

The relationship between oral contraceptives and 
thrombosis is discussed in more detail on page 446, but 
it suffices here to note that when they are used by 
women between 35 and 45 years of age they increase 
the risk of pulmonary embolism and myocardial infarc- 
tion, related to thromboses in the veins of the leg and 
coronary arteries, respectively. Hypercoagulability is 
suspected to be the basis of this increased risk. 

Despite all the suggestive clinical evidence, there is 
a paucity of laboratory evidence to support the existence 
of a hypercoagulable state. The many studies in quest 
of this “elusive grail” have focused on: (1) increased 
numbers and/or activation of platelets, (2) raised levels 
or activation of clotting factors, (3) elevated fibrinogen 
levels, (4) decreased fibrinolytic activity, and (5) reduced 
antithrombin III levels. However, so many and such 
disparate abnormalities have been found as to challenge 
the significance of all.* 


The only reasonably well-established hypercoagul- 
able state is a genetic deficiency of antithrombin III. 
Several kindreds have been identified with blood levels 
of antithrombin III approximately 50% below the normal 
range in whom leg vein thromboses were extremely 
common.” It is ironic that the lack of a procoagulant 
factor may induce a bleeding tendency as occurs in 
hemophilia (p. 648), but it does not protect against 
thrombosis. John Hageman, who lacked factor XII 
(hence the designation “Hageman factor’) died of a 
massive pulmonary embolism from a venous thrombus.* 
We must leave it that the concept of hypercoagulability 
remains alive, but it is weak and sorely lacks evidence. 


MORPHOLOGY. Thrombi may occur anywhere in the 
cardiovascular system: within the cardiac chambers, arteries, 
veins, or capillaries. They are of variable size and shape, 
dictated by their site of origin and the circumstances leading 
to their development. When formed within a cardiac chamber 
or the aorta they may have apparent laminations called the 
“lines of Zahn.” These are produced by alternating layers of 
paler platelets admixed with some fibrin, separated by darker 
layers containing more red cells. However, the laminations 
may not be evident in thrombi formed within smaller arteries 
or veins. Moreover, thrombi formed in the slower-moving 
flow in veins sometimes closely resemble coagulated blood, 
but close inspection will reveal traversing or tangled strands 
of aggregated platelets and fibrin—the lines of Zahn. 

In the heart and aorta the thrombi almost always begin 
at some site of endothelial damage. Thus, the thrombi begin 
as a layer attached to the underlying wall. Although the 
mass may expand, the rapid flow of blood usually precludes 
total occlusion of the chamber or lumen and consequently 
they are referred to as mural thrombi. In small arteries and 
veins they are more often occlusive thrombi. However, 
contraction of the thrombus often reconstitutes a slitlike 
lumen, permitting blood flow past the intravascular mass 
and the build-up of more thrombus, referred to as propa- 
gation of the thrombus. The head of the thrombus exposed 
to the flowing stream tends to accumulate platelets and 
fibrin, creating a white head, while the downstream surface 
accumulates a dark red stasis tail because of the slowing of 
the blood flow and turbulence in the lee of the obstructing 
mass. In this fashion, a large propagating tail may build up, 
eventually filling the lumen and thus producing an occlusive 
thrombus. The developing head and long, snakelike tail may 
not be firmly attached to the underlying endothelium and, 
since they literally wave in the bloodstream, they sometimes 
fragment and embolize, as occurs very often with thrombi in 
the deep veins of the lower extremity. 

Occlusive arterial thrombi are encountered, in de- 
scending order of frequency, in the coronary, cerebral, 
iliac, and femoral arteries. Almost always, the arterial 
thrombus is superimposed upon an atherosclerotic lesion. 
Uncommonly, other forms of vascular disease such as that 
produced by the many forms of necrotizing vasculitis (p. 
519) and traumatic injury of vessels underlie arterial throm- 
bus formation. 

Mural thrombi generally occur in the more capacious 
lumina of the heart chambers and aorta. Myocardial infarcts 
or cardiac arrhythmias are common antecedents to the 
thrombi that form in the heart, while atherosclerosis or 
aneurysmal dilatations are almost invariable precursors of 
aortic thrombus formation. The mural thrombi, which are 
generally formed in these sites, do not fill the entire lumen, 
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since total occlusion would be incompatible with survival 
except in extraordinarily rare instances (Fig. 3-11). 

In addition to arising within the cardiac chambers, throm- 
botic masses under special circumstances may build up on 
the heart valves, particularly the mitral and aortic valves. In 
this setting, the thrombi are referred to as vegetations. The 
most common antecedent is a blood-borne bacterial infection 
that seeds the heart valves, and thus provides a site of injury 
on which a thrombotic mass of fibrin and platelets builds up 
to produce so-called infective vegetative endocarditis (p. 
580). Less commonly, nonbacterial bland thrombotic veg- 
etations (verrucous endocarditis) appear, particularly in pa- 
tients having systemic lupus erythematosus (p. 187) and in 
those already debilitated by some fatal illness such as 
disseminated cancer, advanced tuberculosis, or some lym- 
phomatous-leukemic disorder (although they sometimes ap- 
pear in young individuals not having a fatal illness). In these 
settings, hypercoagulability of the blood is predicated but 
without substantial proof. 

Venous thrombi are also Known as phlebothromboses. 
They are almost invariably occlusive and in fact often form 
quite accurate casts of the vessel in which they arise, even 
revealing the markings of the venous valves. Thrombi are 
frequently found in superficial varicose veins, but these rarely 
embolize and so are more bothersome locally than serious. 
More ominous, phlebothrombosis is encountered prepon- 
derantly in the veins of the lower extremity (90% occur in 
deep leg veins) in approximately the following descending 
order of frequency: calf, femoral, popliteal, and iliac veins. 
Less commonly, venous thrombi may develop in the peri- 
prostatic plexus and the ovarian and periuterine veins. This 
order of frequency varies considerably among the many 
series of patients reported.” 

Thrombi must be differentiated from postmortem clots. 
This may be particularly difficult with venous thrombi formed 
in a sluggish circulation and therefore having a large com- 
ponent of red cells. The thrombus is generally somewhat 
friable and firm, whereas the postmortem clot is usually a 
rubbery, gelatinous coagulum. Thrombi contain lines of 
Zahn. Thrombi may or may not nicely fit their vascular 
enclosure, but in all instances they have some attachment 
to the underlying wall. In contrast, postmortem clots almost 
always form a perfect cast of the vessel in which they arise, 
and they can usually be gently lifted out because they are 
not attached to their site of origin. The postmortem clot may 
be a cyanotic dark red “currant jelly,” or it may have a 
supernatant portion of coagulated clear plasma “chicken fat” 
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Figure 3-11. Numerous fresh dark mural thrombi attached to the 
ventricular endocardium. 
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overlying a portion of darker hue where the red cells have 
settled. Of great importance is the differentiation of post- 
mortem clotting in, for example, the coronary artery from a 
valid thrombus that may, indeed, have been the cause of 
death. The development of postmortem clots is a highly 
variable phenomenon, since in many patients activation of 
the fibrinolytic system before or immediately after death 
prevents postmortem clotting, whereas in others this does 
not occur, and postmortem clots are abundant. 


FLUID AND HEMODYNAMIC DERANGEMENTS 


EVOLUTION OF THE THROMBUS. If a patient survives 
the immediate ischemic effects of a newly developed 
thrombus, what happens thereafter? One of a number 
of pathways may be followed. The thrombus may (1) 
propagate and, by its enlargement, eventually cause 
obstruction of some critical vessel; (2) give rise to an 
embolus (discussed in the next section); (3) be removed 
by fibrinolytic action; or (4) become organized. The last 
two potentials deserve further consideration. As already 
indicated, a thrombus provokes prompt activation of the 
plasminogen-plasmin system. Indeed, in animals it is 
difficult to create a persistent thrombus because of the 
prompt and effective fibrinolytic response. Such a happy 
outcome may also occur in man, and pulmonary throm- 
boemboli have been observed by angiography to shrink 
rapidly and, indeed, to disappear within days of the 
appearance of the intravascular obstruction.” *” Reso- 
lution occurs mostly within the first few days of devel- 
opment of the coagulum, probably because freshly 


~ 


> f Oe @ 4 = 32 
* <> ace Ye “Foy o<’ 
3 * 


sf ° «5 aS es 
Ls, x Ne. ou 


%4 
Tt) . a od 
Vo fv o:, 


formed fibrin is more susceptible to lysis than is older 
fibrin. The efficacy of this response depends on the size 
of the thrombus, the adequacy of the blood flow in its 
environs, and the level of the fibrinolytic activity. One 
study suggests that physical conditioning enhances the 
fibrinolytic response, giving one rationale for the notion 
that regular physical exercise lowers the risk of coronary 
thrombosis and myocardial infarction.*° Blood flow is 
crucial, since the occlusive thrombus may induce suffi- 
cient stasis to block the delivery of the necessary acti- 
vated enzymes. Fortunately, fresh clots retract under 
the action of thrombasthenin of platelet origin. In this 
manner, even an occlusive thrombus generally leaves a 
slitlike channel through which some flow continues. 
Almost from the beginning of its formation, the 
trapped white cells and platelets begin to modify the 
thrombus to initiate the process of organization. The 
neutrophils, and especially the macrophages, phagocy- 
tize fragments of fibrin and cell debris; in addition, 
released lysosomal enzymes, derived both from the 
white cells and from the platelets, begin to digest the 
coagulum. When a thrombus is quite large, the central 
region is protected from the diluting effect of the blood 
flow about the margins, and here the build-up of lyso- 
somal enzymes may be sufficient to produce central 
softening. Such a sequence is particularly likely to occur 
in large thrombi within the cardiac chambers or aneu- 
rysmal sacs. In passing, bacteremic seeding of such a 
digestate may convert the softened thrombus to a mass 
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delineated by the partially degenerated internal elastic membrane and is totally filled with organized 
clot, now traversed by many newly formed recanalized channels. 


of pus. Concurrently fibroblasts and capillaries prolif- 
erate and invade the base of the thrombus where it is 
attached to the underlying vessel wall. Growth factors 
derived from platelets and monocytes-macrophages 
probably contribute to this cellular proliferation. In 
time, the entire intravascular mass is organized and 
converted essentially into a vascularized connective 
tissue. The capillary channels may anastomose to pro- 
duce thoroughfares that traverse the thrombus and, 
indeed, provide new channels through which blood flow 
may at least in part be reestablished, a process known 
as canalization of the thrombus (Fig. 3-12). The re- 
growth of the endothelial cells over the surface of the 
thrombus covers it, thereby excluding it from the flow 
of blood. Since fibrous tissue contracts in the course of 
weeks to months, the thrombus is virtually incorporated 
within the vessel wall or cardiac chamber as a fibrous 
lump or thickening (Fig. 3-13). 

An overview of the critical steps involved in throm- 
bogenesis and the subsequent events that may follow is 
given in Figure 3-14. 

CLINICAL IMPLICATIONS. The clinical significance of 
a thrombus depends, as would be expected, on its size 
and particularly on its site, i.e., arterial or venous. 

Arterial thrombi in small vessels are occlusive and 
usually cause infarction of the dependent tissues (al- 
though there are exceptions, as discussed more fully on 
p. 111). Two of the major killers in affluent societies, 
myocardial infarction and cerebral infarction (encephalo- 
malacia), are related to thrombi in atherosclerotic ves- 
sels. Occlusive arterial thrombi rarely embolize since 
they are firmly wedged into the vessel at their sites of 
origin. However, thrombi in the cardiac chambers or 


Figure 3-13. An endothelialized mural thrombus within the left 
atrium of the heart. The surface is smooth and the clot has been 
converted into a firmly attached globular mass. 
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Thrombosis 


Figure 3-14. Summary of thrombogenesis. 

1, Endothelial injury releases tissue factor and exposes sub- 
endothelial connective tissues. 2, Platelet adherence and plasma 
clotting system are triggered. 3, Granule release and prostaglandin 
generation begin. 4, Platelet aggregation induced by released ADP 
and vasoconstriction (5HT, thromboxanes) result in primary (tem- 
porary) hemostatic plug. 5, Thrombin, thromboxanes, and endo- 
peroxides promote release reaction and irreversible aggregation; 
amorphous platelet mass and trapped red cells are enmeshed in 
fibrin to form definitive (permanent) hemostatic plug. 6, Endothelial 
plasminogen activator and plasma antithrombin check rapid clotting. 
7, Clot retraction (platelet contraction) and fibrinolysis reduce size 
of plug. 8, Organization (ingrowth of capillaries and fibroblasts, 
infiltration by polymorphonuclear leukocytes, and macrophages). 9, 
Endothelial regeneration gradually repairs the injured area. (Time 
scale: Steps 1 to 4, seconds to minutes; steps 5 to 7, several 
minutes to hours; steps 8 and 9, one to several days.) (Courtesy of 
Dr. Michael Gimbrone, Department of Pathology, Peter Bent 
Brigham Hospital.) 
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aorta are prime origins for emboli because they are 
almost always mural lesions and are vulnerable to frag- 
mentation by the rapid and turbulent flow of passing 
blood. The favored sites of lodgement of such emboli 
are discussed later (p. 106). 

Venous thrombosis (phlebothrombosis) rarely 
causes infarction of the dependent tissues because coll- 
lateral bypass channels soon enlarge sufficiently to main- 
tain the venous drainage of the affected part. There 
are, however, exceptions where bypasses do not exist 
as in the ovarian blood supply, and venous infarction 
may result. Venous thrombi nonetheless may cause local 
problems (to be discussed later). Far more important, 
venous thrombi such as those arising in the veins of the 
leg are prone to break loose or fragment, and embolize 
almost always to the lungs. Thrombi, particularly those 
in the deep leg veins, e.g., popliteal, femoral, and iliac, 
are the most frequent source of pulmonary emboli and 
are major causes of morbidity and mortality, especially 
in hospitalized individuals. It has been estimated that 
20 million deep vein thromboses occur annually in the 
United States.*! Postmortem studies on unselected med- 
ical and surgical patients have disclosed the incidence 
of deep vein thrombosis to be 34 and 60%, respec- 
tively.” In contrast to thrombi arising in superficial 
varicose veins of the lower extremities, which rarely 
embolize, those of the deep veins are responsible for 
over 600,000 new cases of pulmonary embolism and 
between 50,000 and 200,000 deaths annually in the 
United States.“ Potentially lethal deep vein thrombi 
are all the more important because they are so fre- 
quently insidious at their local site of origin. Despite 
the fact that necropsies reveal deep vein thrombi so 
frequently in hospitalized patients, they are detected 
clinically in only a small minority of these individuals 
(discussed later). More often than not, their presence 
is first suspected when the pdtient unexpectedly suffers 
a pulmonary infarction, or too often dies without warn- 
ing of a massive pulmonary embolus. 

In addition to their grave potential of embolizing, 
occlusive venous thrombi in the major outflow vessels 
of the leg may cause local signs and symptoms. Edema 
of the lower leg is one of the more common manifesta- 
tions. Analogously, thrombosis of the superficial veins 
of the leg, when varicosities are present, may cause 
some localized edema and predispose the skin in the 
affected area to infections following trivial trauma, with 
the development of indolent varicose ulcers that are 
most difficult to control. Thrombosed veins may be 
painful and tender to palpation. Thus, with thrombi in 
the veins of the calf muscles, dorsiflexion of the foot 
may elicit pain known as Homans’ sign. Similarly, simply 
squeezing the calf muscles will also elicit pain. The 
painfulness of some thrombosed veins has led clinicians 
to refer to venous thrombosis as thrombophlebitis. This 
designation would imply inflammation of the vein wall 
in association with a thrombus. However, microscopic 
examination of such veins rarely discloses significant 
evidence of inflammation, and the origin of the pain 
remains obscure. The term thrombophlebitis is firmly 


fixed in clinical parlance, but should be equated with 
phlebothrombosis. 

The many clinical conditions frequently associated 
with thrombosis have already been mentioned in the 
discussion of thrombogenesis. However, it should be 
emphasized that whatever the clinical setting, advanced 
age, bed rest, and immobilization increase the risk. 
Older patients are more likely to have heart disease 
with impairment of the circulation, reduced physical 
activity with less effective venous return from the lower 
extremities, and more advanced atherosclerosis. Thus, 
older patients confined to bed for any chronic illness, 
paraplegics, and even young individuals with an extrem- 
ity immobilized in a cast are at risk. For these reasons, 
venous thrombosis and its attendant pulmonary emboli 
are constant hazards to hospitalized patients. 

The clinical diagnosis of arterial thrombosis is usually 
made all too evident by the resultant infarction that it 
induces. On the other hand, as pointed out, the clinical 
diagnosis of venous thrombosis is extremely difficult. 
The fallibility of local clinical signs is notorious. Nonin- 
vasive techniques, such as ultrasound examination and 
impedance plethysmography, improve diagnostic accu- 
racy. However, in many instances radiographic venog- 
raphy with a contrast medium is required, or the 
demonstration of increased radioactivity over the site of 
an evolving thrombus following the intravenous admin- 
istration of !°I-labeled fibrinogen.” The reliability of 
these various procedures is beyond our scope and 
ultimately is very controversial. But most important is 
a high index of suspicion, greatly aided by a knowledge 
of the particular clinical settings in which thrombosis is 
likely to occur. 

Current approaches to the prevention and treat- 
ment of this condition are relevant to pathogenetic 
issues. Occupying front stage center today are methods 
designed to inhibit platelet aggregation.* Aspirin, in- 
domethacin, and other aspirin-like drugs have been’ 
shown to inhibit cyclooxygenase, which, it will be 
recalled, is necessary for the synthesis of endoperoxides 
(p. 54). It was hoped that platelet synthesis of throm- 
boxane A, could be lowered to inhibit platelet aggrega- 
tion and thrombogenesis. However, cyclooxygenase is 
also requisite for the synthesis of prostacyclin by endo- 
thelial cells. In an attempt to resolve this dilemma, very 
small doses of aspirin have been used because of the 
evidence that cyclooxygenase in platelets is more sus- 
ceptible to aspirin inhibition than the enzyme in endo- 
thelial cells.*7 More promising are a combination of 
aspirin and dipyridamole, since the latter is believed to 
enhance the action of prostacycylin,* or the new classes 
of drugs that serve as prostacyclin receptor agonists, 
thromboxane receptor antagonists, and thombroxane 
synthetase inhibitors.“ All these still experimental ap- 
proaches have not displaced the use of anticoagulants 
such as heparin in the patient at risk, but the use of 
anticoagulation therapy incurs the risk of hemorrhage, 
particularly in postsurgical patients. 

Another form of therapy still under trial involves 
treating already developed thrombi (particularly arterial 


thrombi as in the coronaries) with fibrinolytic agents 
such as streptokinase or urokinase. It is argued that 
once the thrombus has developed, heparin cannot do 
more than block its further build-up, whereas fibrino- 
lytics may augment the normal plasminogen system to 
hasten the removal of the thrombus.™ * The results to- 
date suggest that streptokinase, when infused within a 
thrombosed coronary artery within hours of a myocardial 
infarction, may be beneficial. However, the time limit 
and difficulty restrict the usefulness of this therapeutic 
approach. 

In closing this discussion of thrombosis, it is im- 
portant to point out that although many “high-risk” 
settings are known, thrombogenesis is a puzzling and 
unpredictable phenomenon. It may occur at any time, 
under any conditions, and indeed has appeared in 
young, vigorous individuals without apparent provoca- 
tion or predisposition. 


DISSEMINATED INTRAVASCULAR 
COAGULATION (DIC) 


A variety of disorders ranging from obstetric dif_i- 
culties to advanced cancer may be complicated by the 
sudden or insidious development of myriad fibrin 
thrombi in the microcirculation—DIC—followed soon 
by active fibrinolysis and a bleeding diathesis. The 
paradox of a thrombotic disorder leading to a hemor- 
rhagic tendency has been explained as follows. The 
rapid depletion of fibrinogen and platelets produces 
what has been called “consumption coagulopathy” or 
“defibrination syndrome.” Simultaneously the fibrino- 
lytic system is activated, leading to proteolytic digestiori 
of clotting factors as well as fibrinogen. In this manner 
the stimulus to thrombosis leads to a bleeding disorder. 
It should be noted that DIC is not a primary disorder. 
Rather, jt complicates the course of any disease associ- 
ated with the introduction or release into the blood of 
procoagulants or platelet-aggregating factors, e.g., 
thromboplastin tissue factor, thromboxane A,, and so 
forth. Jt is closely related to several other poorly under- 
stood conditions—thrombotic thrombocytopenic pur- 
pura, hemolytic-uremic syndrome, amniotic fluid infu- 
sion—all characterized by widespread deposition of 
fibrin and/or aggregation of platelets in the microcircu- 
lation. Thus, DIC is discussed on page 649, thrombotic 
thrombocytqpenic purpura on page 646, and the he- 
molytic-uremic syndrome on page 1048. Only amniotic 
fluid infusion needs characterization at this point. 


AMNIOTIC FLUID INFUSION 


As pointed out above, this condition may represent that 
form of DIC initiated by the entrance of amniotic fluid 
into the circulation. Whatever its nature it has become 
one of the principal causes of maternal death, since 
other major causes of maternal mortality such as pul- 
monary embolism, toxemia, and hemorrhage have come 
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under control. It is nonetheless rare (approximately one 
case per 80,000 deliveries), but has a mortality rate 
approaching 80%. Most fatalities occur during labor 
and delivery or the immediate postpartum period. 
Prompt delivery, perhaps by cesarean section, rescues 
most of the babies. 

Most patients with this condition are multiparous 
and somewhat older than the mean of obstetric patients. 
Although tumultuous labor, the use of uterine stimu- 
lants, traumatic delivery, and large babies have been 
said to be predisposing influences, these factors are 
encountered only in a minority of patients. Typically, 
the condition announces itself by the catastrophic onset 
of profound cardiovascular shock and respiratory diffi- 
culty with deep cyanosis, often accompanied by uterine 
atony and excessive hemorrhage. Convulsions and coma 
may appear in some cases just before death. Anatomi- 
cally, the diagnosis rests on the demonstration in the 
pulmonary capillaries of components derived from the 
amniotic fluid: (1) epithelial squames from the fetal skin, 
(2) lanugo hairs, (3) fat from the vernix caseosa, (4) 
mucin from the fetal gut, and (5) meconium (Fig. 3— 
15). Similar debris can sometimes be found in the 
vessels of other organs. In some cases fibrin thrombi 
can be shown in the pulmonary microcirculation, but 
their relative rarity may merely reflect active fibrino- 
lysis. 

The pathogenesis of this disorder is still poorly 
understood. Clearly there is the entrance of amniotic 
fluid into the maternal circulation made possible by a 
tear in the placental membranes and rupture of uterine 
and/or cervical veins. It is further proposed that the 
fetal head creates a plug in the lower uterine segment 
permitting uterine contractions to force fluid into the 
maternal circulation. However, there is some doubt 
whether obstruction of the pulmonary circulation by the 
particulate matter of amniotic origin adequately explains 
all the features of the clinical conditions. Anaphylactic 
shock, DIC (secondary to the entrance of thromboplastic 
factors present in the amniotic fluid) with consumption 
of coagulant factors, platelet aggregation, or the infusion 
of vasoactive substances derived from the amniotic fluid 
have all been proposed as alternative mechanisms. 
Attention has been directed to the possible role of 
various prostaglandins and thromboxane known to be 
present in amniotic fluid during labor. * Which spe- 
cific endoperoxide derivative is most important remains 
unknown, but several prostaglandins (particularly pros- 
tacyclin) and thromboxane A, have vasoactivity and 
effects on platelets. Further investigation is required to 
unravel the cause of, and to determine effective treat- 
ment for, this rare but diastrous disorder to spare the 
infant from being born into a motherless world. To date 
“this cause of maternal death remains unpredictable and 
largely unpreventable.’™ 


Embolism 


EMBOLISM 


An embolus is a detached intravascular solid, liquid, 
or gaseous mass that is carried by the blood to a site 
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distant from its point of origin. Virtually 99% of all 
emboli arise in thrombi (thromboembolism). Rare forms 
of emboli include fragments of bone or bone marrow, 
atheromatous debris from ruptured atherosclerotic 
plaques, droplets of fat, bits of tumor, foreign bodies 
such as bullets, and bubbles of air or nitrogen. Unless 
otherwise qualified, the term embolus implies thrombo- 
embolism. Inevitably, emboli lodge in vessels too small 
to permit their further passage, resulting in partial or 
complete occlusion of the vessel. Depending on their 
site of origin, emboli may come to rest anywhere within 
the cardiovascular system and are best discussed from 
the standpoint of whether they lodge in the pulmonary 
or systemic circulations, thus producing differing clinical 
effects. 


PULMONARY EMBOLISM 


This subject is discussed fully on page 711; only an 
overview is presented here. Occlusion of a large or 
medium-sized pulmonary artery is embolic in origin 
until proved otherwise. Thrombotic occlusion of these 
vessels is very uncommon and is virtually encountered 
only when pulmonary hypertension has led to athero- 
sclerotic or other hypertensive changes in the pulmo- 
nary arterial tree. Pulmonary embolism is generally 
considered to be the third most common acute cause of 
death in the United States; only heart attacks and strokes 
have a higher incidence. As pointed out earlier, there 
are over 600,000 new cases of pulmonary embolism each 
year in the United States, accounting for approximately 
10 to 15% of deaths of hospitalized patients who come 
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Figure 3-15. Amniotic embolism. Masses of dark mucous debris and desquamated squames are 
present in the pulmonary vessels and alveolar capillaries. 


to necropsy.” It is, then, a clinical disorder of the first 
magnitude. 

Over 95% of all pulmonary emboli arise in thrombi 
within the large deep veins of the lower legs—popliteal, 
femoral, and iliac veins (Fig. 3-16). Thrombi within 
veins of the calf muscles are less likely to cause signifi- 
cant emboli. Similarly, thrombi arising in superficial 
varicose veins rarely embolize, apart from the extremely 
small minority that propagate into larger outflow chan- 
nels. Other sites of venous thrombosis such as the veins 
in the pelvis—the periprostatic, broad ligament, peri- 
ovarian, and uterine veins—are also very uncommon 
sites of origin of emboli. 

Dislodgement, in part or whole, of a large venous 
thrombus produces an embolus that flows with the 
venous drainage through progressively larger vessels to 
the right heart. Unless the blood clot is very large, it 
passes through the capacious chambers and valves of 
the right side of the heart, and enters the pulmonary 
arterial circulation. Infrequently, long masses impact 
astride the bifurcation of the main pulmonary artery to 
create a saddle embolus (Fig. 3-17). More often, they 
occlude a major pulmonary vessel or pass further out 
into the periphery of the pulmonary vasculature to 
occlude smaller vessels. Occasionally, showers of small 
emboli may have the same effect as a large embolus. 
Rarely, emboli may enter the right side of the heart 
and pass through interatrial or interventricular septal 
defects to gain access to the arterial side of the circula- 
tion (paradoxical embolism). 

The clinical consequences of a pulmonary embolus 
range from sudden death to the development of a 
pulmonary infarct, or only a transient pulmonary hem- 


Figure 3-16. A large coiled embolus from the veins of the lower 


leg lies in the right ventricle and pulmonary artery, almost completely 
covering the pulmonary valve. 


orrhage to mild or no respiratory dysfunction. Many 
factors, discussed more fully on page 712, govern this 
variable outcome. Only some cursory comments are 
offered here. The size of the embolus (and therefore its 
site of lodgement within the pulmonary vessels) and the 
number of emboli are the prime factors in determining 
the extent of embolic obstruction and the likelihood of 
survival. 

When more than 50% of the major pulmonary 
arterial flow is suddenly obstructed, acute right ventric- 
ular failure and sudden death are likely. Thus, a large 
embolus in the main pulmonary artery or in its primary 


Figure 3-17. A large, Y-shaped saddle embolus from the femoral 
veins fills the pulmonary artery and its two major divisions. 
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division into right and left branches will probably cause 
sudden death before the changes of infarction can de- 
velop. Reflex or humoral vasoconstriction may worsen 
the perfusion deficit.°* Small emboli are less likely to 
cause sudden death. They travel out into the more 
peripheral areas of the lung, where they cause either 
pulmonary hemorrhages or infarcts.* Obviously, the 
number of emboli is of importance since all contribute 
to the extent of embolic obstruction. In this connection, 
it must be emphasized that the patient with a pulmonary 
embolus has a 30% chance of developing a second one 
and, should this happen, a 20% chance that this second 
episode will be fatal. 

The cardiopulmonary status of the patient prior to 
embolism is a key determinant of the outcome. A rela- 
tively small embolus may be fatal in an elderly individual 
with preexisting cardiopulmonary disease, but may have 
only limited impact on an otherwise healthy young 
individual. Similarly, the cardiopulmonary status of the 
patient influences the likelihood of infarction as opposed 
to hemorrhage. In one study it was shown that the 
larger the embolus and the more central the site of 
arterial occlusion, the less likely was there to be infarc- 
tion. Apparently large emboli tend to permit adequate 
collateral flow through the bronchial circulation to pre- 
serve the vitality of the affected segment of the lung, 
and thus cause only pulmonary hemorrhage.” However, 
the adequacy of the bronchial circulation is dependent 
on the cardiac status of the patient; therefore, in an 
individual with congestive failure, infarction rather than 
hemorrhage is likely. Smaller emboli that occlude distal 
branches more surely lead to infarction even in persons 
without congestive failure. 

The persistence of the embolic occlusion bears on 
the prognosis. It is well recognized that pulmonary 
emboli, once impacting within the pulmonary circula- 
tion, may shatter and travel out into more peripheral 
areas of the lung. Depending on the size of the frag- 
ments, they produce small pulmonary lesions or have 
no significant effect. At the same time, embolic occlusion 
activates the fibrinolytic system, as does the original 
venous thrombus. Sequential angiographic studies in- 
dicate that within 24 hours the flow begins to improve, 
which is attributable to fibrinolytic resolution. In some 
patients the resolution becomes complete within seven 
to 30 days. If resolution does not occur, the embolus 
will undergo organization. The organized clot may par- 
tially or totally obstruct the lumen of the vessel. Mul- 
tiple emboli, whether organized or not, may constitute 
a significant increased resistance to flow and lead to 
either acutely developing or chronic pulmonary hyper- 
tension. 

The promptness of diagnosis and institution of 
appropriate therapy (general supportive measures, an- 
ticoagulation, administration of fibrinolytics, and sur- 
gical procedures to prevent recurrent embolization) 
materially modify the outcome. It is estimated that the 
mortality rate is 30% in persons whose disease is not 
diagnosed correctly, dropping to 8% among those for 
whom treatment is promptly and effectively instituted.” 


Embolism 
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In summary, the major outcomes of a pulmonary 
embolus can be listed as follows:* 

1. Resolution by fragmentation or fibrinolysis oc- 
curs in 70 to 80%. 

2. Pulmonary infarction appears in 10 to 15%. 

3. Chronic pulmonary hypertension is a late sequel 
in about 5%. 

4, Death related to the sudden embolic occlusion 
occurs in about 8 to 12%. 


SYSTEMIC EMBOLISM 


This term refers to emboli that travel through the 
arterial circulation. Most arterial emboli (80 to 85%) 
arise from thrombi within the heart.” About 60 to 65% 
arise within the left ventricle secondary to myocardial 
infarction or some form of cardiomyopathy. An addi- 
tional 20% stem from mural thrombi in the left atrium 
secondary to rheumatic heart disease involving atrial 
fibrillation. Less common sources of arterial emboli 
include thrombi developing in relation to ulcerated 
atherosclerotic plaques of the aorta, aortic aneurysms, 
infective endocarditis, valvular or aortic prostheses, and 
paradoxical embolism from venous thrombi that gain 
access to the left side of the circulation through a right- 
to-left congenital cardiac anomaly. In about 10 to 15% 
of patients the source of the embolus is unknown. 

In contrast to venous emboli, arterial emboli follow 
a much more varied pathway, but they almost always 
cause infarction. Emboli from infective endocarditis 
caused by virulent organisms produce septic infarcts 
that may be rapidly converted to large abscesses. The 
major sites of lodgement of all systemic emboli are the 
lower extremities (70 to 75%), the brain (10%), visceral 
(10%— includes mesenteric, renal, and splenic), and the 
upper limbs (7 to 8%). The site of lodgement and the 
size of the embolus within the systemic vessels are 
obvious critical determinants of its significance. Embolic 
occlusion of the femoral artery is disastrous inasmuch 
as it causes infarction (gangrene) of the lower extremity, 
but it is not necessarily life threatening. In contrast, a 
much smaller embolus that occludes the middle cerebral 
artery may lead to death in days, or even hours. On the 
other hand, impaction in the circle of Willis, depending 
on the state of the cerebral vessels, may be entirely 
compensated for by collateral flow. As with pulmonary 
emboli, prompt diagnosis and effective treatment— 
general supportive measures, anticoagulation, embolec- 
tomy—have greatly improved the prognosis of both life 
and limb. However, a significant mortality rate persists, 
largely related to the serious cardiovascular diseases that 
occasioned the thromboembolism. 


AIR OR GAS EMBOLISM (CAISSON DISEASE OR 
DECOMPRESSION SICKNESS) 


Bubbles of air may gain access to the circulation 
during delivery or abortion when they are forced into 


ruptured uterine venous sinuses by the powerful con- 
tractions of the uterus. Air embolization may also occur 
during the performance of a pneumothorax when a large 
artery or vein is ruptured or entered accidentally. It 
may also be observed when injury to the lung or the 
chest wall opens a large vein and permits the entrance 
of air during the negative pressure phase of inspiration. 
These bubbles of air act as physical masses. Many small 
bubbles may coalesce to produce frothy, gaseous masses, 
sufficiently large to occlude a major vessel, usually in 
the lungs or brain. Aggregates of larger size may become 
trapped in the chambers of the right heart and block 
the orifice of the pulmonary artery. Sudden death may 
result. Large quantities of air, probably somewhere in 
the neighborhood of 100 cc, are required to produce 
problems; the small amounts commonly introduced dur- 
ing intravenous therapy are of no significance, since 
they rapidly dissolve in the plasma. 

When air or gas embolism is suspected, it is nec- 
essary at autopsy to open the heart and major pulmonary 
trunks under water to detect the escaping gas. At times 
the frothy appearance of the blood calls attention to the 
presence of the gaseous bubbles. 

A specialized form of gas embolism, known as 
caisson disease or decompression sickness, occurs in 
persons exposed to sudden changes in atmospheric 
pressures. When air is breathed under high pressure, 
increased amounts of the inspired gases dissolve in the 
blood, tissue fluids, and fat. Nitrogen, in fact, is more 
soluble in fat than in body fluids, so that obese individ- 
uals are at greater risk. If the individual decompresses 
too rapidly the dissolved oxygen, carbon dioxide, and 
nitrogen will come out of solution as minute bubbles. 
The oxygen and carbon dioxide will be rapidly reab- 
sorbed, but the nitrogen, which as mentioned has low 
fluid solubility, may remain as minute bubbles or may 
coalesce to form large masses of gas within the blood 
vessels and tissues. The sequence may occur in deep 
sea and scuba divers who ascend to the surface too 
rapidly, or during air flight in unpressurized cabins with 
rapid ascent to high altitudes. 

Clinical symptoms arise from several sources. Gas- 
eous bubbles may be formed within the interstitial 
tissues of the body, particularly within muscles, ten- 
dons, and ligaments, as a result of the changing local 
tissue tensions in these sites. Numerous minute emboli 
of nitrogen gas may emerge within vessels, causing, in 
the aggregate, vascular obstructions. Platelets may ad- 
here to these bubbles and release such vasoconstrictive 
agents as serotonin and epinephrine. Concomitantly, 
platelet factor 3 may activate the coagulation mecha- 
nism. This combination of ischemic influences in and 
around the joints and skeletal muscles causes the patient 
to double up in pain, a phenomenon known as the 
bends. The same process may induce ischemic injury to 
the brain, causing mental disturbances and even coma. 
A similar mechanism in the lungs evokes edema, hem- 
orrhages, and focal atelectasis or emphysema, leading 
sometimes to “the chokes’ —sudden respiratory distress. 
Gas bubbles may cause infarction of the highly vascu- 


larized bones, with destruction of articular surfaces and 
joints. The heart may also be affected. These symptoms 
are promptly relieved by placing the individual in a 
compression chamber where the solution of the bubbles 
of nitrogen is accomplished by raising the barometric 
pressure. 


FAT EMBOLISM SYNDROME 


The fat embolism syndrome is basically character- 
ized by progressive pulmonary insufficiency, mental 
deterioration, and sometimes renal insufficiency, usually 
developing 24 to 72 hours after fractures of bones 
containing fatty marrow, or after severe trauma to 
adipose tissue. The clinical findings have long been 
related to the entrance of myriad fat droplets into 
ruptured vessels, with extensive microembolic occlu- 
sions of the pulmonary, renal and cerebral circulations 
(Fig. 3-18). Currently, however, there is a growing 
suspicion that the pathogenesis of this condition is more 
complex, as discussed later. Embolic fat can be iden- 
tified at necropsy in approximately 90% of patients with 
multiple traumas and fractures.** However, only about 
0.5 to 2% of patients with a single fracture or 5 to 10% 
of those with pelvic or multiple long-bone fractures 
develop clinical manifestations. Once developed, the 
syndrome has grave significance and a 10 to 15% overall 


Figure 3-18. Fat embolism in the brain. An aggregate of darkly 
staining microemboli of fat (arrow) blocking a capillary in the brain. 
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mortality rate, which, as might be expected, worsens 
with increasingly severe fractures. 

Fat embolism can also be identified at postmortem, 
usually as a clinically insignificant finding in a variety of 
nontraumatic conditions such as alcoholism, diabetes 
mellitus, and chronic pancreatitis. The fact that trauma 
is not involved in any of these clinical conditions un- 
derscores the need to reconsider the pathogenesis of 
the fat embolism syndrome. 

The various causative theories are interrelated and 
can be characterized as (a) mechanical, (b) emulsion 
instability-stress, (c) intravascular coagulation, and (d) 
chemical injury. 

The mechanical theory is applicable to cases with 
severe trauma to adipose tissue or fat-bearing bones. 
Rupture of small vessels and damage to fat cells set the 
stage for the entrance of globules. Emboli greater than 
20 microns in diameter are filtered out in the lungs to 
produce respiratory difficulties. Smaller emboli may 
squeeze through the pulmonary circulation to be dis- 
persed throughout the arterial system, with greatest 
impact on the brain. 

The emulsion instability-stress theory proposes that 
severe trauma or stress induces physicochemical 
changes in the blood leading to coalescence of chylo- 
microns into fat droplets. With any form of stress there 
is catecholamine release, with mobilization of lipids. 
The increased blood levels of neutral fats and free fatty 
acids may then induce the formation of more and larger 
chylomicrons, which may coalesce to produce the fat 
emboli. Adhesion and aggregation of platelets would 
enlarge their physical size.© 

The coagulopathy theory is basically an extension 
of the mechanical and emulsion instability hypotheses. 
It proposes that intravascular coagulation is the major 
mediator of the obstructive features of the fat embolism 
syndrome, and that fat emboli potentiate and augment 
the process. This view of the pathogenesis of the fat 
embolism syndrome likens it to a specialized form of 
disseminated intravascular coagulation. 

The chemical theory points to free fatty acids in the 
plasma as a cause of microvascular toxic injury and 
capillary blockage. Under normal circumstances, free 
fatty acids in the plasma are bound to albumin and are 
nontoxic. With stress there is increased mobilization of 
fatty acids to a level at which all can no longer be bound 
to albumin. The fatty acids then cause a chemical 
vascular lesion, principally in the lungs.™ 

All these proposed mechanisms may be valid. The 
fat embolism syndrome could be initiated by microglob- 
ules of fat derived either from injured bone marrow or 
peripheral fat depots. Stress-emulsion instability might 
then make a further contribution. Interactions with 
platelets could initiate intravascular coagulation. Release 
of fatty acids might then add an element of chemical 
injury. In this manner, respiratory failure and cerebral 
injury might occur.” 


Embolism 


MORPHOLOGY. The diagnosis of this condition when 
suspected can sometimes be confirmed during the autopsy 
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by gentle pressure on fresh slices of lung tissue immersed 
in saline, which releases the fat globules and permits them 
to float to the surface. Microscopic demonstration of the fat 
emboli within the vessels, principally of the lungs and brain, 
requires the use of frozen sections and fat stains, thereby 
avoiding the usual solvents employed in paraffin embedding 
of tissues. In addition there are a variety of pulmonary 
changes comprising essentially patchy foci of pulmonary 
edema, congestive atelectasis, and the escape of protein- 
rich fluid into the alveolar spaces with the formation of 
hyaline membranes—findings identical to those in the adult 
respiratory distress syndrome (p. 714). The central nervous 
system changes are extremely variable and depend on the 
severity of brain involvement and the duration of survival. At 
an early stage the brain may appear entirely normal on 
gross inspection, but it may contain microemboli of fat, 
demonstrable by the methods just described. Over the 
course of a few days, cerebral edema may appear, accom- 
panied by microfoci of hemorrhage, most visible in the white 
matter. 

Well-developed microinfarcts are sometimes present, 
but are uncommon. Characteristically there are petechiae of 
the skin (most prominent over the upper body), conjunctivae, 
and serosal membranes. 


FLUID AND HEMODYNAMIC DERANGEMENTS 


The fat embolism syndrome must be suspected 
when a patient develops sudden respiratory difficulty 
24 to 72 hours after severe trauma (usually involving 
fracture of one or more large bones). However, as 
mentioned earlier, the syndrome may also occur in a 
wide variety of other settings, many of which are not 
associated with trauma. Central nervous system changes 
are classic but do not always appear. Other frequent 
features include petechiae on the skin and conjunctivae 
and fat microglobules in the urine. In some cases there 


is an abrupt drop in the plasma concentrations of 


fibrinogen and factors V and VIII as well as a transient 
fall in the platelet count. The blood levels of lipids, 
especially free fatty acids, are often elevated, as is the 
lipase activity. Supportive therapy, directed mainly to 
improving the respiratorv insufficiency, is usually nec- 
essary, but as previously noted, 10 to 15% of patients 
die with the full-blown syndrome. 


INFARCTION 


An infarct is a localized area of ischemic necrosis 
in an organ or tissue resulting from sudden reduction 
of either its arterial supply or venous drainage. The 
vascular impediment is usually caused by thrombosis 
and/or embolism. However, vascular occlusion does not 
necessarily produce an area of ischemic necrosis, as will 
soon be seen. It may cause only atrophy or focal cell 
death or may even be without effect. 

Interruption of the arterial blood supply to a tissue 
produces ischemic necrosis more certainly than does 
venous obstruction. Thrombosis of veins may lead to 
pulmonary arterial embolism, but if the thrombus re- 
mains in situ it may cause only stasis for a brief period 
until the increased venous pressure distal to the obstruc- 
tion leads to dilatation of bypasses, which at least 


partially restores the vascular flow in the affected tissue. 
However, in organs having a single venous outflow 
channel devoid of bypass channels, occlusion of this 
outflow may induce infarction. Examples of this are seen 
when the venous drainage of the testis or ovary is 
blocked. Arteria] flow must soon come to a standstill, 
since it has no escape through venous bypasses, and 
infarction often develops. 

Much more rarely, narrowing of a vessel and in- 
farction may be caused by other forms of vascular 
disease, such as a large atherosclerotic plaque in the 
wall of a medium- or small-sized artery, or by compres- 
sion of vessels by expansile tumors or inflammatory 
fibrous adhesions. Mvocardial infarcts may result when 
marked atherosclerosis severely narrows a coronary ar- 
tery to a point where the available blood supply is 
inadequate to meet the myocardial demands (p. 556). 
Quite recently, spasm of already atherosclerotic and 
narrowed coronary arteries has aroused interest as an- 
other possible mechanism that may contribute to myo- 
cardial infarction. Vascular narrowing or occlusion may 
also result from the twisting of the pedicle of a mobile 
viscus, such as a loop of bowel or the ovary. The venous 
drainage or arterial supply of loops of bowel, which 
become trapped in narrow-mouthed hernial sacs, may 
also become severely reduced or totally compromised. 
External pressures and torsions usually lead to embar- 
rassment of venous flow, since the veins are more readily 
compressed than the arteries. 

TYPES OF INFARCTS. Infarcts are classified on the 
basis of their color and the presence or absence of 
bacterial contamination. Infarcts are either anemic 
(white) or hemorrhagic (red). 

White infarcts are encountered (1) with arterial 
occlusion and (2) in solid tissues. When a solid tissue is 
deprived of its arterial circulation, the infarct may be 
transiently hemorrhagic, but most become pale in a 
very short time. The reasons for the development of 
pallor in most organs are as follows. In the area of 
ischemia, vessels (particularly the capillaries) as well as 
parenchymal cells are destroyed. At the moment of 
vascular occlusion, blood from anastomotic peripheral 
vessels flows into the focus of injury, producing the 
initial hemorrhagic apprearance. If the tissue affected is 
solid, the seepage of blood is minimal. Soon after the 
initial extravasation, the red cells are lysed, and the 
released hemoglobin pigment either diffuses out or is 
converted to hemosiderin. In solid organs, therefore, 
the arterial infarct will soon (24 to 48 hours) become 
pale. The heart, spleen, and kidneys are representative 
of solid, compact organs that tend to have pale intarcts 
(Fig. 3-19). 

Red infarcts are encountered usually (1) with ve- 
nous occlusions, (2) in loose tissues, (3) in tissues with 
a double circulation, and (4) in tissues previously con- 
gested. The loose, honeycombed tissue of the lung 
provides an example of hemorrhagic infarction secon- 
dary to arterial obstruction. At the moment of infarction, 
large amounts of hemorrhage collect in the spongy 
pulmonary parenchyma, so the arterial infarction re- 
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Fig. 3-19 


? 


Figure 3-19. Multiple small, peripheral, pale infarcts in a spleen viewed from the capsular surface 
and in cross section. 
Figure 3-20. A sharply circumscribed hemorrhagic infarct in the lung. 
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mains red (Fig. 3-20). However, pale -infarcts may 
occasionally be encountered in the lung or hemorrhagic 
infarcts in the compact organs. Prior congestion may 
lead to hemorrhagic infarction as occurs, for example, 
with twisting of the pedicle of the ovary. The thin- 
walled ovarian veins are occluded first, causing intense 
congestion and infarction with or without occlusion of 
the artery. The small intestine is another site where red 
infarcts typically occur. Venous occlusions or even ar- 
terial occlusions may cause hemorrhagic infarction of 
long segments of the intestine. The explanation lies in 
the rich arterial anastomoses between the many 
branches of the superior mesenteric artery, which per- 
mit arterial flow to the injured segment through anas- 
tomosing arcades. Indeed, this type of vascular supply 
may well protect against ischemic damage (p. 111). 
Hemorrhagic arterial infarction is sometimes encoun- 
tered in the brain as well. An embolus to a large artery 
such as the middle cerebral may produce a nonhemor- 
rhagic area of cerebral infarction. Soon thereafter, the 
embolus may shatter, and the fragments may move into 
smaller, more peripheral branches. Reflow through the 
major trunk may vield extensive hemorrhage into the 
primary area of ischemic necrosis. 

Infarcts are also classified as either septic or bland, 
depending on the presence or absence of bacterial 
infection in the area of necrosis. Bacterial contamination 
may be due to organisms present in the tissue prior to 
the development of the ischemic necrosis, as in infarc- 
tion of a lung already affected by bacterial pneumonia; 
may be brought to the area by an infected blood clot, 
as occurs with embolization of a fragment of bacterial 
vegetation from a heart valve; or may result from 
bacteremic seeding of the margins of the area of ischemic 
necrosis. 


FLUID AND HEMODYNAMIC DERANGEMENTS 


MORPHOLOGY. Whether hemorrhagic or pale, all in- 
farcts tend to be wedge-shaped, with the apex of the wedge 
pointing toward the focus of vascular occlusion. Since all the 
dependent tissue out to the periphery of the organ is affected, 
the external aspect of the organ forms the base of the 
wedge. The exact outline of the infarct may be quite variable, 
and sometimes maplike patterns result from the preservation 
of small marginal areas of tissue that have different and 
unaffected sources of blood supply. 

A few hours after onset, all infarcts are somewhat poorly 
defined, are slightly darker in color than normal, and have a 
firmer consistency than surrounding normal tissue. During 
the next 24 hours, the demarcation becomes better defined, 
and the color change is more intense. In solid organs, the 
infarct may then appear paler than normal as the small 
amounts of hemorrhage are lysed, whereas in the spongy 
tissues the massive hemorrhage makes the lesion red-blue. 
The firmer consistency of the infarct is due to the suffusion 
of blood or inflammatory exudation. 

In the course ofaseveral days, pale infarcts become 
yellow-white and sharply demarcated, while the appearance 
of the pulmonary hemorrhagic infarcts remains relatively 
unchanged. The margins of both types of infarcts tend to 
become better defined by a narrow rim of hyperemia due to 
the marginal inflammatory response (Fig. 3-21). The in- 
volved surface of the organ is usually covered by an inflam- 
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Figure 3-21. A low-power view of a small renal infarct enclosed 
within a zone of dark hyperemia and hemorrhage. 


matory exudation, which is commonly fibrinous. In venous 
thrombosis and infarction as, for example, in the small 
intestine, the areas of hemorrhagic necrosis may be some- 
what poorly delimited. 

The characteristic cytologic change of all infarcts, 
save those in the brain, is ischemic coagulative necrosis 
of the affected cells (p. 15) (Fig. 3-22). The tissue cells 
undergo the progressive changes of coagulative necrosis 
and resorption discussed in Chapter 1. These basic changes 


coagulated tubules remain (above) and are separated from the 
normal renal substance by a wide band of fibrosis. 


may be considerably masked or modified by the extensive 
hemorrhage in hemorrhagic infarcts and by the bacterial 
suppuration in septic infarcts. If the vascular occlusion has 
occurred only a few hours prior to the death of the patient, 
there may be no demonstrable cellular change, since there 
may have been insufficient time for enzymic alteration of the 
dead cells. If the patient survives for about 12 to 18 hours, 
only hemorrhagic suffusion may be present. 

Inflammatory exudation begins after the first few hours 
and becomes better defined over the next few days. The 
inflammatory reaction is followed by a fibroblastic, reparative 
response beginning in the preserved margins. Some paren- 
chymal regeneration may occur at the periphery where the 
underlying framework of the organ has been spared. How- 
ever, in most cases the necrotic focus is eventually replaced 
by scar tissue. In very large infarcts, replacement of the 
central necrotic tissue may be long delayed. In some infarcts, 
months-old, dense, fibrous scar may be found enclosing 
areas of persistent ischemic necrosis. Ultimately, however, 
these infarctions end up as fibrous scars, just as do all areas 
af extensive tissue destruction (Fig. 3-23). 

The brain is an exception to these generalizations. 
When it suffers ischemic necrosis the affected area promptly 
and rapidly undergoes liquefaction (p. 15). The microglia 
constitute the scavenger cells of the brain, and these phag- 
ocytize the cellular debris while the other glial cells in the 
margins proliferate and invade the area (gliosis) to form the 
reparative scar. 

With septic infarction the lesion is converted to an 
abscess and, if seen at a very late stage, may be unrec- 
ognizable as an infarct. The inflammatory reaction is corre- 
spondingly greater, but the eventual sequence of organiza- 
tion follows the pattern already described. 


FACTORS CONDITIONING SEVERITY OF INJURY RE- 
SULTING FROM VASCULAR OCCLUSION. Both arterial and 
venous vascular obstructions may be without effect or 
may cause only atrophy or single cell necroses. The 
extent to which a tissue is disturbed by occlusion of its 
venous or arterial connections depends on a number of 
factors: (1) the general status of the blood and the 
cardiovascular system, (2) the anatomic pattern of the 
vascular supply, (3) the rate of development of the 
occlusion, and (4) the vulnerability of the tissue to 
ischemia. 

General Status of Blood and Cardiovascular System. 
Any systemic alteration that reduces the oxygen-carrying 
capacity of the blood, or the velocity and volume of 
blood flow through the tissue, predisposes to infarction. 
Severe anemia or hypoxemia (as in chronic cardiac or 
lung disease) also predisposes to infarction. Anemia may 
exert its effect not only by reduction in the hemoglobin 
mass but also in other ways. Sickle cell anemia is 
characterized by logjamming of the misshapen erythro- 
cytes, and the stasis creates tissue hypoxia. Infarctions 
are common in these patients. In the very aged patient 
with marked coronary atherosclerosis, myocardial in- 
farction may occur subsequent to the development of 
severe anemia or sudden drops in blood pressure, even 
in the absence of total occlusion of a vessel. Cardiac 
failure, blood loss, and shock impair the oxygenation of 
all tissues and thereby render tissues vulnerable to 
further diminution of their vascular supply. 
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Figure 3-23. Numerous old myocardial infarcts have resulted in 
scattered pale fibrous scars throughout the myocardium. 


Anatomic Patterns of Arterial Supply. The various 
tissues and organs of the body receive their arterial 
supply through one of four patterns: (1) a double blood 
supply; (2) parallel arterial systems; (3) a “single” arterial 
supply with rich interarterial anastomoses; and (4) a 
“single” arterial supply with few anastomoses, insuffi- 
cient to provide adequate bypass channels, so-called 
“end arteries.” Obviously there are many gradations 
between the last two patterns. The lungs and the liver 
are examples of organs fortunately provided with dual 
blood supplies. In individuals having a normal hemato- 
logic and cardiovascular status, the bronchial circulation 
is often capable of preventing ischemic necrosis when a 
radicle of the pulmonary artery is obstructed. Similarly, 
infarction is extremely uncommon in the liver because 
the portal supply of blood may be adequate even when 
the hepatic arterial flow is compromised. However, in 
the presence of cardiac failure, severe anemia, or re- 
duced oxygenation of the blood, occlusion of one system 
may precipitate ischemic necrosis. 

Parallel arterial systems are encountered in the - 
forearm and brain. Either the radial or the ulnar artery 
is sufficient to sustain the vitality of the tissues of the 
forearm when the other is occluded. The brain with its 
circle of Willis is protected from ischemic injury result- 
ing from an occlusion at any point in the circle of Willis 
or in one of the major arterics supplying the circle. 
Such a proposition, of course, implies the absence of 
preexisting vascular disease within the circle of Willis. 
These comments should not be construed to apply to 
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the arterial supply to the brain derived from the circle 
of Willis. Occlusion of one of the cerebral or cerebellar 
arteries will, of course, cause infarction of the dependent 
region of the brain. 

The small intestine is the prototype of a tissue 
enjoying an arterial supply with rich interarterial anas- 
tomoses. The branches of the superior mesenteric artery 
are interconnected by looping arcades enabling blood 
to bypass focal occlusion. If, however, one of the primary 
divisions of the superior mesenteric artery or the main 
artery itself is obstructed, the arcades cannot provide 
compensation. 

The kidney is the unfortunate victim of an arterial 
supply composed of “end arteries.” The major branches 
of the renal artery supply well-defined segments of the 
kidneys, and occlusion of one of the major branches or, 
of course, the main renal artery is almost invariably 
followed by ischemic necrosis. 

The heart is an example of an organ having an 
intermediate pattern of fairly rich interarterial anasto- 
moses that may compensate for narrowing or occlusion 
of one of the three main trunks of the coronary arterial 
system. Perfusion techniques have confirmed the pres- 
ence of fine interarterial anastomoses joining each of the 
major coronary trunks to the others.“ When one major 
trunk is compromised, the collateral supply from an 
unaffected trunk may suffice to prevent ischemic injury. 

Thus, the anatomic pattern of the vascular supply 
of a tissue materially modifies the consequence of a 
vascular occlusion. 

Rate of Development of Occlusion. Slowly devel- 
oping occlusions are far better tolerated than those 
occurring suddenly, since they provide an opportunity 
for alternative pathways and collaterals to become acti- 
vated. 

Vulnerability of Tissue to Ischemia. Tissues of the 
body vary widely in their susceptibility to ischemic 
hypoxia. The ganglion cells of the central nervous system 
are undoubtedly the most sensitive, and complete anoxia 
for a period of only a few minutes may produce irrever- 
sible changes. Indeed, a hierarchy of vulnerability to 
ischemia has been described for the varying cell types 
within the brain.” Cerebral cortical neurons are most 
sensitive to hypoxia, followed in order by those in the 
cerebellum and by those in the basal ganglia. The glial 
cells are more resistant than ganglion cells but also have 
differing sensitivities. The epithelial cells of the proximal 
convoluted renal tubules (more so than the other tubular 
segments) and the myocardial cells are likewise exquis- 
itely sensitive to hypoxia. By contrast, the mesenchymal 
tissues of the body are in general quite resistant. The 
robustness of the fibroblast may permit the framework 
and stroma of a tissue to remain vital despite ischemic 
necrosis of its more sensitive parenchymal cells. 

CLINICAL SIGNIFICANCE OF INFARCTION. In the U.S. 
over half of all deaths are caused by cardiovascular 
disease. Most of these cardiovascular deaths result from 
myocardial and cerebral infarctions. Coronary heart 
disease alone accounts for about 30% of all the mortality, 
and myocardial infarction is by far the predominant 


cause of fatal coronary heart disease. Cerebral infarction 
(encephalomalacia) is also the most frequent type of 
central nervous system disease. Pulmonary infarction is 
an extremely common complication in a variety of 
clinical settings, as has been indicated, and is reported 
to be the cause of death in 10 to 15% of hospitalized 
patients. Renal infarction does not have the paramount 
importance of these other forms mentioned. It is, none- 
theless, an occasional cause of renal failure and death 
and is a not uncommon cause of clinical signs and 
symptoms. Ischemic necrosis (gangrene) of the lower 
extremities is a relatively unusual clinical problem in 
the population at large but is a major concern in 
diabetics. Infarction of tissues, therefore, is a common 
cause of clinical illness. 

Thrombosis, embolism, and infarction may strike 
without notice, but even worse, they are proverbial 
vultures, stalking every ill, bedridden, and aged patient 
who regrettably is least able to cope with them. 


SHOCK 


Shock, often referred to as hemodynamic or vas- 
cular collapse, may be caused by any serious assault on 
the bodys homeostasis, such as profuse hemorrhage, 
severe trauma or burns, extensive myocardial infarction, 
massive pulmonary embolism, or uncontrolled bacterial 
sepsis. Although the initiating hemodynamic derange- 
ment among such varied clinical conditions may differ, 
ultimately all cases of shock are characterized by a 
disproportion between the circulating blood volume and 
the volume of the circulatory system that needs to be 
filled. The disproportion is usually secondary to blood 
loss, reduced cardiac output, or deranged peripheral 
vasomotor control. Thus, an effective circulating blood 
volume cannot be maintained.” Shock may be defined, 
then, as a state of inadequate perfusion of all cells and 
tissues, which at first leads to reversible hypoxic injury, 
but if sufficiently protracted or grave, to irreversible 
cell and organ injury and sometimes to the death of the 
patient. The cellular hypoxia induces a shift from aerobic 
to anaerobic metabolism, resulting in increased lactate 
production and sometimes in lactic acidosis. Thus, the 
syndrome begins as a hemodynamic problem that even- 
tuates in a cellular oxygen deficit and metabolic derange- 
ment. 

The clinical signs and symptoms of shock are incon- 
stant and vary with the precipitating insult and the 
duration of the shock state. The most classic syndrome 
consists of hypotension, a weak thready pulse, tachycar- 
dia, hyperventilation, cool clammy skin, pallor or some- 
times cyanosis, oliguria, and variable mental changes 
(obtundation, restlessness, or apprehension). With 
shock induced by bacterial sepsis there may at first be 
peripheral vasodilatation, and the patient may appear 
warm, dry, and flushed for a time, but with progression 
the more classic syndrome appears. In addition to the 
clinical features relating to the shock state, the patient 
may also manifest the signs and symptoms relating to 


the precipitating disease, e.g., severe chest pain in 
myocardial infarction, or the disability and discomfort 
produced by the trauma or burn. 

CLASSIFICATION. The terminology and classification 
of shock vary. Sometimes the terminology is based on 
the nature of the precipitating event, e.g., “traumatic 
shock,” “burn shock,” and “septic shock.” Such terms, 
however, provide no clue to the pathophysiologic de- 
rangement responsible for the shock state. Toward this 
objective the following classification (Table 3-4) can be 
offered. Each of the categories represents a distinctive 
hemodynamic mechanism of reducing the effective cir- 
culating blood volume. 

Reduced cardiac output, often referred to as car- 
diogenic shock, constitutes in essence “pump failure.” 
Myocardial infarction is overwhelmingly the commonest 
cause of marked reduction of the cardiac output, but 
the other conditions cited within this category have the 
same consequence. 

Hypovolemia as a mechanism is frequently called 
hemorrhagic shock. However, hypovolemia may be 
related to fluid loss, such as vomiting, diarrhea, exces- 
sive transudation and exudation of fluid from burn 
wounds, or sequestration of transudate and exudate in 
the peritoneal cavity. The basis for the reduction in 
effective circulating blood volume is obvious. 

Pooling of blood in the peripheral circulation is 
another way in which the effective circulating blood 
volume may be reduced. Blood may be impounded in 
the periphery by interference with the neural controls 
of normal vasomotor function. The arterial pressure is 
normally maintained by both the cardiac output and the 
peripheral resistance exerted at the level of peripheral 
arterioles. With diminution of this peripheral resistance, 


Table 3-4. PATHOPHYSIOLOGIC CLASSIFICATION 
OF SHOCK 


Cardiogenic Shock (Pump Failure)—Reduced Cardiac Output 


Myocardial infarction 
Rupture of heart 
Cardiac tamponade 
Pulmonary embolism 
Obstruction to valvular orifice—ball valve thrombus, atrial 
myxoma 
Arrhythmias—severe bradycardia, ventricular tachycardia, or 
fibrillation 
Hypovolemia 
Hemorrhage 
Fluid loss 
vomiting 
diarrhea 
excessive sweating 
extensive bone or soft tissue injury 
burns 
intraperitoneal sequestration of fluid—ascites, peritonitis, 
pancreatitis, bowel gangrene 
Pooling of Blood in Periphery 
Neuropathic—spinal cord injury, anesthesia, ganglionic and 
adrenergic blocker drugs 
Bacterial infection—gram-negative endotoxemia, gram-positive 
septicemia 
Other Mechanisms 
Anaphylaxis 
Disseminated intravascular coagulation 
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the capillary and venular beds at first become distended 
with blood. Venoconstriction may then occur, impound- 
ing the blood within the periphery. Bacterial infection, 
often called septic or bacterial shock, also produces 
peripheral pooling. The most common organisms in- 
volved are the “gram-negative” endotoxin-producing 
aerobic rods—E. coli, Klebsiella pneumoniae, Proteus 
species, and Pseudomonas aeruginosa—hence the des- 
ignation endotoxic shock.’! Gram-positive septicemias, 
particularly pneumococcal or streptococcal, may pro- 
duce a similar clinical syndrome. Whatever the offend- 
ing agent, the peripheral circulation is affected. Direct 
toxic injury possibly induces arteriolar vasodilatation 
and pooling of blood. The elevated capillary pressure 
leads to escape of plasma water into the interstitial 
compartment, further impinging on the circulating 
blood volume. An inflammatory-immune reaction con- 
ceivably leads to the release of vasodilators, such as 
histamine and complement fractions, further reducing 
the effective circulating volume.” Now it may be ap- 
parent why some patients appear warm and flushed. 
Platelet activation and the formation of thromboxane A, 
may add an element of platelet aggregation, possibly 
with activation of the clotting sequence and the induc- 
tion of disseminated intravascular coagulation.” There 
is no dearth of theories. 

A number of other mechanisms may induce shock. 
With anaphylaxis, there is production of anaphylatoxins 
and release of histamine from mast cells, both causing 
peripheral vasodilatation. Concomitant vascular injury 
with increased transudation and exudation provides yet 
another mechanism for disruption of the hemodynamic 
homeostasis. Disseminated intravascular coagulation 
poses a complex problem. It may in some instances 
initiate shock. More often, DIC appears as a complica- 
tion that develops late in shock, initiated by other 
mechanisms. As pointed out above, it may occur during 
endotoxic shock, when it appears to be an effect rather 
than the cause of the shock state. In any event it is clear 
that in all of the categories, the normal hemodynamics 
are unhinged and lead to the low-perfusion state char- 
acteristic of shock. 

PATHOGENESIS. Shock is a progressive disorder 
that, if unhalted, spirals downward into ever more grave 
levels of hemodynamic and metabolic deterioration. The 
pathogenesis is best considered, then, from the stand- 
point of the evolution of the changes over time. The 
progression may be tumultuous, and the patient may go 
into profound shock within minutes of a massive hem- 
orrhage or extensive myocardial infarct involving more 
than 40% of the left ventricular wall. More often, it 
evolves over a span of hours. It should be emphasized, 
however, that progression is not inevitable and by no 
means all patients die. With mild shock, such as may 
occur in a previously healthy individual with an acute 
loss of as much as 10% of the normal blood volume, 
reflex compensatory mechanisms may maintain ade- 
quate perfusion of vital organs, and the patient may 
recover relatively promptly, often without treatment. 
Even with a more serious insult, therapeutic interven- 
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tion aimed at restoring the circulating blood volume 
and arterial pressure can usually interrupt the natural 
course. Indeed, although death may be caused by the 
direct effects of hypoxic injury to vital organs, more 
often the mortality is related to inability to control the 
initial event that precipitated the shock. Recognizing, 
then, that the following sequence of events is not 
inevitable, three somewhat arbitrary stages or phases of 
shock can be defined. 

Stage I. Compensated hypotension—“early shock.” 
Whatever the basis for the reduction in circulating blood 
volume and_ hypotension, reflex mechanisms are 
promptly activated, speeding the heart rate and con- 
stricting the peripheral arteriolar bed. As pointed out 
earlier, in endotoxic shock there may be a transient 
period of peripheral vasodilatation, but it soon gives 
way to vasoconstriction. The vasoconstriction is me- 
diated by the discharge of norepinephrine from sym- 
pathetic nerve endings, and both norepinephrine and 
epinephrine from the adrenal. The extent of the con- 
striction differs among the vascular beds. It is most 
profound in the skin and skeletal muscles, thereby 
diverting flow elsewhere, particularly to the brain and 
heart. Cerebral blood vessels lack sympathetic inner- 
vation, while the vasculature of the heart, despite its 
rich sympathetic connections, is largely under the con- 
trol of local metabolism. At the same time, the renin- 
angiotensin-aldosterone axis is called into play, which 
contributes to peripheral vasoconstriction and more 
gradually restores blood volume by retaining sodium 
and water. Other humoral factors such as antidiuretic 
hormone (ADH) and prostaglandins, as well as local 
autoregulatory mechanisms, also contribute to the re- 
sponse. At this stage in the evolution of the shock state 
the patient might well manifest tachycardia and some 
coolness and pallor of the skin, although the function of 
vital organs is not yet seriously impaired. Therapeutic 
intervention, if needed, would very likely arrest the 
progression of the shock state, but in the absence of 
significant hypotension the gravity of the situation might 
go unappreciated. 

Stage Il. Tissue hypoperfusion. If therapy has not 
been instituted and the compensatory mechanisms, 
although maximal, are insufficient to correct the deficit 
in circulating blood volume, the stage of tissue hypo- 
perfusion commences. Even the vital organs—brain, 
heart, lungs, and kidneys—are affected. The oxygen 
deficit forces the cells to revert to anaerobic glycolytic 
metabolism to the extent possible. Pyruvate, formed 
from the metabolism of glycogen and glucose, is con- 
verted to lactic acid. Cellular acidosis may then develop 
and lactate may spill over into the plasma to produce a 
lactic acidosis. The reduced hepatic blood flow and 
impaired clearance of lactate contributes to the lactic 
acidosis, which constitutes one of the characteristic 
metabolic changes in all forms of fully-developed shock. 
At the same time, a sequence of microcirculatory 
changes unfolds to worsen the ever-deepening crisis. In 
early shock the vasoconstriction that appears under the 
influence of sympatho-adrenal responses involves both 


precapillary arterioles and postcapillary venules. Thus, 
while the flow to the capillary beds is reduced, the 
capillary pressure is at normal or near-normal levels. 
However, the vasvconstriction itself contributes to the 
reduced perfusion of organs. With progressive tissue 
hypoxia and acidosis the arterioles dilate or, more 
correctly, can no longer sustain their vasomotor control, 
but the venules remain constricted. In large measure 
this differential vasoconstriction reflects the fact that 
arterioles are more sensitive to oxygen deprivation than 
are venules. As a consequence there is pooling of blood 
and stagnant hypoxia in the capillary beds throughout 
the body. Moreover, the elevated hydrostatic pressure 
in the capillaries increases the transudation of fluid into 
the interstitial tissue compartment. Both phenomena 
thus worsen the deteriorating hemodynamics. Manifes- 
tations of organ injury make their appearance, such as 
mental obtundation and a fall in urinary output, and 
individuals with preexisting coronary atherosclerosis are 
at risk of developing a myocardial infarct, or suffer at 
least depressed cardiac function. It is evident at this 
point that matters have gone from bad to worse! 

Stage III. Cell and organ injury. At some point in 
the downward spiral, the hypoperfusion and oxygen 
deficit cause at first reversible, and then irreversible, 
hypoxic injury to cells. The loss of energy-generating 
mechanisms impairs membrane transport systems and 
maintenance of membrane integrity. Increased mem- 
brane permeability permits lysosomal enzymes to leak 
out, contributing to the cell injury and the aggravation 
of the shock state. The stagnant hypoxia in the capillaries 
damages endothelial cells, leading to further leakage of 
fluid and proteins. In animal models, the formation of 
prostacyclin and TxA, has been documented, contrib- 
uting to the vasodilatation and initiating platelet adhe- 
sion and aggregation with the release of vasoactive 
platelet factors.” Activation of the clotting sequence, 
either by platelet activation or endothelial cell injury, 
has the potential for inducing DIC—an ominous turn of 
events. 

Cardiac insufficiency is likely to appear in all forms 
of severe shock; the origin of this failure is not clear. It 
could be related to global myocardial ischemia, but a 
circulating cardiotoxic factor—myocardial depressant 
factor (MDF)—has been identified in both experimental 
models and in humans during the shock state.*t MDF 
is a small polypeptide liberated from the ischemic 
pancreas that causes direct depression of myocardial 
function.” Ischemic injury to the gastrointestinal mu- 
cosa may permit intestinal flora and their products to 
enter the circulation, a situation that may contribute an 
element of endotoxic shock to the already grave crisis. 
Renal damage is likely in advanced shock, producing 
morphologic changes referred to as acute tubular necro- 
sis (ATN); thus, acute renal failure with its electrolyte 
imbalances makes its unwanted contribution to the 
already critically ill patient. Is death inevitable at this 
juncture? Although it may be imminent, there is no 
evidence that shock in humans ever reaches a stage of 
irreversibility if the trigger event that initiated the shock 


can be controlled. Nonetheless, the hypoxic injury to 
vital organs may be lethal. Shock not only stops the 
machine, but also wrecks the machinery. 


MORPHOLOGY. As expected, the changes induced by 
shock take the form of hypoxic injury. The cellular and 
subcellular alterations have been meticulously detailed by 
Trump’”””7 and were described on page 13. While such 
cellular injury is bodywide, certain organs are more severely 
affected than others because of shunting of blood to the 
heart and brain and away from other organs, and because 
of differing cellular vulnerabilities to hypoxic and metabolic 
injury. 

The principal threats to life stem from injury to the brain, 
heart, lungs, and kidneys, but morphologic changes are 
frequent in the gastrointestinal tract, adrenals, and liver. 

The brain suffers so-called “ischemic encephalopathy,” 
described in detail on page 1389. 

The heart is affected in all forms of shock, whether 
cardiogenic in origin or some other form. Obviously in 
cardiogenic shock there is the primary cardiac or extracar- 
diac disease that initiated the shock syndrome. 

Two types of distinctive cardiac change appear in all 
forms of shock: (1) subepicardial and subendocardial hem- 
orrhages and necroses and (2) zonal lesions, also called 
banding (Fig. 3-24).”*’° The necroses range from isolated 
fiber ischemic lesions to larger areas of involvement com- 
prising micro- or macroinfarcts. The zonal lesions constitute 
Opaque transverse bands (p. 561) within a myocyte usually 
close to an intercalated disc, accompanied by shortening 
and scalloping of the sarcomere, fragmentation of the Z 
bands, distortion of the myofilaments, and displacement of 
the mitochondria away from the intercalated disc. These 
lesions are not distinctive of shock and may appear with 
coronary artery insufficiency. 

The lung is quite resistant to ischemia and so may not 
be affected in pure hypovolemic shock. But anatomic alter- 
ations are prominent in shock incited by bacterial sepsis and 
trauma, and are referred to as “shock lung.” The pulmonary 
changes are generically referred to as “adult respiratory 
distress syndrome” or “diffuse alveolar damage” and are 
encountered in many other clinical settings (discussed on p. 
714). In essence they include severe intraseptal edema, 
followed later by the collection of edema fluid and exuded 
plasma proteins within the alveolar spaces. 

The kidneys are major targets in severe shock, princi- 
pally affecting the tubules at all levels of the nephron. As 
stated earlier, the tubular lesions are referred to as acute 
tubular necrosis (ATN). Once again, ATN is not limited to 
the shock state and so is described in detail on page 1027. 

The adrenal lesions encountered in shock constitute the 
reaction of this gland to all forms of stress, and hence might 
be designated as the “stress response.” These begin as 
focal depletion of lipids within the cortical cells, transforming 
them from their usual clear vacuolated state to the non- 
vacuolated, so-called compact cells (p. 1232). This transfor- 
mation begins within the zona reticularis and then spreads 
outward toward the capsule to the adjacent zona fasciculata. 
Scattered necroses of isolated cortical cells may create 
apparent lumina or “pseudotubules.” The loss of corticolipids 
has erroneously been interpreted as adrenal exhaustion. 
Ultrastructural studies, however, show that the compact cells 
contain increased numbers of organelles, indicating a mor- 
phologic response to increased functional activity, with mo- 
bilization of the steroids as a response to the stress. 
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Figure 3-24. Contraction bands (arrows) in a heart suffering from 
hypoperfusion. The heavy bands should not be confused with the 
more delicate cross striations of cardiac myocytes. 


The gastrointestinal tract may develop patchy, mu- 
cosal hemorrhages and necroses designated as “hemor- 
rhagic gastroenteropathy,’ described on p. 831. 

The liver sometimes accumulates fat within the hepa- 
tocytes. In severe shock states, central necrosis may appear 
within the lobule. 

With certain exceptions, the cellular and organ changes 
encountered in shock are reversible if the patient survives. 
Thus, regeneration of renal tubular cells, adrenocortical cells, 
hepatocytes, and gastrointestinal mucosa may restore the 
normal architecture of these organs. Loss of ganglion cells 
from the brain and of myocytes within the heart and devel- 
opment of pulmonary septal fibrosis may constitute irrever- 
sible damage, but cellular injury severe enough to lead to 
such changes is encountered only in the patient with ex- 
treme, usually lethal, forms of shock. In those who survive, 
therefore, the function of these organs is usually not detect- 
ably altered. 


CLINICAL CORRELATIONS. The initial threats to the 
life of the patient in shock arise from the medical, 
surgical, or obstetric catastrophe that initiated the shock 
state. However, the cerebral and cardiac changes de- 
scribed worsen the early crisis. If these hazards are 
survived, metabolic acidosis, shifts in electrolyte levels, 
and respiratory difficulties occur. The pulmonary 
changes in particular markedly increase the amount of 
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work required for a given level of alveolar ventilation, 
giving rise to the clinical term “lung stiffness.” 

The “fortunate” patient survives to enter a second 
phase of clinical problems, dominated by renal dysfunc- 
tion. This may appear any time from the second to the 
sixth day and is characterized by a dramatic fall in urine 
output, reflecting the reduction of renal blood flow and 
glomerular filtration and the impaired tubular function. 
The oliguria may persist for days to a few weeks, with 
urine levels of only a few milliliters a day. The clinical 
dilemma is now dominated by the signs and symptoms 
of fluid overload, hyperkalemia, acidosis, and sometimes 
uremia. Fortunately, ATN is reversible, and with ap- 
propriate therapy most patients can be maintained dur- 
ing this period of renal shutdown to recover fully from 
this phase. 

The third or diuretic phase begins with a steady 
increase in urine volume, reaching possibly 3 liters per 
day. This urinary flood heralds a regeneration of the 
tubular epithelium, but tubular malfunction persists, 
and various electrolyte imbalances may now occur. For 
somewhat obscure reasons, in this stage of the course, 
vulnerability to infections is increased, perhaps because 
of reduced immunologic competence, and about 20% of 
deaths from ATN occur during the diuretic phase. 

Despite all these therapeutic nightmares, most 
patients survive when the inciting cause of the shock 
can be controlled. Thus, patients with hypovolemic and 
neurogenic shock have the best prognosis. It is those 
with cardiogenic shock, usually initiated by massive 
myocardial infarction, and those with “gram-negative” 
endotoxic shock who have a mortality rate as high as 70 
to 80%. It is sad to note that this rate has not been 
lowered over the last generation, despite all efforts to 
devise effective therapy. 
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The Normal Karyotype—Cytogenetics 
Predisposition to and Causes of Mutation 
Cytogenetic Disorders 
Cytogenetic disorders involving autosomes 
Trisomy 24 (Down's syndrome) 
Trisomy 18 (Edwards’ syndrome) 
Trisomy 13 (Patau’s syndrome) 
Other trisomies 
Cri du chat syndrome (5p - ) 
Cytogenetic disorders involving sex 
chromosomes 
Klinefelter's syndrome 
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Mendelian Disorders 


The study of genetics truly has reached the prom- 
ised land. The technology is now at hand to manipu- 
late—"engineer —the genetic code, carrying with it the 
hope of alleviating or curing mutations but also the 
awesome potential of unleashing on this already troubled 
world new, threatening biologic forms. Currently, not 
a month passes without the description of a new syn- 
drome, a fresh identification of a gene locus, a better 
appreciation of the interrelationship between genotype 
and immunologic competence, and a new penetration 
of the genetic code and its complexities. !: ? 

In recent years, recombinant DNA technology has 
truly revolutionized our understanding of both normal 
and mutated genes. Take, for example, the hemoglobin 
genes; we can now describe the “microanatomy’ of the 
normal beta-globin gene and define the molecular pa- 
thology of the defective beta-globin genes that give rise 
to hemolytic anemias.? The technology to clone human 
genes, now at hand, has begun to influence our thinking 
about the diagnosis as well as treatment of genetic 
disorders. Most genetic disorders are currently detected 
by identification of abnormal gene products or their 
clinical effects. Now we can realistically anticipate the 
detection of abnormal genes before irreversible tissue 
injury has occurred. For treatment, the exciting possi- 
bility of direct gene replacement offers the chances of 
real “cure” by removing the cause of the disease, instead 
of attempting to limit the clinical effects produced by 
defective genes. 

Remarkably, most of this progress has been 
achieved within the past decade. Although it rests on 
Mendel’s brillant observations made over a century ago, 
his astute deductions were not even related to humans 
until the early years of the twentieth century. It was 
only in 1956 that the correct count of man’s 46 chro- 
mosomes was established by Tjio and Levan.* Con- 
fronted with myriad genetic diseases, the hapless med- 
ical student of today might look back wistfully to not so 
many years ago when there were relatively few. Today 
it has become apparent that virtually all diseases arise 
out of, or are affected by, the genotype. 

Traditionally the diseases of humans have been 
divided into three categories: (1) those environmentally 
determined, (2) those genetically determined, and (3) 
those in which both environmental and genetic factors 
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Turner's syndrome, or gonadal 


Multi-X females 
Hermaphroditism and 
pseudohermaphroditism 


Biochemical basis of mendelian disorders 
Autosomal dominant disorders 
Marfan's syndrome 
Neurofibromatosis (von 
Recklinghausen’s disease) 
von Hippel-Lindau disease 
Familial hypercholesterolemia 


Autosomal recessive disorders 
Albinism 
Alkaptonuria (ochronosis) 
Lysosomal storage diseases 
Glycogen storage diseases 
Sex-linked (X-linked) disorders 
Fabry's disease 
Fragile X-syndrome 
Disorders With Multifactorial Inheritance 
Disorders With Variable Genetic Backgrounds 
Congenital malformations 
Ehlers-Danlos syndromes (EDS) 
Neoplasia 


play a role. Microbiologic infections might be represen- 
tative of the first category; however, even here, with 
the expansion of knowledge about the role of immune 
response genes in the control of immunocompetence, it 
is evident that microbiologic infections are conditioned, 
as are all disorders to a greater or lesser degree, by the 
genotype.” Perhaps malnutrition is an instance in which 
the environment totally determines the nature of the 
disease. But one wonders whether the constitutional 
ability to sustain such nutritional deficits or to accom- 
modate them is not genetically influenced. Into the 
third category mentioned above fall many of the impor- 
tant diseases of man such as peptic ulcer, diabetes 
mellitus, atherosclerosis, schizophrenia, and probably 
most cancers in which clearly both nature and nurture 
play significant roles. Gregor,® in writing about the life 
of Charles Darwin, expressed this nature-nurture inter- 
relationship well: 


Between the environment and the genes that determine 
heredity there exists a highly complex relationship. It seems 
that genes cannot produce normal individuals unless the 
environmental factors are also normal. What is inherited is a 
packet of genes transmitted from the parents with the capacity 
to respond to environmental conditions in certain ways, some 
of which are called normal for the species in its normal 
environment. 


Recognizing the complexity of this nature-nurture 
interplay, our interest here is with those diseases in 
which nature, i.e., the genetic component, plays a major 
if not determinant role. Some diseases are associated 
with genetic abnormalities detectable in the karyotype, 
many have their origins in mutations of a single gene of 
large effect (mendelian disorders), and some result from 
the combined effects of multiple small gene mutations 
and environmental influences, so-called multifactorial 
inheritance. 

The genetic diseases encountered in medical prac- 
tice represent only the tip of the iceberg, that is, those 
with less extreme genotypic errors permitting full em- 
bryonic development and live birth. In 1977 it was 
estimated that 50% of spontaneous abortuses have a 
demonstrable chromosomal abnormality, and of course 
this must represent a minimum estimate, since many 
defects now detectable and many others still beyond 


our’ range of identification went unrecognized.’ About 
1% of all newborn infants possess a gross chromosomal 
abnormality.» How many more mutations remain hid- 
den? For years we have marveled at the biologic pre- 
cision in the processes of mitosis and meiosis, but it is 
now unmistakably evident that there is far more slippage 
in these processes than has been appreciated. Fortu- 
nately, among the many with mutations, only the “fit- 
test” survive. Nonetheless, in the United States alone 
these “fittest” add up to 12 million with some genetic 
disease, imposing in the aggregate an enormous health 
problem. 

It is hardly necessary to emphasize the importance 
of establishing the nature of the genotypic error in these 
diseases. It is requisite not only for clinical diagnosis 
but also for genetic counseling. The great preponder- 
ance of disorders arising out of chromosomal abnor- 
malities can be identified with a high degree of certainty 
by cytogenetic analysis, i.e., by examination of the 
patient's karyotype with methods now available. In 
appropriate cases, the cytogenetic diagnosis can even 
be established antenatally. Amniocentesis—the with- 
drawal of a small sample of amniotic fluid early in 
pregnancy—provides a means of establishing the karyo- 
type of the fetus from desquamated fetal cells. If a tragic 
disorder such as trisomy 21 (Down's syndrome) (p. 126), 
which may be familial in origin, is discovered, the 
opportunity is provided to terminate the pregnancy. 
Perhaps even more important, a negative result can 
alleviate a great deal of harrowing anxiety during preg- 
nancy. In one study dealing with a variety of diseases, 
approximately 95% of 100 “high-risk” pregnancies were 
negative for the condition in question. Few medical 
words are more beautiful than “there is no evidence of 
the disease.” 

Mendelian disorders without alteration of the 
karyotype can frequently be diagnosed by the combined 
application of biochemistry and genetics, often referred 
to as biochemical genetics. Included among these diag- 
nosable disorders are the ever-growing list of hemoglo- 
binopathies, serum protein variations, and inborn errors 
of metabolism. In the live-born patient, biochemical 
analysis of blood cells or tissue samples discloses most 
of these abnormalities. The recognition that cultured 
fibroblasts reveal most of the inborn errors of metabo- 
lism, the so-called “missing enzyme” syndromes, per- 
mits diagnosis of these entities in the unborn child. For 
example, Tay-Sachs disease is an inborn error of metab- 
olism that tragically distorts these unfortunate infants 
and is invariably fatal within months to a few years after 
birth. Amniocentesis and assay of the fetal cultured cells 
for the specific enzyme in question makes it possible to 
diagnose and terminate the unhappy pregnancy. Since 
the risk of recurrence of this condition in subsequent 
pregnancies is 25%, it is perhaps even more important 
to determine that the tragic condition is not present in 
the next fetus: Since fibroblasts do not synthesize phen- 
ylalanine hydroxylase, histidase, and hepatic glucose-6- 
phosphatase, phenylketonuria, histidinemia, and type I 
glycogen storage disease among the more common met- 
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abolic errors cannot be diagnosed by assay of cultured 
fibroblasts. 

The multifactorial disorders can be identified only 
by analyses of family pedigrees. Although some gro- 
tesque malformations result from this mode of inheri- 
tance, fortunately many of the multifactorial disorders, 
such as congenital dislocation of the hip, cleft lip and 
cleft palate, hypertension, and gout are remediable and 
compatible with long life. Much can be learned from 
the use of cytogenetics, biochemical genetics, and am- 
niocentesis to ascertain the orgins of genetic disorders, 
not only in the patient, but also in the fetus, adding 
new dimensions to the clinical study of these conditions. 

Before we turn to a consideration of specific enti- 
ties, the normal karyotype will be reviewed, as well as 
some of the known causes of mutation. 


The Normal Karyotype—Cytogenetics 


THE NORMAL KARYOTYPE— 
CYTOGENETICS 


For many years, efforts were made to count the 
chromosomes of man in microscopic sections of testis, 
leading to the conclusion that each human cell possessed 
48 chromosomes. The development of improved tissue 
culture techniques, the introduction of colchicine into 
the tissue cultures to stop dividing cells in metaphase, 
and the use of hypotonic solutions to improve the 
separation of chromosomes allowed Tjio and Levan in 
1956 finally to establish 46 as the correct chromosome 
count in man.* As is well known, these comprise 22 
homologous pairs of autosomes and two sex chromo- 
somes, XX in the female and XY in the male. Up until 
1970, only limited differentiation of the chromosome 
pairs was possible, based on their size and the position 
of the centromere. As is seen in a metaphase spread, 
the individual chromosomes take the form of two chro- 
matids connected at the centromere to create the fa- 
miliar “X” or wishbone conformations. If the centromere 
connects the chromatids in their center, the chromosome 
is said to be median or metacentric; if the centromere 
is eccentrically placed, the chromosome is said to be 
submedian or submetacentric. In some chromosomes, 
the centromere is almost, but not quite, at the end of 
the chromatids. These are acrocentric chromosomes, all 
of which can bear small projections on their short arms. 
The projections are known as satellites and are involved 
in the formation of nucleoli. Probably because of this 
activity, acrocentric chromosomes are often seen in 
groups in the metaphase plate, a phenomenon described 
as satellite association. These details are presented in 
Table 4-1. 

In 1970, Caspersson and colleagues described the 
identification .of each individual chromosome based on 
a distinctive and reliable pattern of alternating light and 
dark bands along:the length of the chromosome.® Their 
method involved staining with a quinacrine that flu- 
oresces under ultraviolet light. Since then a number of 
banding techniques have been developed that can be 
categorized briefly as follows: 
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Table 4-1. KARYOTYPE GROUPINGS OF HUMAN 
CHROMOSOMES WITHOUT BANDING 


PS SSS SSA SS 

Group 1-3 (A) Two large metacentric 
chromosomes and one large 
submetacentric chromosome readily 
distinguished from each other by 
size and centromere position 

Group 4—5 (B) Large submetacentric chromosomes 

that are difficult to distinguish from 

each other 


Medium-sized submetacentric 
chromosomes. The X chromosome 
resembles the longer chromosomes 
in this group. This large group is the 
one that presents major difficulty in 
identification of individual 
chromosomes without the use of 
banding techniques. 


Group 6—12—xX (C) 


Group 13-15 (D) Medium-sized acrocentric 


chromosomes with satellites 


Group 16—18 (E) Relatively short metacentric 


chromosomes (No. 16) or 
submetacentric chromosomes (Nos. 
17 and 18) 


Group 19-20 (F) Short metacentric chromosomes 


Group 21—22—Y (G) Short acrocentric chromosomes with 


satellites. The Y chromosome is 
similar to these chromosomes but 
bears no satellites. 


1. Q bands (from quinacrine) are the fluorescent 
bands observed after quinacrine mustard staining. 

2. G bands (from Giemsa) are stained with Giemsa 
after various forms of treatment. These have the same 
locations as the Q bands. A normal male karyotype with 
G-banding is illustrated in Figure 4-1. 

3. R bands (from reverse) are the bands stained 
after controlled denaturation by heat as well as newer 
fluorescent techniques. The dark bands in this method 
correspond to the nonfluorescent bands demonstrated 
by quinacrine, hence their designation as reverse bands. 

4. C bands (from constitutive heterochromatin) are 
located in the pericentromeric regions except on the Y 
chromosome. 

5. T bands (from terminal) visualize the terminal 
ends of the arms of the chromosomes. Details of these 
methods are available in the literature.’° In recent years, 
the resolution obtained by banding techniques has been 
dramatically improved by obtaining the cells in pro- 
phase. The individual chromosomes appeat markedly 
elongated and up to 1500 bands per chromosome may 
be recognized.!! The use of these banding techniques 
permits certain identification of each chromosome, as 
well as chromosomal abnormalities that alter neither 
chromosome number nor shape. 

The banding techniques also distinguish the sex 
chromosomes, but in addition the X and Y chromosomes 
can be identified in interphase nuclei. In the female, 


one of the two X chromosomes can be seen in the 
interphase nucleus as a darkly staining small mass in 
contact with the nuclear membrane known as the Barr 
body or X chromatin (Fig. 4-2). In interphase nuclei 
the other X chromosome is active and is dispersed 
throughout the nuclear chromatin. With appropriate 
staining the X chromatin can be readily identified in 
many cells types, but most often used are smears of 
squamous cells obtained from scrapings of the buccal 
mucosa. The generally accepted explanation of the X 
chromatin is known as the Lyon hypothesis, which might 
also be called the single active—X hypothesis. It states 
that (a) only one of the X chromosomes is genetically 
active, (b) the other X of either maternal or paternal 
origin undergoes heteropyknosis to become the Barr 
body, (c) inactivation of either the maternal or paternal 
X occurs at random among all the cells of the blastocyst 
on or about the 16th day of embryonic life, and (d) 
inactivation of the same X chromosome persists in all 
the cells derived from each precursor cell. Thus, the 
great preponderance of normal females are in reality 
mosaics and have two populations of cells, one with an 
inactivated maternal X and the other with an inactivated 
paternal X. Herein lies the explanation of why females 
have the same dosage of X-linked active genes as the 
male. As will be seen, certain genetic disorders in both 
the male and the female are characterized by extra X 
chromosomes. All save one will be inactivated, and thus 
the number of Barr bodies in a given nucleus is one less 
than the number of X chromosomes. The female with 
four X chromosomes will present three Barr bodies in 
her somatic cells, whereas the male with an XXY 
complement will disclose a single Barr body. 

The Y chromosome too can be identified in inter- 
phase nuclei. It has one of the most vividly fluorescent 
segments when stained with quinacrine and examined 
under ultraviolet light. This fluorescence is vivid enough 
to be visible in most interphase nuclei, where it is 
sometimes referred to as the Y body. However, since 
the fluorescent segment of the Y chromosome is genet- 
ically inert, it is entirely possible for phenotypically 
normal males to lack Y bodies.” 

Before this discussion of the normal karyotype is 
concluded, reference must be made to the enormous 
strides achieved in gene mapping (the assignment of 
gene loci to specific chromosomes). This process has 
involved the meticulous correlation of phenotypic 
changes with alterations in the genotype. The whole 
range of pedigree analysis, cytogenetics, and biochem- 
ical genetics has contributed to gene mapping, but the 
newer methods of chromosome banding and cell hybrid- 
ization in particular have immeasurably speeded and 
facilitated the process. 

Cell hybridization or cell fusion, sometimes re- 
ferred to as somatic cell genetics, has provided a pow- 
erful tool in gene mapping. It has proved possible to 
fuse two different cell lines in culture and derive cell 
hybrids. In such cultures one can observe two different 
nuclei within a single cytoplasmic mass (a heterokaryon) 
and, occasionally, fusion of the two nuclei to form a 
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Figure 4—1. A normal male karyotype with G-banding. (Courtesy of Dr. Patricia Howard-Peebles, 
Southwestern Medical School, Dallas, Texas.) 
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Figure 4—2. Sex chromatin (Barr body) at 5 to 6 o’clock (arrow) in 
nucleus of squamous cell from buccal cavity ( x 1200). 


hybrid (a synkaryon). The latter obviously has chromo- 
somes derived from both parents. Remarkably, it is 
possible to produce hybrids of human cells fused with 
those of another species, the mouse or Chinese hamster. 
Even more remarkably, in such hybrids human chro- 
mosomes tend to be lost preferentially. Thus, genes can 
be assigned to specific human chromosomes by corre- 
lating loss of phenotypic characteristics (such as an 
enzyme) with loss of specific chromosomes. Details on 
this subject have been elegantly reviewed by Creagan 
and Ruddle.' To date, the map of the X chromosome 
has been delineated in greatest detail and assigned some 
100 traits because sex-linked inheritance provides an 
easy means of relating mutations to the X chromosome. 
Among the autosomes, number | is the best mapped, 
but altogether about 350 autosomal gene assignments 
have been made.” 

Molecular biology provides yet another tool for 
gene localization. For example, radioactive DNA can be 
made from messenger RNA for hemoglobin isolated 
from reticulocytes. This labeled DNA (cDNA) will hy- 
bridize at the specific site on a metaphase chromosome 
where DNA with a complementary sequence is located. 
Autoradiography reveals the site of hybridization and 
thus the chromosomal location of that globin gene. This 
technique is called in situ hybridization. 

Even greater precision in the localization and study 
of genes is made possible by utilizing bacterial enzymes 
called restriction endonucleases. Each member of this 
family of enzymes recognizes a specific sequence (i.e., 
restricted) of nucleotides, and cuts DNA wherever that 
particular sequence occurs. With these enzymes, there- 
fore, it is possible to generate well-defined fragments of 
cellular DNA, which are separated electrophoretically 
and then immobilized on filter paper (the so-called 
“Southern blot’). A radioactive cDNA probe is then 
hybridized to the immobilized DNA fragments and its 
position on the blot is detected by autoradiography; this 


is similar to the in situ hybridization method. Specific 
genes are found by cDNA probes to be on DNA 
fragments of predictable size. If a probe does not 
hybridize, the gene in question is not present in the 
DNA segment. If the DNA fragment to which the probe 
hybridizes is not the normal size, some alteration has 
occurred in that gene or in its immediately flanking 
DNA. The clinical utility of this new methodology is 
already apparent. For example, this method has been 
used to unravel the molecular lesions of the thalassemias 
(p. 622),° to diagnose sickle anemia antenatally,!° and to 
generate sufficient understanding of gene function to 
allow manipulation of in vivo expression of one of the 
globin genes. '® 


PREDISPOSITION TO AND CAUSES OF 
MUTATION 


Hardly a stone is turned today without revealing a 
new mutagen. Although these constitute threats to all, 
certain individuals are at increased risk of acquiring a 
mutation, particularly those in the later years of life and 
those with certain genetic disorders. The effect of aging 
is well documented by the increased frequency of 
trisomy 21 (Down's syndrome, discussed further on p. 
126) in the offspring of older mothers. The fact that 
cancer is more common in the later years of life may 
also be relevant. One widely accepted concept of the 
ultimate cause of cancer invokes some alteration in 
genetic code—a mutation. The increased frequency of 
cancer with aging may reflect the accumulation of so- 
matic cell mutations over the years or a reduced capacity 
to repair mutations. Thus, the “golden years” bring with 
them not only debility, arthritis, and atherosclerosis but 
also an increased frequency of mutations and cancer. 

Several rare autosomal recessive genetic disor- 
ders—Fanconi’s anemia, Bloom’s syndrome, and ataxia 
telangiectasia—are associated with such a high level of 
chromosomal instability that they are known as “chro- 
mosome-breakage syndromes.’ As discussed later (p. 
241), there is a significantly increased incidence of 
cancers in all these conditions, reasonably attributed to 
a high rate of mutation and/or inability to repair genetic 
damage. Thus, although no-one is immune, certain 
settings provide fertile soils for mutation. 

The major causes of environmentally induced ge- 
netic injury are ionizing radiation, drugs, and viruses. 
We must now add to the list, with some alarm, certain 
components of mans diet as possible mutagens. 

The mutagenic potency of ionizing radiation has 
been clearly established in man, as noted on page 242. 
Much of this evidence derives from the study of survi- 
vors of the atomic blasts. Because of its cumulative 
effects, even the repeated smaller doses of radiation 
energy used in radiotherapy may build up to mutagenic 
levels. 

The role of drugs and chemical agents in mutagen- 
esis is-a-complex and controversial issue. Many com- 
pounds induce karyotypic aberrations in cell culture or, 


in animals, malform the fetus when sufficiently large 
doses are administered during pregnancy. In both set- 
tings, it has been impossible to segregate the metabolic 
and toxic effects of the drugs from their potential to 
induce direct genetic injury. In cell culture, karyotypic 
abnormalities can be produced by introducing into the 
nutrient medium a host of agents, even such seemingly 
innocent ones as aspirin. In almost all these instances, 
the evidence suggests that the genetic damage is a 
consequence of toxic cell injury and reflects irreversible 
damage to cells destined to die. On the other hand, the 
nitrogen mustards, azathioprine, and amethopterin are 
clearly mutagenic both in vivo and in vitro. These agents 
are capable of binding directly to guanine in DNA, 
thereby altering the genetic code. These and several 
other mutagenic agents, including some food additives, 
have possible implications as carcinogens and are dis- 
cussed on page 237. | 

Viruses have been clearly documented as muta- 
genic in animals, and may well have the same effect in 
man, as pointed out in the discussion on oncogenic 
viruses (p. 243). Nononcogenic viruses have also been 
shown to be mutagenic both in vivo and in vitro. An 
increased frequency of chromosome breaks has been 
reported in the leukocytes of patients suffering from 
measles, chickenpox, mumps, and infectious mononu- 
cleosis, but the significance of such leukocytic changes 
is uncertain. The mere fact that some viruses can induce 
cellular or developmental abnormalities does not prove 
alteration of the genome. For example, rubella infec- 
tions during pregnancy are clearly associated with con- 
genital malformations in the infant (p. 480), but there is 
no evidence that the teratogenic effect of rubella is 
associated with genetic injury. 

How much mutagenic agents contribute to the 
production of clinical disease remains uncertain. Unless 
alterations in the karyotype are induced, one must 
depend on expressed phenotypic changes, and confir- 
mation of their genetic origin requires detailed analysis 
of successive generations. The long generation time of 
man, dispersion of members of families, and problems 
involved in effecting clinical evaluation of all members 
of a family have rendered these human studies difficult. 
Animal models are of only limited usefulness because 
of the remarkable variation in species susceptibility. For 
example, cortisone induces congenital malformations in 
mice and rabbits but not in rats. As far as we know, 
cortisone has no effect on the genome of man. Despite 
these complexities, there is little doubt that it is difficult, 
if not impossible, to escape exposure to environmental 
mutagens. So-called “spontaneous” mutations may not 
be entirely accidents of nature. Conceivably, the rela- 
tionship of aging to mutation merely documents longer 
exposure to environmental hazards. The term “sponta- 
neous’ may merely reflect our ignorance of the impor- 
tance of the many potentially mutagenic agents to which 
we are all exposed virtually daily. 

Against this background we can now turn our 
attention to the genetic disorders. The genetically de- 
termined diseases to be considered here can conveniently 
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be divided into four categories: (1) cytogenetic disorders 


Cytogenetic Disorders 


with visible chromosomal abnormalities, (2) mendelian 


disorders having origin in a mutation of a single gene 
of large effect, (3) disorders having origin in multifac- 
torial inheritance, and (4) the few entities having vari- 
able modes of transmission. The number of disorders 
assigned to each of these categories grows apace with 
each passing year. Undoubtedly we have no more than 
scratched the surface in investigating these categories. 
Many of the diseases are rare; a large number confer 
no serious disadvantage on the host; some will be dealt 
with in subsequent chapters. Here, we will confine our 
discussion only to some of those which are more impor- 
tant and common. 


CYTOGENETIC DISORDERS 


Cytogenetic aberrations underlying these disorders 
may take the form of an abnormal number of chromo- 
somes or alterations in the structure of one or more 
chromosomes. The normal 46 count is known as the 
(2n) diploid number. The first meiotic reduction division 
in the formation of gametes halves the number to the 
(n) haploid count of 23. The normal count would be 
expressed as 46,XX for the female and 46,XY for the 
male. Any exact multiple of the haploid number is called 
euploid. However, if an error occurs in meiosis or 
mitosis, and a cell acquires a chromosome complement 
that is not an exact multiple of 23, it is referred to as 
aneuploidy. The usual causes for aneuploidy are non- 
disjunction and anaphase lag. The former occurs when 
a homologous pair of chromosomes fails to disjoin at the 
first meiotic division, or the two chromatids fail to 
separate either at the second meiotic division or in 
somatic cell divisions, resulting in two aneuploid cells. 
The gamete with 24 chromosomes or the somatic cell 
with 47 chromosomes each has a trisomy for one of the 
chromosome complements, whereas the other gamete 
or somatic cell suffers from a monosomy of the same 
chromosome. In anaphase lag, one homologous chro- 
mosome in meiosis or one chromatid in mitosis lags 
behind and is left out of the cell nucleus. The result is 
a normal cell and a cell with monosomy. As will be 
seen, monosomy or trisomy involving the sex chromo- 
somes, or even more bizarre aberrations, yields surpris- 
ingly mild phenotypic abnormalities. On the other hand, 
monosomy involving an autosome generally represents 
loss of too much genetic information to permit live birth 
or even embryogenesis, but a number of autosomal 
trisomies do permit survival. With the exception of 
trisomy 21, almost all yield severely handicapped infants 
who almost invariably die at an early age.’ 

Here it is necessary to clarify some cytogenetic 
terminology. Abnormal sex chromosome complements 
are expressed as 47,XXX or 48,XXXY, for example, 
indicating the total number of chromosomes present. 
Both these karyotypes would yield two X-chromatin 
bodies, but the latter, with a Y chromosome, would be 
a male. Irrespective of the number of X chromosomes 
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in the human, the presence of a single Y determines the 
male sex. Loss of an X chromosome in the female would 
lead to a 45,X karyotype, producing the so-called Turn- 
ers syndrome. Loss of the X chromosome in the male 
genotype is lethal. When autosomes are involved, the 
total chromosome count is given along with the sex 
chromosome complement, followed by a plus or minus 
sign, and the specific number of the autosome gained 
or lost as, for example, 47, XY, + 21 (a male with trisomy 
21) or 47,XX, + 13 (a female with trisomy 13). More than 
one extra autosome or higher chromosome counts almost 
always result in abortion. 

Occasionally, mitotic errors in early development 
give rise to two or more populations of cells in the same 
individual, a condition referred to as mosaicism. This 
can result from mitotic errors during the cleavage of the 
fertilized ovum or in somatic cells. Mosaicism affecting 
the sex chromosomes is relatively common. In the 
division of the fertilized ovum an error may lead to one 
of the daughter cells receiving three sex chromosomes, 
while the other receives only one, yielding, for example, 
a 45,X/47,XXX mosaic. All descendent cells derived 
from each of these precursors will thus have either a 
47,XXX count or a 45,X count. Such a patient would be 
a mosaic variant of Turner’s syndrome, with the extent 
of phenotypic expression dependent on the number and 
distribution of the 45,X cells. If the error occurs at a 
later cleavage, the mosaic will have three populations 
of cells, with some possessing the normal 46,XX com- 
plement, i.e., 45,X/46,XX/47,XXX. Repeated mitotic 
errors may lead to many populations of cells. Elderly 
males show a propensity for loss of the Y chromosome 
in varying proportions of cells. 

Autosomal mosaics appear to be much less common 
than those involving the sex chromosomes. An error in 
an early mitotic division affecting the autosomes usually 
leads to a nonviable mosaic with autosomal monosomy. 
Rarely, the loss of a nonviable cell in embryogenesis is 
tolerated, yielding a mosaic, e.g., 46,XY/47,XY, +21. 
Such a patient would be a trisomy 21 mosaic with partial 
expression of the Down’s syndrome depending on the 
proportion of cells expressing the trisomy. 

Any abnormal karyotype may result from a second 
category of meiotic errors involving structural changes 
in the chromosome. All these are the consequence of 
some form of chromosome breakage and loss or re- 
arrangement of material. To designate the location of 
the structural change, “p’ (for petit) denotes the short 
arm of a chromosome and “q’ (the next letter) the long 
arm. Each arm is then divided into numbered regions 
(1, 2, 3, etc.) from the centromere outward, and each 
band within the region is similarly numbered. For 
example, 1p32 denotes chromosome number 1, short 
arm, region 3, band 2. However, we can leave such 
elegant detail to the cytogeneticists and confine further 
remarks to less detailed nomenclature without indicating 
the precise locus of breaks and rearrangements. 

In translocation, a segment of one chromosome is 
transferred to another (Fig. 4-3). In one form called 


balanced reciprocal translocation, there are single 
breaks in each of the two chromosomes, with exchange 
of material. Such a translocation might not be disclosed 
without banding techniques. A balanced reciprocal 
translocation between the long arm of chromosome 2, 
which has been shortened, and the short arm of chro- 
mosome 5, which has been lengthened, would be writ- 
ten 46,XX,t(2q—;5p+). This individual has 46 chro- 
mosomes with altered morphology of one of the 
chromosomes 2 and one of the chromosomes 5. Since 
there has been no loss of genetic material, the individual 
will be phenotypically normal. However, a balanced 
translocation carrier is at increased risk of producing 
abnormal gametes. For example, in the case cited above 
a gamete containing one normal chromosome 2 and a 
translocated chromosome 5 may be formed. Such a 
gamete would be unbalanced since it would not contain 
the normal complement of genetic material. Subsequent 
fertilization by a normal gamete would lead to the 
formation of an abnormal (unbalanced) zygote, resulting 
in spontaneous abortion or birth of a malformed child. 
The other important pattern of translocation is called a 
Robertsonian translocation (or centric fusion), a recip- 
rocal translocation between two acrocentric chromo- 
somes. Typically the breaks occur close to the centro- 
meres of each chromosome, affecting the long arm in 
one and the short arm in the other. Transfer of the 
segments then leads to one very large chromosome and 
one extremely small one. Often, the small product is 
lost (Fig. 4-3); however, it carries so little genetic 
information that this loss is compatible with a normal 
phenotype, and Robertsonian translocation between two 
chromosomes in a group is encountered in apparently 
normal individuals. The significance of this form of 
translocation also lies in the production of abnormal 
progeny, as discussed later with Down's syndrome. 

Inversion refers to a rearrangement that involves 
two breaks within a single chromosome with reincor- 
poration of the inverted segment, thus transforming a 
sequence along the chromosome from ABCD to ACBD 
(Fig. 4-3). Such an inversion involving only one arm of 
the chromosome is known as paracentric. If the breaks 
are on opposite sides of the centromere, and the in- 
verted segment incorporates the centromere, it is known 
as pericentric. Inversions are perfectly compatible with 
normal development. 

Deletion occurs when there is a single break in the 
arm of a chromosome, producing a fragment with no 
centromere, which is then lost at the next cell division. 
This might be designated as 46,XY,16p— to indicate 
loss of some part of the short arm of chromosome 16 
(Fig. 4-3). One can specify in which region and at what 
band the break and deletion has occurred, as, for 
example, 46,XY,del(16)(p14), meaning a break point in 
region 1 band 4 of the short arm of chromosome 16.’” 

A ring chromosome may be produced when a 
deletion occurs at both ends of a chromosome with 
fusion of the damaged ends (Fig. 4-3). If significant 
genetic material is lost, phenotypic abnormalities result. 
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This might be expressed as 46,XY,r(14). Ring chromo- 
somes do not behave normally in meiosis or mitosis and 
usually have serious consequences. 

Isochromosome formation results when the cen- 
tromere divides in a transverse plane rather than in the 
normal long axis of the chromosome. Thus, the misdi- 
vision gives rise to two chromosomes, one consisting of, 
for example, two short arms only and the other consist- 
ing of two long arms (Fig. 4-3). Both these chromosomes 
now have genetic information that is morphologically 
identical in both arms. 

All these structural anomalies at one time or an- 
other have been described for both autosomes and sex 
chromosomes. The use of banding techniques has begun 
to disclose an additional great variety of minor structural 
abnormalities in chromosomes involving differences in 
the size of certain bands, largely composed of hetero- 
chromatin. Since the heterochromatin contains little 
genetic information that is transcribed into messenger 
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Robertsonian 


Paracentric 


Pericentric 


Figure 4-3. Types of chromosomal rearrange- 
ments. 


RNA, it would not be expected to have much effect on 
the phenotype. However, even minor structural changes 
may have importance. In the process of repair of a 
break, one or more genes may be lost. It has been 
observed that even in balanced translocations, which 
are acquired rather than inherited, mental retardation 
and other abnormalities may result. Moreover, pheno- 
typically normal parents, who have a balanced structural 
abnormality such as inversion or a balanced transloca- 
tion, are more prone to meiotic errors in gametogenesis, 
and therefore are at increased risk of having miscarriages 
and/or chromosomally unbalanced and abnormal chil- 
dren. 

Many more numerical and structural aberrations 
can be found in specialized texts, and the number of 
abnormal karyotypes encountered in genetic diseases 
increases with each passing month. A number of impor- 
tant abnormal karyotypes are listed in Table 4-2. As 
pointed out earlier, the clinically important chromosome 
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Table 4—2. CLINICALLY IMPORTANT AUTOSOMAL 
CHROMOSOMAL ABNORMALITIES* 


Trisomy: 21, 18, 13, 8, 22, 9, mosaicism for trisomic and 
normal cells 

Partial trisomy (duplicationt): 21q, 13q, 9p, 4p, 10q, 114q, 
7q, 14q, 1q, 3p, 4q, 8q, 10p, 11p, 15q, 20p 

Monosomy: 21, 22 

Deletion of part of (deficiencyt): 5p, 13q, 4p, 18p, 18q, 11q, 
7p, 9p, 12p 

Duplication-deficiency: 3, 4, 2 

Triploidy 

Chromosome breakage: Fanconi’s anemia, Bloom’s 
syndrome, ataxia telangiectasia, glutathione reductase 
deficiency 


*In each category, abnormalities are listed approximately in- 


order of decreasing frequency. 

+Some duplications and deficiencies are really combined du- 
plication deficiencies in which one or the other chromosomal imbal- 
ance predominates. 

From Miller, O. J., and Breg, W. R.: Autosomal chromosome 
disorders and variations. N. Engl. J. Med. 294:596, 1976. Reprinted, 
by permission, from The New England Journal of Medicine. 


disorders represent only the “tip of the iceberg.” Chro- 
mosome abnormalities are identified in approximately 
50% of spontaneous abortuses and in 5% of stillbirths 
and infants who die in the immediate postnatal period. 
Even in live-born infants the frequency is approximately 
0.5 to 1.0%. Many of the early deaths are attributable 
to gross structural malformations or severe develop- 
mental defects in the brain. However, since some 
congenital malformations are also associated with men- 
delian and multifactorial modes of inheritance, these 
will be described later as disorders with variable modes 
of transmission. 


CYTOGENETIC DISORDERS INVOLVING 
AUTOSOMES 


Several of the major autosomal disorders are pre- 
sented in Table 4-3. 


Trisomy 21 (Down’s Syndrome) 


Down's syndrome is the most common of the 
chromosomal disorders and is a leading cause of mental 
retardation. In the United States the incidence in new- 
borns is about one in 1000. Over 90% of affected 
individuals have trisomy 21, so their chromosome count 
is 47 (Fig. 4-4); the others have normal chromosome 
numbers, but the extra chromosomal material is present 
as a translocation. As mentioned earlier, the most com- 
mon cause of trisomy and therefore of Down's syndrome 
is meiotic nondisjunction. The parents of such children 
have a normal karyotype and are normal in all respects. 

Maternal age has a strong influence on the inci- 
dence of Down's syndrome. It occurs once in 1550 live 
births in women under the age of 20 years, in contrast 
to one in 25 live births for mothers over 45 years of 
age.'? The correlation with maternal age suggests that 
in most cases the meiotic nondisjunction of chromosome 


21 occurs in the ovum. The reason for the increased 
susceptibility of the ovum to nondisjunction may lie in 
the fact that all ova are present from birth and as such 
are vulnerable to potentially harmful environmental 
influences. The increasing incidence of nondisjunction 
with age may be related to cumulative exposure to such 
environmental influences. Recent studies, however, 
suggest that in up to 30% of cases the extra chromosome 
21 may be of paternal origin. The influence, if any, of 
paternal age in such cases has not been determined. 

In about 4% of all cases of Down’s syndrome, the 
extra chromosomal material derives from the inheritance 
of a parental chromosome bearing a translocation of the 
long arm of chromosome 21 to another acrocentric 
chromosome, e.g., 22 or 14. Since the fertilized ovum 
already possesses two normal autosomes 21, the trans- 
located material provides the same triple gene dosage 
as trisomy 21. Such cases are frequently familial and the 
translocated chromosome is inherited from one of the 
parents who is most frequently a carrier of a Robertson- 
ian translocation, e.g., mother with karyotype 
45, XX, — 14, —21, + (t14q 21q). Theoretically the carrier 
parent has a | in 3 chance of bearing a live child with 
Down’s syndrome; however, the observed frequency of 
affected children in such cases is much lower. The 
reasons for this discrepancy are not well understood. 

Approximately 2% of Down's syndrome patients 
are mosaics, usually having a mixture of cells with 46 
and 47 chromosomes. These result from mitotic nondis- 
junction of chromosome 21 during an early stage of 
embryogenesis. Symptoms in such cases are variable 
and milder, depending on the proportion of abnormal 
cells. Clearly, in cases of translocation or mosaic Down's 
syndrome, maternal age is of no importance. 

The diagnostic clinical features of this condition, 
listed in Table 4—3, are usually readily evident, even at 
birth. The flat facial profile, oblique palpebral fissures, 
and epicanthic folds account for the older, unfortunate 
designations “mongolism” and “mongolian idiocy.” 
Down's syndrome is a leading cause of mental retarda- 
tion. The mental retardation is severe; approximately 
80% of those afflicted have an I.Q. of 25 to 50. Ironically, 
these severely disadvantaged children usually have a 
gentle, shy manner and are far more easily directed 
than their more fortunate siblings, less adorned with 
chromosomes. It should be pointed out that some 
mosaics with Down’s syndrome have very mild pheno- 
typic changes and may even have normal or near-normal 
intelligence. 

The prognosis for affected children is uncertain. 
Even today, about 40% die by age 10, many of infections 
or cardiac problems in infancy. About 30% have con- 
genital heart disease, most commonly ventricular septal 
defects. In addition, there is a striking increase in the 
frequency of acute leukemia in this condition.*? The 
acute leukemia is myeloblastic in about one-third of 
cases and lymphoblastic in two-thirds. In passing, it 
should be cautioned that these patients also have a 
predisposition to leukemoid reactions (transient marked 
elevations in the white cell count) predisposing to 
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Table 4-3. DISORDERS ASSOCIATED WITH THE AUTOSOMES 


Disorder 


Examples of Karyotype 


Approximate 
Incidence 


Maternal 


Age 


Clinical Features 


Down’s Syndrome 
(1 in 1000 births) 
Trisomy 21 type 


Translocation type 


Mosaic type 


47,XX,+ 21 
47,XY,+21 


46,XX, — 14, + t(14q;21q) 
46,XY, — 22, + t(21q;22q) 


46,XX/47,XX, + 21 


Over 90% of cases 


3 to 4% cases 


2 to 3% cases 


Increased 


Normal 


Normal 


. Mental retardation 
. Flat facial profile 
. Oblique palpebral fissures 


Muscle hypotonia 


. Hyperflexibility 


Lack of Moro reflex 


. Abundant neck skin 

. Broad and/or short trunk 

. Dysplastic ears 

. Horizontal palmar crease 

. Dysplastic pelvis (by x-ray) 

. Dysplastic middle phalanx (by 


X-ray) 


. Epicanthic folds 
. Acute leukemia 


Trisomy 18 (Edwards’ Syndrome) 
(1 in 5000 births) 
Trisomy 18 type 


Translocation type 


Mosaic type 


47,XX,+ 18 
47,XY,+18 


46,XX, — D, + t(Dq;18q) 


46,XX/47,XX, + 18 


90% of cases 


Rare 


10% of cases 


Increased 


oO) O71 & GW PM 


. Mental retardation and failure to 


thrive 


. Prominent occiput 

. Micrognathia and low-set ears 

. Hypertonicity 

. Flexion of fingers (second and fifth 


digits overlapping third and fourth) 


. Cardiac, renal, and intestinal 


defects 


. Short sternum and small pelvis 
. Abduction deformity of hip 


Trisomy 13 (Patau’s Syndrome) 
(1 in 6000 births) 
Trisomy 13 type 


Translocation type 


Mosaic type 


47,XX,+13 
47,XY,+13 


46,XX, — 13, + t(Dq;13q) 


46,XX/47,XX, + 13 


Over 80% of cases 


10% of cases 


5% of cases 


Increased 


Normal 


Normal 


—_ 


—_ 
Oo 


© MNANAWN 


. Microcephaly and mental 


retardation 


. Scalp defect 


Microphthalmia 
Harelip and cleft palate 


. Polydactyly 


Rocker-bottom feet 


. Abnormal ears 
. Apneic spells and myoclonic 


seizures 


. Cardiac dextroposition and 


interventricular septal defect 


. Extensive visceral defects 


Cri du Chat (Cat-cry) Syndrome 
(1 in 50,000 births) 


46,XX,5p— 
46,XY,5p— 


Normal 


fONM— 


Mental retardation 
Microcephaly and round facies 
Mewing cry 

Epicanthic folds 
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Figure 4—4. G-banded karyotype of a male with trisomy 21. (Courtesy of Dr. Patricia Howard-Peebles, 


Southwestern Medical School, Dallas, Texas.) 


overdiagnosis of leukemia in these already sufficiently 
troubled unfortunates.?!” Despite all these problems, 
some patients survive into adult life and some into the 
advanced years. A few of those who survive into middle 
age have a predisposition to develop premature Alz- 
heimer’s disease. Some females with Down’s syndrome 
have had children, but males with this disorder are 
almost always infertile or lack sexual potency. It should 
be noted that 50% of the offspring of mothers with 
Down’s syndrome may be normal, since the extra chro- 
mosome may not be transmitted to the ovum. 


Trisomy 18 (Edwards’ Syndrome) 


This syndrome, characterized by severe malforma- 
tions, is fortunately much less common than trisomy 21 
(about one in 5,000 to 10,000 live births) but much 
more severe and wide-ranging. Only 13% of these 
infants live beyond the age of one year, with an average 
survival of little more than ten weeks. The major clinical 
features are presented in Table 4-3. The mental retar- 
dation is severe, and cardiac anomalies, most commonly 
ventricular septal defects, are present in 95% of cases. 
The great preponderance of infants have an extra chro- 
mosome 18 derived from a meiotic error in parental 
germ cells, most likely those of the mother. About 10% 
of the patients have mosaicism. Rarely, an unbalanced 
translocation of the long arm of chromosome 18 to one 
of the D group underlies this condition. In the case of 
the trisomies, parents are almost always normal, but the 
mothers are generally older. In the few instances of 
trisomy 18 associated with a translocation, one of the 
parents is a carrier of the abnormal chromosome. 


Trisomy 13 (Patau’s Syndrome) 


Infants with this syndrome have the most severe 
malformations of all the chromosomal abnormalities 
(Table 4-3). Microcephaly and mental retardation are 
marked. Many have arrhinencephaly (congenital ab- 
sence of those regions of the forebrain derived from the 
olfactory system) and a variety of abnormalities: of the 
eye ranging from virtual absence of the eyes to cyclopia 
(single eye with the nose absent or located as a tubular 
appendage above the eye). Most of these patients have 
a complete trisomy 13, but a few have an unbalanced 
translocation of the long arm of 13, usually to one of the 
other D group, or mosaicism with a trisomy 13 cell line. 
The congenital malformations are so extreme that only 
a few infants live longer than one year, and in fact most 
die soon after birth. 


Other Trisomies 


A variety of other trisomies have now been de- 
scribed, particularly those involving chromosome 
8, 9, or 22. In addition, partial trisomies have been 
identified for virtually every chromosome in the com- 
plement. These are all too rare to merit description 
here but can be found in specialized texts.” 
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Cri du Chat Syndrome (5p — ) 


Deletion of the short arm of chromosome 5 (5p — ) 
(Fig. 4-5) was so named because affected infants up to 
the age of one year have the characteristic cry of a cat. 
The major clinical features are given in Table 4-3. The 
mental retardation is quite severe, and congenital heart 
anomalies (usually ventricular septal defects) are present 
in about 25%. In general, these children thrive better 
than those with the trisomies, and: some survive into 
adult life. As the infant grows older, the kitten cry and 
high vocal register improve, rendering diagnosis more 
difficult. 

Other deletion syndromes involving virtually every 
chromosome have been identified with the new banding 
techniques. A variety of congenital malformations are 
encountered in association with the deletions, including 
abnormalities of the brain, mental retardation, micro- 
cephaly, hypertelorism, congenital heart disease, and 
malformations of the face, hands, and ears. 


CYTOGENETIC DISORDERS INVOLVING SEX 
CHROMOSOMES 


The genetic diseases associated with karyotypic 
changes involving the sex chromosomes are far more 
common than those related to autosomal aberrations. 
The syndromes associated with an extra X or Y chro- 
mosome are generally benign because, as you recall, all 
but one X chromosome are inactivated to appear as X 
chromatin or Barr bodies, and the Y chromosome seems 
to be genetically inert except for its role in sex deter- 
mination (p. 133). However, the absence of one sex 
chromosome can have serious consequences. As men- 
tioned earlier, there is a very high prenatal mortality 
with the 45,X karyotype, and even live-born infants 
have an increased risk of early death. The 45,Y karyo- 
type is lethal. 

A few features are common to all sex chromosome 
disorders. In general they induce subtle, chronic com- 
plaints relating to sexual development and fertility. They 
are often difficult to diagnose at birth, and many are 
first recognized in adult life. In general, the higher the 
number of X chromosomes, in both male and female, 
the greater the likelihood of mental retardation. Al- 
though the condition can often be detected by visual- 
ization of X chromatin or Y chromatin in interphase 
nuclei, such methods are not as reliable as cytogenetic 
analysis of the karyotype. The most important disorders 
arising in aberrations of sex chromosomes are cited in 
Table 4—4 and will be described briefly. 


Klinefelter’s Syndrome 


Also called testicular dysgenesis, Klinefelter’s syn- 
drome is one of the most frequent forms of genetic 
disease involving the sex chromosomes, as well as one 
of the most common causes of hypogonadism in the 
male. The incidence of this condition is approximately 
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19 20 21 22 Y 


Figure 4—5. Karyotype of a female with the cri du chat syndrome (5p—). (Courtesy of Dr. Patricia 
Howard-Peebles, Southwestern Medical School, Dallas, Texas.) 


134 


Cytogenetic Disorders 


e060 


23 AX'9b/XX‘9F UONEZI|IU8} B|qnop 
JO eseo auey 
JEULUON ose + AXX‘LP/XX'OF SOIESOW BWOS 
Saneuuouge jeyueb Burluen °z + XX‘Or SESed JSOYW 
ONSS!} UBLBAO puke JeiNoNSe] ‘4 Sayposydeuiay anil 


a i a i ee 


99} pue jeuOU Aue, “¢E 


sonueinbeu jenysueyy ‘Zz SUIG aj/eWUd} +++ XXXX'SP 
UOHepsejol jeyuBWy “|. pesesJou| 00d} ul | ze XXX'ZLP sajeway X ajdniny 
eee 
eByoe JO uONe}OIeOD ‘OL 
IAQU pa]usWBig ‘6 
Sulley 109}Sod MO7 ‘g JELUION + Ayensn XX'‘9P/X'Sr wislolesop; 
sejddiu 
peceds-apim pure ysayo peoig “7 
ewepeyduiA] jesayudueg “9 |PLULLION (a6se)) + (bx)I‘*x ‘Op 
snBjea snyiqng “¢ [BWUJON + (x)'X‘Op 
yoeu jo Buiqqenyy ‘py |ELUJON (jyeus) + —byxx‘or SWOSOWOJYD X 
Aymueyuy “¢ JBUUON (jews) + — axx ‘9p puoses 9Aoajoq 
eeyUOUsWe ABW ‘Z SIG sew} (sisauabsAq jepeuos) 
ounyeys WOUS “| {ELON OOOE Ul | anneBban X'Sr awospudS s.sausny 


——————- oo Eee 
Joineyeq eaissei66e peseaiouj (3) “¢ 
]€} J99} 9 JBAO JSOW “2 Sy 
feuuoU AyeoidAjousud *} JEULON ajewW COOOL ul | aaneBben AAX' LP sajew A ajqnog 


SSS a a es 


SISO}SOUAS JeUINOIpey “py 


seipedsodhy ‘¢ + AAXX'SP 
wsipiyoo}dAuy ‘Zz +++ AXXXX'‘6P awospUAs s,sayajauly 
UONEPsE}O1 [EJUBW BJBAVS BOW *| pesealou| auey ++ AXXX'SP JO sjuepie, 


TT 


UOHepiej}al jeWUayy 

djey JO UOHNIISIp sjeus+ 

BISeWOD8UAy 

yjGue] siqnd so 0} ajos ul eseeloU} 
snyiqey AjIpoq pioyonung peseaioul SYYI ag AXX'LP/AX‘9P 

elusadsooze pue Aydouye sejnonsey Anubus ajelu OSE ul 1 AXX'LP awo spuds s,sa}jajauly 


a 


soinjeay jeoiuljd aby jeusajeyW a9usp)oU| usoyed edAjoAuey Japiosig 
ajyewixoiddy UIJBWIOIYD X9S jo sojdwex3 


RR 


SSAWOSOWOUHO XA3S SHL HLIM GSLVIOOSSV SHSGHOSIG *b- 214e1 


H“ANYNY WO 


+ 


432 GENETIC DISORDERS 


1 in 850 live male births. It can rarely be diagnosed 
before puberty, particularly since the testicular abnor- 
mality does not develop before early puberty. The major 
clinical features are presented in Table 4-4. Particularly 
characteristic are the eunuchoid bodily habitus with 
abnormally long legs, the small atrophic testes often 
associated with a small penis and the lack of such 
secondary male characteristics as deep voice, beard, 
and male distribution of pubic hair. Confirmatory labo- 
ratory findings are (1) positive X chromatin, (2) absence 
or striking reduction of sperm in the seminal fluid, (3) 
increased urinary excretion of follicle-stimulating hor- 
mone, and (4) lower than normal serum testosterone 
levels. 

Klinefelter's syndrome has two important clinical 
significances: (1) it is an important cause of sterility in 
the male; and (2) it is often associated with a slight 
decrease in intelligence, but some patients have an 
I. Q. in the normal range. The reduced spermatogenesis 
is related to several patterns of morphologic change in 
the testis. In some patients, the testicular tubules are 
totally atrophied and are replaced by pink, hyaline, 
collagenous ghosts. In others, the dysgenesis is mani- 
fested by apparently normal tubules interspersed with 
atrophic tubules. In some patients, all tubules are 
primitive and appear embryonic, consisting of cords of 
cells that never developed a lumen or mature sperma- 
togenesis. Hyperplasia of the Leydig cells has been 
reported in all these variants. According to some au- 
thors, however, there is no true Leydig cell hyperplasia 
but the Leydig cells appear prominent owing to atrophy 
and crowding of the tubules.** 

The classic pattern of Klinefelter’s syndrome has a 
47,XXY karyotype, accounting for the positive sex chro- 
matin test (82% of cases). This complement has been 
explained by nondisjunction during the meiotic divisions 
in one of the parents. The extra X chromosome might 
therefore be of either maternal or paternal origin.” 
Advanced maternal age and irradiation of either parent 
have been suggested as relevant in the etiology of this 
condition. In addition to this classic karyotype, some 
patients with Klinefelter's syndrome have been found 
to have a variety of mosaic patterns, most of them being 
46, XY/47,XXY. Others are 47,XXY/48, XXXY and varia- 
tions of this theme. Rare individuals have also been 
found to possess 48,XXXY or 49,XXXXY karyotypes. 

With increasing numbers of X chromosomes, pa- 
tients exhibit a progressively greater reduction in intel- 
ligence. Concomitantly, such polysomic X individuals 
have further physical abnormalities including cryptor- 
chidism, hypospadias, more severe hypoplasia of the 
testes, and skeletal changes such as prognathism and 
radioulnar synostosis. Such severely affected individuals 
are likely to have had considerably older mothers. 


XYY Syndrome 


Supernumerary Ys may be found in the male, 
giving rise to 47,XYY, or even greater Y polysomy. The 
diagnosis usually rests on identification of more than 


one Y chromatin body in interphase nuclei, but false- 
positive errors may result because of fluorescent seg- 
ments on non-Y chromosomes, and false-negative errors 
may result because of possible mosaicism or technical 
deficiencies. Chromosome analysis is far more accurate. 
Approximately one in 1000 live-born males has one of 
these karyotypes. Nearly all are phenotypically normal, 
but the individuals frequently are excessively tall and 
may be susceptible to severe acne. From present data 
it appears that the intelligence of these individuals is in 
the normal range. 

Most controversial is the impact of extra Y chro- 
mosomes upon behavior. These karyotypes have been 
identified with increased frequency among inmates of 
penal institutions. The behavioral difficulties take the 
form of antisocial (not violent), delinquent, impulsive 
acting-out disorders.” From recent studies it appears 
that only about 1 to 2% of individuals with XYY pheno- 
types exhibit such deviant behavior; the overwhelming 
preponderance are no more antisocial than their peers 
who are less richly endowed with Y chromosomes. At 
present, the situation is far from clear and long-term 
prospective study of infants with these karyotypes is 
required. 


Turner’s Syndrome, or Gonadal Dysgenesis 


Although Turner's syndrome is generally equated 
with a 45,X karyotype, about one-half of the patients 
are in fact mosaics with two or three cell lines, one of 
which is 45,X. Because the mosaics do not completely 
express the classic phenotype, a wide range of clinical 
severities is found. Moreover, the clinical manifestations 
vary with age. Other karyotypic findings include struc- 
tural deletions or rearrangements of one of the X 
chromosomes. At the outset, it should be emphasized 
that only about 3% of fetuses with the 45,X karyotype 
survive to birth. There is an increased postnatal mor- 
tality as well. Surviving infants generally present edema 
(due to lymph stasis) of the dorsum of the hand and 
foot, and sometimes swelling of the nape of the neck. 
The latter is related to markedly distended lymphatic 
channels, producing a so-called cystic hygroma (p. 544). 
As these infants develop, the swellings subside but often 
leave persistent looseness of skin on the back of the 
neck and bilateral neck webbing. Congenital heart dis- 
ease is also common, particularly preductal coarctation 
of the aorta and aortic stenosis with endocardial fibro- 
elastosis, anomalies that may account for some of the 
early deaths. 

The principal clinical features in the adolescent and 
adult are cited in Table 4-4. At puberty there is failure 
to develop normal secondary sex characteristics. The 
genitalia remain infantile, breast development is inad- 
equate, and there is little pubic hair. The mental status 
of these patients is usually normal, but a few may exhibit 
some retardation. Of particular importance in establish- 
ing the diagnosis in the adult is the shortness of stature 
(rarely exceeding 150 cm in height) and the amenorrhea. 
In this regard, approximately one-third of women who 


present with primary amenorrhea have a chromosome 
anomaly and about half of these have the 45,X karyo- 
type.2’ Typically the ovaries are reduced to atrophic 
fibrous strands, devoid of ova and follicles, and are 
termed “streak ovaries.” There appears to be loss of 
germ cells at or before birth.** The reduced estrogen 
output by the ovaries leads to elevated pituitary gonado- 
tropin secretion. However, it should be noted that a 
few women with this condition have been reported to 
be fertile. 

Because of the frequency of mosaicism, the clinical 
signs and symptoms may be exceedingly subtle. Mosai- 
cism also introduces difficulties in confirming the diag- 
nosis by study of somatic cells for X chromatin or 
cytogenetic analysis, since a significant proportion of 
cells may have the normal XX karyotype. Structural 
abnormalities of the X chromosome are found in 28% of 
patients with Turner's syndrome,” the most common 
being isochromosome of the long arm of X [46,X,i(Xq)]. 
Deletion of the short arm, i.e., 46,XXp— is also seen 
in some cases. These abnormalities may be present in 
all the cells or in association with a 45,X line (mosaics). 


Multi-X Females 


Karyotypes with one to three extra X chromosomes 
have been described and are not uncommon, being 
found in about one in 1200 newborn females. The 
diagnosis should be readily made by the demonstration 
of two or more X chromatin bodies, but this technique 
may well miss a significant number of cases identifiable 
by karyotype. Most of these women, according to cur- 
rent thought, are entirely normal. However, a variety 
of random findings may be present. As mentioned, 
there is an increased tendency to mental retardation in 
proportion to the number of extra X chromosomes. 
Thus, mental retardation is seen in all with the 
49,XXXXX karyotype, whereas most with 47,XXX are 
unaffected. Some women have amenorrhea or occasion- 
ally other menstrual irregularities. 


Hermaphroditism and Pseudohermaphroditism 


The problem of sexual ambiguity is exceedingly 
complex, and only limited observations are possible 
here. For more details, reference should be made to 
specialized texts.*° *! It may be no surprise to medical 
students that the sex of an individual can be defined on 
several levels. Genetic sex is determined by the pres- 
ence or absence of a Y chromosome. No matter how 
many X chromosomes are present, a single Y chromo- 
some dictates testicular development and the genetic 
male gender. The initially indifferent gonads of both the 
male and female embryos have an inherent tendency to 
feminize, unless influenced by Y chromosome—depen- 
dent masculinizing factors. The testis organizing genes, 
(H-Y genes) have been located on the short arm of Y. 
The H-Y gene product (H-Y antigen) can be detected 
serologically on male cells. Gonadal sex is based on the 
histologic characteristics of the gonads. Ductal sex de- 
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pends on the presence of derivatives of the miillerian 
or wolffian ducts. Phenotypic or genital sex is based on 
the appearance of the external genitalia. Sexual ambi- 
guity is present whenever there is disagreement among 
these various criteria for determining sex. 

The term true hermaphrodite implies the presence 
of both ovarian and testicular tissue. In contrast, a 
pseudohermaphrodite represents q disagreement be- 
tween the phenotypic and gonadal sex, i.e., a female 
pseudohermaphrodite has ovarian gonads but male ex- 
ternal genitalia; a male pseudohermaphrodite has testic- 
ular tissue but female-type genitalia. Disappointingly, 
karyotypic analyses have not shed much light on these 
difficult problems of intersex. Indeed, as will be seen, 
hormonal influences may induce sexual ambiguity com- 
pletely apart from the genotype of the individual. 

True hermaphroditism, implying the presence of 
both ovarian and testicular tissue, is an extremely rare 
condition. In some cases there is a testis on one side 
and an ovary on the other, while in other cases there 
may be combined ovarian and testicular tissue, referred 
to as ovotestes. Such abnormal gonads most often are 
found in the abdomen but can lie anywhere along the 
tract of testicular descent into the scrotum. Most of 
these individuals have a uterus and other ductal struc- 
tures reminiscent of those found in both male and. 
female. The external genitalia are usually ambiguous, 
and could be interpreted as a bifid scrotum or enlarged 
labia with a small penis or enlarged clitoris. A large 
majority of such individuals yield a positive test for X 
chromatin but all are also positive for the H-Y antigen, 
suggesting the presence of at least a part of the Y 
chromosome. Included among the sex chromatin—posi- 
tive true hermaphrodites are XX/XXY mosaics and chi- 
meras (XX/XY), the latter resulting from the fertilization 
of a binucleate ovum by two sperms, one bearing an X 
and the other a Y chromosome. Many XX true her- 
maphrodites, however, do not seem to have a Y-bearing 
cell line, and in such cases translocation of the H-Y 
gene—bearing segment of the Y chromosome to either 
an X chromosome or an autosome has been suggested. 
Thus, true hermaphrodites are a heterogeneous group, 
having in common the presence of two X chromosomes 
as well as a complete or partial Y chromosome, at least 
in some of the cells. 

Female pseudohermaphroditism is much less com- 
plex. The genetic sex in all cases is XX and the devel- 
opment of the gonads (ovaries) and internal genitalia is 
normal. Only the external genitalia are ambiguous or 
virilized. The basis of female pseudohermaphroditism is 
excessive and inappropriate exposure to androgenic 
steroids during the early part of gestation. Such steroids 
are-most commonly derived from the fetal adrenal 
affected by congenital adrenal hyperplasia, which is 
transmitted as an autosomal recessive trait. Biosynthetic 
defects in the pathway of cortisol synthesis are present 
in these cases that lead secondarily to excessive synthesis 
of androgenic steroids by the fetal adrenal cortex (p. 
1241). Less commonly, the virilizing steroids are mater- 
nal in origin. Androgen-secreting maternal tumors 
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(e.g., the Sertoli-Leydig cell tumor), or more commonly 
administration of androgens or progestins to the mother 
during pregnancy, underlie such cases. 

Male pseudohermaphroditism represents the most 
complex of all disorders of sexual differentiation since 
the development of “maleness” requires not only the 
differentiation of male gonads and genitalia, but also 
active suppression of the inherent tendency of the fetus 
to feminize. A brief review of normal male differentia- 
tion will help our understanding of the patterns of male 
pseudohermaphroditism. Under the influence of the Y 
chromosome (H-Y antigen), the primordial gonad differ- 
entiates into the testis. Further steps involve on the 
one hand, inhibition of miillerian ducts by the Sertoli 
cell-derived miillerian duct inhibitory factor and on the 
other hand, secretion of testosterone by the Leydig 
cells, which in turn regulates the male differentiation of 
the wolffian ducts, urogenital sinus, and external geni- 
talia. The secretion of testosterone by the Leydig cells 
is regulated by human chorionic gonadotropins (HCG) 
as well as luteinizing hormone (LH). The action of 
testosterone and the gonadotropins requires specific 
interaction with the appropriate receptors on the target 
tissues. 

With this overview, we can discuss the definition 
and classification of male pseudohermaphroditism. Male 
pseudohermaphrodites are individuals who possess a Y 
chromosome, and thus their gonads are exclusively 
testes but the genital ducts or the external genitalia are 
incompletely differentiated along the male phenotype. 
Their external genitalia are either ambiguous or com- 
pletely female. On the basis of the etiology, male 
pseudohermaphroditism has been divided into six cat- 
egories (Table 4—5).*! However, it is beyond our scope 
to discuss these disorders individually, and therefore 
only a few general comments will be offered. The 
karyotype in all cases, except in some variants with 
dysgenetic testes, is XY. The presence of Y chromosome 
dictates testicular differentiation, and therefore testes 
can be identified, either readily or with some difficulty, 


Table 4—5. MALE PSEUDOHERMAPHRODITISM 


A. Testicular unresponsiveness to HCG and LH 
B. Inborn errors of testosterone biosynthesis 
1. Enzyme defects affecting synthesis of both corticosteroids 
and testosterone (variants of congenital adrenal 
hyperplasias) 
2. Enzyme defects primarily affecting testosterone biosynthesis 
by the testes 
C. Defects in androgen-dependent target tissues 
1. End-organ insensitivity to androgenic hormones, e.g., 
complete syndrome of androgen insensitivity (testicular 
feminization) and variant forms 
2. Defects in testosterone metabolism by peripheral tissues, 
e.g., 5 a-reductase deficiency 
D. Dysgenetic male pseudohermaphroditism 
E. Defects in synthesis, secretion, or response to mullerian duct 
inhibitory factor 
F. Maternal ingestion of estrogen and progestins 


Modified from Grumbach, M. M., and Conte, F. A.: Disorders 
of sex differentiation. /n Williams, R. H. (ed.): Textbook of Endocri- 
nology. Philadelphia, W. B. Saunders Co., 1981, p. 423. 


in most cases. In the gonadal dysgenesis pattern the 
aberrations in testicular organogenesis may be so severe 
that the gonad is represented only by a fibrous streak. 
Except for variants with dysgenetic testes, all other 
forms are familial, although there is no single pattern of 
transmission. Of considerable clinical significance is the 
fact that about one-third of male pseudohermaphrodites, 
especially those whose condition is associated with tes- 
ticular dysgenesis, develop testicular tumors of germ 
cell origin. The risk is so great that prophylactic gonad- 
ectomy is recommended. 


MENDELIAN DISORDERS 


All mendelian disorders are the result of expressed 
mutations in single genes of large effect transmitted by 
autosomal dominant, autosomal recessive, or X-linked 
modes of inheritance. It is not necessary to detail 
Mendel’s laws here, since every student in biology, and 
possibly every garden pea, has learned about them at 
an early age. Only some comments of medical relevance 
will be made. 

The number of mendelian disorders has grown to 
monumental proportions. In the recent edition of his 
book, McKusick has listed 2786 disorders.” It is esti- 
mated that every individual is a carrier of five to eight 
deleterious genes.* Fortunately, most of these are re- 
cessive and therefore do not cause serious phenotypic 
effects. About 80 to 85% of these mutations are familial. 
The remainder represent new mutations. 

When dealing with mendelian disorders, a number 
of considerations must be kept in mind, some of which 
apply equally to autosomal dominant, autosomal reces- 
sive, and X-linked mutant genes. Most obvious, the 
mutation may be acquired de novo by an affected 
individual. Obviously, such a proband (index patient) 
will have a normal family pedigree but, on the other 
hand, will be the forebear of affected generations to 
come. The extent to which mutations are expressed 
varies widely. Two variants associated with autosomal 
dominant inheritance are recognized: (1) When individ- 
uals who have a mutant gene fail to express it, the trait 
is said to demonstrate reduced penetrance. Penetrance 
is expressed in mathematical terms: thus, 50% pene- 
trance indicates that 50% of those who carry the gene 
express the trait. The factors that affect penetrance are 
not clearly understood, but this possibility is of obvious 
importance in genetic counseling. (2) In contrast to 
penetrance, if a trait is seen in all the individuals 
carrying the mutant gene but is expressed differently 
among individuals, the phenomenon is called variable 
expressivity. For example, polydactyly may be ex- 
pressed in the toes or in the fingers as one or more 
extra digits. 

Some autosomal mutations produce partial expres- 
sion in the heterozygote and full expression in the 
homozygote. Sickle cell anemia is caused by substitution 
of normal hemoglobin (HbA) by hemoglobin S (HbS). 
The molecular basis for the formation of hemoglobin S 


is presented on p. 618, but here it is sufficient to note 
that when an individual is homozygous for the mutant 
gene, all of the hemoglobin is of the abnormal HbS 
type, and even under normal atmospheric pressures of 
oxygen the disorder is fully expressed, i.e., sickling 
deformity of all red cells and hemolytic anemia. In the 
heterozygote only a proportion of the hemoglobin is 
HbS (the remainder being HbA), and therefore red cell 
sickling and possibly hemolysis occur only when there 
is exposure to lowered oxygen tension. This is referred 
to as the sickle cell trait to differentiate it from full- 
blown sickle cell anemia. 

Although gene expression is usually described as 
dominant or recessive, it should be remembered that 
in some cases both alleles of a gene pair may be fully 
expressed in the heterozygote—a condition called co- 
dominance. Histocompatibility and blood group antigens 
are good examples of codominant inheritance as well as 
polymorphism. The latter implies the existence of mul- 
tiple allelic forms of a single gene. 

A single mutant gene may lead to many end effects, 
termed pleiotropism, and conversely mutations at sev- 
eral genetic loci may produce the same trait (genetic 
heterogeneity). Sickle cell anemia may serve as an 
example of pleiotropism. In this hereditary disorder, 
not only does the point mutation in the gene give rise 
to HbS, which predisposes the red cells to hemolysis, 
but the abnormal sickled red cells tend to cause a logjam 
in small vessels; the vascular embarrassment in turn 
induces a variety of end-organ effects, including splenic 
fibrosis, organ infarcts, and bone changes. The numer- 
ous differing end-organ derangements are all related to 
the primary defect in hemoglobin synthesis. On the 
other hand, profound childhood deafness, an apparently 
homogeneous clinical entity, results from 16 different 
types of autosomal recessive mutations. Recognition of 
genetic heterogeneity is not only important in genetic 
counseling, but is also relevant in the understanding of 
the pathogenesis of some common disorders, such as 
diabetes mellitus (p. 975). 


BIOCHEMICAL BASIS OF MENDELIAN 
DISORDERS 


Mendelian disorders result from alterations involv- 
ing single genes, implying that these diseases result 
from a primary abnormality in a single protein molecule. 
Broadly speaking, three kinds of proteins may be af- 
fected by mutation—enzymes, structural proteins, and 
regulatory proteins. To some extent the pattern of 
inheritance of the disease is related to the kind of 
protein affected by the mutation. In general, diseases 
resulting from mutations involving enzyme proteins are 
inherited as autosomal recessives. In such cases, equal 
amounts of the normal as well as the defective enzyme 
are synthesized in the heterozygotes, and usually the 
natural “margin of safety” ensures that cells with half 
their usual complement of the enzyme will function 
normally. On the other hand, mutations involving key 
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structural proteins, such as collagen, or those involving 
regulatory proteins, such as membrane receptors, are 
usually dominant. The biochemical derangements un- 
derlying autosomal dominant diseases are generally 
much more complex and difficult to characterize. 

To aid our understanding of the pathogenesis of 
mendelian disorders, we can classify the mechanisms of 
single gene disorders into five categories: (1) enzyme 
defects and their consequences; (2) defects in membrane 
receptors and transport systems; (3) alterations in the 
structure, function, or quantity of nonenzyme proteins: 
(4) mutations resulting in unusual reactions to drugs: 
and (5) unknown mechanisms. It should be understood 
that this is a provisional classification subject to modifi- 
cation as the biochemical basis of the large number of 
diseases in the unknown category begins to unfold. 

ENZYME DEFECTS AND THEIR CONSEQUENCES. Mu- 
tations may result in the synthesis of a defective enzyme 
or in a reduced amount of a normal enzyme. In either 
case, the consequence is a metabolic block. Figure 4-6 
provides an example of an enzyme reaction in which 
the substrate S is converted by intracellular enzymes 
E,, E,, and E, into an end product P through interme- 
diates I, and I,. In this model the final product P exerts 
feedback control on enzyme E,. A minor pathway pro- 
ducing small quantities of M, and M, also exists. The 
biochemical consequences of an enzyme defect in such 
a reaction may lead to two major consequences: (1) 
Accumulation of the substrate, which, depending on 
the site of block, may be accompanied by accumulation 
of one or both intermediates. Moreover, an increased 
concentration of I, may stimulate the minor pathway 
and thus lead to an excess of M, and M,. Under these 
conditions tissue injury may result if the precursor, the 
intermediates, or the products of alternate minor path- 
ways are toxic in high concentrations. For example, in 
galactosemia, the deficiency of galactose-1-phosphate 
uridyltransferase (p. 491) leads to the accumulation of 
galactose and consequent tissue damage. A deficiency 
of phenylalanine hydroxylase (p. 490) results in the 
accumulation of phenylalanine. Excessive accumulation 
of complex substrates within the lysosomes due _ to 
deficiency of degradative enzymes is responsible for a 
group of diseases generally referred to as lysosomal 
storage diseases (p. 142). (2) An enzyme defect can lead 
to a metabolic block and a decreased amount of end 
product that may be necessary for normal function. For 
example, a deficiency of melanin may result from lack 
of tyrosinase, which is necessary for the biosynthesis of 
melanin from its precursor tyrosine. This results in the 
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Figure 4—6. A schema illustrating the conversion of a substrate (S) 
to the end product (P), through several intermediates (I), brought 
about by enzymes (E). P exerts feedback inhibition of E,. M denotes 
products of minor pathways. 
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clinical condition called albinism, to be discussed later 
(p. 141). If the end product is a feedback inhibitor of 
the enzymes involved in the early reactions (in Fig. 4- 
6 it is shown that P inhibits E,), the deficiency of the 
end product may permit overproduction of intermedi- 
ates and their catabolic products, some of which may 
be injurious at high concentrations. A prime example of 
a disease with such an underlying mechanism is the 
Lesch-Nyhan syndrome (p. 1358). 

DEFECTS IN RECEPTORS AND TRANSPORT SYSTEMS. 
Many biologically active substances have to be actively 
transported across the cell membrane. This is generally 
achieved by one of two mechanisms—through initial 
binding to a specific receptor site followed by internal- 
ization, or via a ‘carrier’ protein. A genetic defect in a 
receptor-mediated transport system is exemplified by 
familial hypercholesterolemia, in which inadequate syn- 
thesis of receptors leads to defective transport of low- 
density lipoproteins (LDL) into the cells and secondarily 
to excessive cholesterol synthesis by complex interme- 
diary mechanisms (p. 139). In Hartnup’s disease, on the 
other hand, the transport system for tryptophan (and 
certain other amino acids) across the intestinal cells is 
defective. Since tryptophan is a precursor of the vitamin 
nicotinamide, symptoms of pellagra (p. 415) develop. 
More than 20 inherited disorders of membrane transport 
have been described in humans. Most affect the gut, 
the kidney, or both. 

ALTERATIONS IN STRUCTURE, FUNCTION, OR QUAN- 
TITY OF NONENZYME PROTEINS. Genetic defects resulting 
in alterations of structural proteins often have wide- 
spread secondary effects, as exemplified by sickle cell 
disease (p. 618). Indeed, the hemoglobinopathies, sickle 
cell disease being one, all of which are characterized by 
defects in the structure of the globin molecule, best 
exemplify this category. In contrast to the hemoglobi- 
nopathies, the group of thalassemias results from mu- 
tations in genes that regulate the rate of globin chain 
synthesis. They are associated with reduced amounts of 
structurally normal alpha- or beta-globin chains (p. 622). 
Other examples of genetically defective structural pro- 
teins that we shall discuss in this chapter involve colla- 
gen and are exemplified by Marfan’s and Ehlers-Danlos 
syndromes. 

GENETICALLY DETERMINED ADVERSE REACTIONS 
TO DRuGS. Certain genetically determined enzyme de- 
ficiencies are unmasked only after exposure of the 
affected individual to certain drugs. This special area of 
genetics, called pharmacogenetics, is of considerable 
clinical importance.** The classic example of drug-in- 
duced injury in the genetically susceptible individual is 
associated with a deficiency of the enzyme glucose-6- 
phosphate dehydrogenase (G6PD). Under normal con- 
ditions, G6PD deficiency does not result in disease, but 
on administration of the antimalarial drug primaquine, 
a severe hemolytic anemia results (p. 617). This is an 
X-linked recessive disorder. An estimated 100 million 
people thraughout the world have some degree of G6PD 
deficiency. It has been suggested that the deficiency 
confers some protection against the parasitization of red 


cells by the malarial parasite, which may explain in 
evolutionary terms why such a gene mutation appears 
with such frequency. 

UNKNOWN MECHANISMS. Despite our extensive 
knowledge of the biochemical basis of many genetic 
disorders, the list of “unknowns” remains large. In- 
cluded in this category, regrettably, is one of the 
commonest genetic diseases, cystic fibrosis. Other im- 
portant unknowns include neoplasms such as retino- 
blastoma, familial colonic polyposis, neurofibromatosis, 
and neuromuscular disorders, including Huntington's 
disease and myotonic dystrophy. 

Despite the usefulness of a pathogenetic classifica- 
tion, based on the nature of the underlying biochemical 
defect, mendelian disorders are generally classified ac- 
cording to their mode of inheritance, a tradition followed 
in the succeeding sections. 


AUTOSOMAL DOMINANT DISORDERS 


Autosomal dominant inheritance has the following 
characteristics: 
1. Affected patients have an affected parent and 
forebears back to the point in the ancestry at which the 
mutant gene arose through an acquired mutation. 
2. Unaffected relatives do not transmit the condi- 
tion. 
3. Offspring of an affected person and a normal 
mate have a 50-50 chance of being affected. 
4. In the rare case in which two affected hetero- 
zygotes mate, there is a 3 out of 4 chance of offspring 
being affected (1 chance in 4 of homozygous normal, 2 
chances in 4 of heterozygous affected; and 1 chance in 
4 of homozygous affected). 
We can do no more than scratch the surface in 
discussing the impressive array of autosomal dominant 
mendelian diseases. Some of these conditions are more 
logically discussed in other chapters. Listed alphabeti- 
cally, they are: 
achondroplasia—a form of dwarfism (p. 1321) 
Huntington's chorea—a neurologic disorder (p. 
1416) 

lymphedema, hereditary (Milroy’s disease) (p. 538) 

nephropathy with deafness (Alport’s syndrome) (p. 
1026) 

polycystic kidney disease (p. 1000) 

polyposis of the colon, certain forms of—multiple 
benign colonic tumors (p. 867) 

sickle cell anemia—a hemoglobinopathy (p. 618) 

spherocytosis—a form of hemolytic anemia (p. 616) 

telangiectasia, Osler’s—widespread vascular mal- 

formations (p. 542) 
thalassemia—a red cell disorder (p. 622) 
tuberous sclerosis—a multisystem disease affecting 
principally the brain (p. 1428) 
von Willebrand's disease—a bleeding diathesis (p. 
648) 
A few autosomal dominant conditions not considered 


elsewhere follow, either because of their frequency or 
because they illustrate significant genetic principles. 


Marfan’s Syndrome 


Marfan’s syndrome is an uncommon but interesting 
disorder of the connective tissues of the body, mani- 
fested principally by changes in the skeleton, eyes, and 
cardiovascular system.® Because affected individuals 
have unusually long, slender extremities, particularly 
elongation of the fingers, this entity has also been 
termed “arachnodactyly”’ (spider fingers). Approxi- 
mately 85% of the cases are familial and transmitted by 
autosomal dominant inheritance. The remainder are 
sporadic and arise from new mutations.* In contrast to 
Down's syndrome in which the risk for the offspring 
rises with maternal age, it is the paternal age that is 
important in the sporadic cases of Marfan’s syndrome; 
fathers of affected children are about seven years older 
than the average. 

There is considerable range in the severity of 
clinical manifestations among affected individuals. This 
range has been attributed to variable expressivity of the 
mutant gene as well as possible genetic heterogeneity 
(p. 134). For unknown reasons, males transmit the 
familial disease far less often than females, perhaps 
because they have reduced fertility as compared with 
affected females. 


Skeletal abnormalities are the most striking feature 
of Marfan’s syndrome. Typically, the patient is unusually tall 
with exceptionally long extremities and long, tapering fingers 
and toes. Interestingly, it is the forearms (distal) and thighs 
(proximal) that contribute most to this extremity elongation. 
The joint ligaments in the hands and feet are lax, suggesting 
that the patient is double-jointed; typically, the thumb can be 
hyperextended back to the wrist. The head is commonly 
dolichocephalic (long-headed) with bossing of the frontal 
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eminences and prominent supraorbital ridges. President 
Lincoln is suspected to have had Marfan’s syndrome and 
represents a classic example of the condition. A variety of 
spinal deformities may appear, including kyphosis, scoliosis, 
or rotation or slipping of the dorsal or lumbar vertebrae. The 
chest is classically deformed, presenting either pectus ex- 
cavatum (deeply depressed sternum) or a pigeon-breast 
deformity. Subcutaneous fat is usually scant, and muscular 
development is poor; thus, these patients have a long. gaunt 
appearance, sometimes marked by the many distortions of 
the bodily habitus mentioned. 

The ocular changes take many forms. Most character- 
istic is bilateral subluxation or dislocation (usually outward 
and upward) of the lens, referred to as ectopia lentis. This 
abnormality is so uncommon in those who do not have this 
genetic disease that the finding of bilateral ectopia lentis 
should raise the suspicion of Marfan’s syndrome. Cataracts, 
retinal detachment, secondary glaucoma, and a wavy, trem- 
ulous iris on rapid eye motion may also be present. All these 
ocular changes relate to a basic defect in connective tissue 
and impaired support of the ocular structures. 

Cardiovascular lesions are the most life-threaten- 
ing features of this disorder. Of greatest importance is the 
development of cystic medionecrosis (p. 522) of the aorta, 
which predisposes to aneurysmal dilatation and sometimes 
rupture. The medial weakening and dilatation principally 
affect the ascending aorta, but in a few cases have involved 
the aortic arch and the descending and abdominal aorta. 
Sometimes the pulmonary artery is concomitantly affected. 
Histologically, the changes in the aorta are virtually identical 
to those found in cystic medionecrosis not related to Marfan’s 
syndrome, and constitute depletion and fragmentation of 
elastic laminae of the media associated with increased 
vascularity of the media and adventitia. Along with disruption 
of the elastic fibers there is deposition of a metachromatic 
amorphous intercellular substance, which can be histochem- 
ically identified as acid mucopolysaccharides. In very severe 
cases, large clefts or cystic areas may be seen within the 
increased ground substance (Fig. 4—7). There is some 
associated increase in collagen fibers and smooth muscle 
cells. The latter become disoriented and enlarged and may 
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even come to lie at abnormal, oblique, or right angles to the 
layers of elastic tissue. Loss of medial support results in 
progressive dilatation of the aortic valve ring and the root of 
the aorta, giving rise to severe aortic incompetence. Weak- 
ening of the media also predisposes to an intimal tear, which 
may initiate an intramural hematoma that cleaves the layers 
of the media to produce a so-called dissecting aneurysm (p. 
522). After cleaving the aortic layers for considerable dis- 
tances, sometimes back to the root of the aorta or down to 
the iliac arteries, the hemorrhage often ruptures through the 
aortic wall. Such a calamity is the cause of death in 30 to 
45% of these individuals and may occur at any age; it has 
been reported in a 4-year-old child. Even when dissection 
does not occur, the dilatation of the aorta may involve the 
aortic valve ring, leading to aortic regurgitation. 

A variety of other cardiac lesions are often found in 
these patients. Loss of connective tissue support in the 
mitral valve leaflets may make them soft and billowy, creating 
the so-called “floppy valve.” Valvular lesions, along with 
shortening of the chordae tendineae, frequently give rise to 
mitral regurgitation. Similar changes may affect the tricuspid, 
and rarely the aortic, valves. Although mitral valve lesions 
are more frequent, they are clinically less important than 
aortic valve lesions. Hemodynamic dysfunction secondary 
to the valvular changes often leads to cardiomegaly. 

As mentioned at the outset, there is great variation in 
the clinical expression of this genetic disorder. Patients with 
prominent eye or cardiovascular changes may have few 
skeletal abnormalities, while others with striking changes in 
bodily habitus have no eye changes. All combinations and 
permutations may be encountered, and in some affected 
individuals the signs and symptoms are exceedingly subtle. 
Failure to identify these formes frustes in family pedigrees 
may account for the misinterpretation that the patient rep- 
resents a fresh mutation. 


It is disappointing to report that, despite all the 
striking clinical findings, the basic nature of the under- 
lving connective tissue defect is still obscure. Indeed, 
there is still uncertainty whether the hereditary defect 
primarily involves elastic fibers or collagen fibers. Con- 
ceivably, both are affected concomitantly. Most of the 
evidence supports the concept that some subtle bio- 
chemical or metabolic defect in collagen accounts for its 
premature degeneration or “aging.” 

Much interest has centered around the concept 
that the basic defect in Marfan’s syndrome is decreased 
formation of cross-linkages in collagen and elastic fibers, 
which impairs their tensile strength. Indeed, in certain 
animal models, defects in collagen cross-linkages do lead 
to marfanoid manifestations. For example, rats fed sweet 
pea meal derived from the seeds of Lathyrus odoratus 
develop remarkably similar skeletal changes and dis- 
secting aneurysms of the aorta. The active ingredient 
responsible for the production of lathyrism is beta- 
aminopropionitrile, which blocks cross-linkages in col- 
lagen and elastin fibers by inhibiting the enzyme lysyl- 
oxidase (p. 78). Since lysyl-oxidase is a copper- 
dependent enzyme, the search for possible genetic 
metabolic derangements lead to Menke’s syndrome, an 
X-linked recessive disorder of man marked by a block 
in the intestinal absorption of copper. In this rare 
metabolic disorder, changes in aortic collagen and elas- 


tin are present that may well be attributable to the 
deficiency of the cross-linking enzyme lysyl-oxidase. 
However, there is no evidence of any impairment of 
copper metabolism or lysyl-oxidase activity in Marfan’s 
syndrome. Defective cross-link formation could also be 
brought about by a number of other mechanisms. These 
include structural abnormalities involving critical lysine 
or histidine residues in the collagen chains, presence of 
cross-link inhibitors analogous to B-aminopropionitrile, 
or altered fibril stability resulting from defects in the 
synthesis of proteoglycans. Some preliminary evidence 
for defective biosynthesis of type I collagen in aortic 
explants has been obtained,** and abnormalities of cross- 
links in collagen obtained from several patients with 
Marfan’s syndrome have also been noted.” Although 
deranged synthesis of ground substance by Marfan’s 
fibroblasts has also been reported,*”® the bulk of the 
evidence now favors a primary defect in the collagen. 
As an autosomal dominant syndrome to be antici- 
pated in 50% of the offspring of an affected parent, 
Marfan’s syndrome is of tragic significance. The average 
age at death is between 30 and 40 years.*! The great 
majority of these deaths are caused by rupture of 
dissecting aneurysms, followed in importance by cardiac 
failure. Unhappily, there are no satisfactory means of 
consistently preventing these calamitous consequences, 
even when the diagnosis is established at an early age. 
Therapy to lower the blood pressures sometimes fol- 
lowed by replacement of the aortic arch with a pros- 
thesis, has yielded encouraging results in some patients. 


Neurofibromatosis (von Recklinghausen’s 
Disease) 


Neurofibromatosis is a relatively common disorder 
with a frequency of almost one in 3000.” Although 
approximately 50% of the patients have a definite family 
history consistent with autosomal dominant transmis- 
sion, the remainder appear to represent new mutations, 
perhaps affecting the same gene or genes. In familial 
cases, the expressivity of the disorder is variable but 
the penetrance is 100%. There is more than one form 
of neurofibromatosis, pointing to genetic heterogeneity. 
Most common is the classical neurofibromatosis, which 
has three major features: (1) multiple neural tumors 
dispersed anywhere on or in the body; (2) numerous 
pigmented skin lesions, some of which are “café au lait” 
spots; and (3) pigmented iris hamartomas, also called 
Lisch nodules. A bewildering assortment of other ab- 
normalities may accompany these cardinal manifesta- 
tions. 


The neurofibromas arise within or are attached to nerve 
trunks anywhere in the skin, including the palms and soles, 
as well as in every conceivable internal site, including the 
cranial nerves (particularly the acoustic nerve). Acoustic 
neuromas when they occur in classical neurofibromatosis 
are unilateral in contrast with the presence of bilateral tumors 
in the central or acoustic form of neurofibromatosis. On 
the surface of the body they generally occur in profusion 


and range from discrete, soft, yielding, subcutaneous nod- 
ules less than 1 cm in diameter to moderate-sized pedun- 
culated lesions, to huge, multilobar pendulous masses, 20 
cm or more in greatest diameter. Similar tumors may occur 
internally, and in general the deeply situated lesions tend to 
be large. On gross examination, the neurofibromas vary 
from spherical to cylindrical to beaded, sometimes tortuous 
(plexiform) masses. They may or may not be encapsulated. 
Microscopically they are composed of a proliferation of all 
the elements in the peripheral nerve including neurites, 
Schwann cells, and fibroblasts. Typically, these components 
are dispersed in a loose, disorderly pattern, often in a loose, 
myxoid stroma. Elongated, serpentine Schwann cells pre- 
dominate, with their slender, spindle-shaped nuclei. The 
loose disorderliness of the microscopic architecture helps to 
differentiate these neural tumors from related neurilemmo- 
mas (schwannomas). Neurilemmomas composed entirely of 
Schwann cells virtually never undergo malignant transfor- 
mation, whereas the neurofibromas of von Recklinghausen’s 
disease become malignant in about 10 to 15% of patients. 
Malignant transformation is most common in the very large 
tumors attached to large nerve trunks of the neck or extrem- 
ities. The superficial lesions, despite their size, rarely be- 
come malignant. 

The cutaneous pigmentations, the second major com- 
ponent of this syndrome, are present in over 90% of patients. 
Most commonly they appear as light brown “cafe au lait” 
macules, with generally smooth borders, often located over 
nerve trunks. They are usually round to ovoid, with their long 
axes parallel to the underlying cutaneous nerve. Although 
normal individuals may have a few café au lait spots, it is a 
clinical maxim that when six or more spots over 1.5 cm in 
diameter are present, the patient is likely to have neurofibro- 
matosis. 

Lisch nodules are present in over 94% of patients who 
are 6 years or older. They do not produce any symptoms 
but are helpful in establishing the diagnosis. 


A wide range of associated abnormalities has been 
reported in these patients. Perhaps most common (30 
to 50% of patients) are skeletal lesions, which take a 
variety of forms, including (1) erosive defects due to 
contiguity of neurofibromas to bone, (2) scoliosis, (3) 
intraosseous cystic lesions, (4) subperiosteal bone cysts, 
and (5) pseudarthrosis of the tibia. Other types of tumors 
are encountered more frequently in neurofibromatosis 
than in the general population, including meningiomas, 
gliomas, Wilms’ tumors, rhabdomyosarcomas, pheo- 
chromocytomas, medullary thyroid cancers, among oth- 
ers. Pheochromocytomas are found in about 1% of 
patients with this genetic disease, and conversely 5 to 
20% of patients with pheochromocytomas have neuro- 
fibromatosis. Stricture of the aqueduct of Sylvius, lead- 
ing to hydrocephalus, may occur as a consequence of 
some peculiar overgrowth of the neuroglial cells. 

Although some patients with this condition have 
normal mentality, there is an unmistakable tendency for 
reduced intelligence. When neurofibromas arise within 
the gastrointestinal tract, intestinal obstruction or gas- 


trointestinal bleeding may occur. Narrowing of a renal . 


artery by a tumor may induce hypertension. The range 
of clinical presentations is almost limitless, but ulti- 
mately the diagnosis rests on the concurrence of multi- 
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ple café au lait spots and multiple skin tumors. However, 
these cardinal features may not be well developed at 
birth, and in many patients the disease is not discovered 
until adult life. The skin pigmentations become more 
evident with age as giant melanosomes in epidermal 
cells accumulate melanin, and the neural tumors, 
though small at first, slowly enlarge. 

There are three other genetic variants of neurofi- 
bromatosis,*? of which only the central or acoustic form 
is common enough to merit discussion. In these pa- 
tients, bilateral acoustic nerve tumors are invariably 
present with or without skin tumors. Café au lait spots 
are present but Lisch nodules in the iris are not found. 
Patients with central or the acoustic form breed true, 
but it is not yet clear whether this trait is allelic with 
classical neurofibromatosis. 


von Hippel-Lindau Disease 


Von Hippel-Lindau disease is a rare autosomal 
dominant disorder characterized by a variety of benign 
and malignant neoplasms widely dispersed throughout 
the body. The most common and characteristic neo- 
plasms are retinal hemangioblastoma (retinal angioma- 
tosis), sometimes referred to as von Hippel’s tumor, 
and hemangioblastoma of the cerebellum, sometimes 
called Lindau’s tumor. The next most common tumors 
are hemangioblastoma of the medulla oblongata or spinal 
cord; angiomas of the liver and kidney; adenomas of the 
kidney and epididymis, renal cell carcinoma; adrenal 
pheochromocytoma; and cysts of the pancreas, kidney, 
and epididymis. Less frequently present are angiomas 
and cysts in a number of other organs, including lungs, 
spleen, omentum, adrenal gland, and ovary. In this 
roster the most important are the hemangioblastomas 
of the central nervous system, since these are the 
immediate cause of death in over half of all patients. 
The retinal angiomatosis is also of significance because 
it causes visual disturbances that are the presenting 
symptoms in many patients. Attention should also be 
directed to the renal cell carcinoma, since this is found 
in about one-fourth of the patients and is a major cause 
of death when present. All these neoplasms are rarely 


detectable at birth, and in most patients diagnosis is not 


made until the fourth decade of life.* 

Phenotypic expression of this disease is wide-rang- 
ing, and no individual has all the tumors mentioned. 
Those unfortunate enough to have an intracranial he- 
mangioblastoma or renal cell carcinoma usually follow a 
progressive downhill course to death at.an early age. 


Familial Hypercholesterolemia 


This “receptor disease” is the consequence of a 
mutation in the gene encoding specific cell membrane 
receptors involved in the transport and metabolism of 
cholesterol. The loss of feedback control leads to ele- 
vated levels of cholesterol that induce premature athero- 
sclerosis and greatly increase the risk of myocardial 
infarction. ** 
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Familial hypercholesterolemia is possibly the most 
frequent mendelian disorder. Heterozygotes with one 
mutant gene representing about one in 500 individuals 
have from birth a two- to threefold elevation of plasma 
cholesterol, leading to tendinous xanthomas and _ pre- 
mature atherosclerosis in adult life (p. 507). Homozy- 
gotes having a double dose of the mutant gene are much 
more severely affected and may have five- to sixfold 
elevations in plasma cholesterol levels. These individu- 
als develop skin xanthomas and coronary, cerebral, and 
peripheral vascular atherosclerosis at an early age. Myo- 
cardial infarction may develop before the age of 20 vears 
(p. 556). Large-scale studies have found that familial 
hypercholesterolemia is present in 3 to 6% of survivors 
of myocardial infarction. 

An understanding of this disorder requires that we 
briefly review the normal process of cholesterol metab- 
olism and transport. Cholesterol performs vital struc- 
tural and metabolic functions in the body. About 93% 
of the body's total cholesterol is located within cells, 
whereas 7% circulates in the plasma. Low-density lipo- 


proteins (LDL) constitute the major transport form of 


cholesterol in the plasma. There appear to be two 
mechanisms for removal of LDL from plasma, one 
mediated by a receptor-dependent process and the other 
by a receptor-independent pathway. Many cell types, 
including fibroblasts, smooth muscle cells, hepatocytes, 
and adrenocortical cells, possess high-affinity LDL-re- 
ceptors and acquire cholesterol from LDL by a sophis- 
ticated transport process (Fig. 4-8). The first step in- 
volves binding of LDL to cell surface receptors, which 
are located in specialized regions of the plasma mem- 
brane called coated pits. Following binding, the coated 
pits containing the receptor-bound LDL are internalized 
by invagination to form coated vesicles, after which they 
migrate within the cell to fuse with the lysosomes. Here 
the LDL molecule is enzymatically degraded, the apo- 
protein part being hydrolyzed to amino acids, whereas 
the cholestervl esters are broken down to free choles- 
terol. This in turn crosses the lysosomal membrane to 
enter the cytoplasm, where it is utilized for membrane 
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Figure 4—8. Sequential steps in LDL receptor pathway in cultured 
mammalian cells. LDL = low-density lipoprotein; HMG CoA reduc- 
tase = 3-hydroxy-3-methyl-glutaryl CoA reductase; ACAT = acyl- 
coenzyme A:cholesterol acyltransferase. (From Goldstein, J. L., and 
Brown, M. S.: The LDL receptor defect in familial hypercholesterol- 
emia. Implications for pathogenesis and therapy. Med. Clin. North 
Am. 66:335, 1982.) 


synthesis and as a regulator of cholesterol homeostasis. 


Three separate processes are affected by the released 


intracellular cholesterol. First, it suppresses cholesterol] 
synthesis within the cell by inhibiting the activity of the 
enzyme 3-hydroxy-3-methylglutary] (3HMG) CoA re- 
ductase, which is the rate-limiting enzyme in the syn- 
thetic pathway. Second, the cholesterol activates the 
enzyme cholesterol acyltransferase, which favors ester- 
ification and storage of excess cholesterol. Third, cho- 
lesterol suppresses the synthesis of cell surface LDL 
receptors, thus protecting the cells from excessive ac- 
cumulation of cholesterol. 

The transport of LDL not involving LDL receptors 
alluded to earlier appears to take place in the cells of 
the mononuclear phagocytic system, but may also occur 
in other cells (p. 514). The amount catabolized by this 
pathway is directly related to the plasma cholesterol 
level. 

As mentioned earlier, familial hypercholesterolemia 
results from mutation in the gene specifying the receptor 
for LDL. Heterozygotes with familial hypercholesterol- 
emia possess only 50% of the normal number of high- 
affinity LDL receptors, since they have only one normal 
gene. As a result of this defect in transport, the catab- 
olism of LDL by the receptor-dependent pathway is 
impaired and the plasma level of LDL increases ap- 
proximately twofold. With an increase in the plasma 
LDL, a new steady state is achieved in which the 
absolute amount of LDL catabolized by the receptor- 
dependent pathway is near normal since the elevation 
of the plasma LDL “compensates” for the defective 
transport. The price the body pays for such compensa- 
tion is increased susceptibility to atherosclerosis. Homo- 
zygotes have virtually no normal LDL receptors in their 
cells and have much higher levels of circulating LDL. 
In addition to defective LDL transport, both the homo- 
zygotes and heterozygotes have increased synthesis of 
LDL. In homozygotes production of LDL is estimated 
to be two- to threefold above normal, whereas in 
heterozvgotes there is a 30% increase. The mechanism 
of increased synthesis that contributes to hvpercholes- 
terolemia has been clarified recently by the study of a 
rabbit model of familial hypercholesterolemia.“ It ap- 
pears that the lack of LDL receptors on the liver cells 
increases the conversion of very-low-density lipopro- 
teins into LDL via the formation of intermediate-density 
lipoprotein (see Fig. 12-12). 

We mentioned earlier the receptor-independent 
transport of LDL into the phagocytic cells. Normally, 
the amount of LDL transported along this pathwav is 
less than that mediated by the receptor-dependent 
mechanisms. However, in the face of hypercholester- 
olemia there is a marked increase in the LDL receptor- 
independent traffic of LDL-cholesterol into the cells of 
the mononuclear phagocyte system and possibly the 
vascular walls. This is responsible for the appearance of 
xanthomas and may also contribute to the pathogenesis 
of premature atherosclerosis. 

Although familial hypercholesterolemia results from 
mutation in a single gene, three distinct types of mu- 


tations affecting the LDL gene have been recognized 
(genetic heterogeneity). These are: (1) Receptor-negative 
disease, characterized by the absence of functional re- 
ceptors. The LDL binding by cells from homozygotes 
with receptor-negative disease is less than 2% of normal. 
(2) Receptor-defective disease, in which the mutant allele 
specifies a receptor protein with reduced binding activ- 
ity. Cells from homozygotes bind from 2 to 20% of 
normal LDL particles. (3) Internalization defect, which 
is extremely rare and is characterized by the presence 
of a receptor protein that can bind LDL normally but 
cannot internalize the bound LDL. 

These recent discoveries of the crucial role of LDL 
receptors in cholesterol homeostasis have stimulated 
several studies designed to lower plasma cholesterol by 
increasing the number of LDL receptors.* For example, 
certain compounds that inhibit intracellular cholesterol 
synthesis are capable secondarily of increasing cellular 
LDL receptors. Although intracellular cholesterol syn- 
thesis is suppressed, the body stores of cholesterol are 
not depleted since adequate delivery of cholesterol into 
the cells continues by the improved receptor-mediated 
transport at lower levels of plasma LDL. Such ap- 
proaches may be beneficial not only in familial hyper- 
cholesterolemia, but also in cases in which plasma LDL 
levels are elevated owing to nongenetic factors (see p. 
515 for other forms of hypercholesterolemia). 


AUTOSOMAL RECESSIVE DISORDERS 


Autosomal recessive inheritance is the single largest 
category of mendelian disorders. Nonetheless, the mu- 
tant genes are relatively rare in the population, and so 
the following features obtain: 

1. In most instances the phenotypic change is not 
present in the parents, forebears, or relatives of the 
affected individual, but both parents carry the unex- 
pressed recessive gene, i.e., they are carriers. 

2. Siblings of an affected child have a 1 in 4 
chance of being affected. 

3. Consanguinity is more common among parents 
of affected children than among parents of normal 
children; moreover, the rarer the disease, the greater 
the likelihood of parental consanguinity. 

The category of autosomal recessive disease in- 
cludes almost all the inborn errors of metabolism. As 
mentioned previously, these are syndromes in which 
the gene mutation leads to deficient functional activity 
of a specific enzyme. The various consequences of 
enzyme deficiencies were discussed on page 135. Mech- 
anisms other than enzyme deficiency may also be in- 
volved. Increasingly we have become aware that there 
is another category of genetic metabolic diseases char- 
acterized by inborn errors of transport. These are es- 
sentially “membrane disorders.” The Fanconi 
drome, characterized by glycosuria, aminoaciduria, 
chronic acidosis, vitamin D-resistant rickets, and osteo- 
malacia, represents such a transport disorder. In some 
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cases, the transport defects have been traced to defects 
in membrane receptors.“ Thus, autosomal recessive 
errors in metabolism involve a wide range of mecha- 
nisms. Some of these conditions are presented else- 
where in this text, as follows: 
adrenogenital syndrome—an endocrinopathy (p. 
1241) 
alpha-1l-antitrypsin deficiency—associated with pul- 
monary disease (p. 721) 
cystic fibrosis of the pancreas—a childhood disorder 
(p. 493) 
galactosemia—a childhood disorder (p. 491) 
muscular dystrophy—one form (p. 1308) 
osteopetrosis—a skeletal disorder (p. 1321) 
phenylketonuria—a childhood disease (p. 490) 
severe combined immunodeficiency—a primary 
immunodeficiency (p. 207) 
Wilson's disease (p. 932) 
A few additional autosomal recessive disorders that 
involve multiple organs will be described here. 


Albinism 


Among the genetic metabolic disorders, albinism 
is, happily, one of the less serious. It constitutes the 
hereditary inability to synthesize melanin. There are 
two clinical variants: ocular albinism and oculocutaneous 
albinism. In the former, which in the vast majority of 
cases is inherited as an X-linked recessive, the lack of 
pigmentation is limited to the eye; in the latter, hair, 
skin, and eye pigmentation is affected.* 

Six genetic variants of oculocutaneous albinism have 
been identified, all transmitted as autosomal recessive 
traits. In four of the six genetic forms, there are asso- 
ciated defects in other organ systems, notably the he- 
matopoietic cells. In two, the lack of skin and eye 
pigmentation is the dominant clinical feature. In one of 
these two, called “tyrosinase negative, ’ the melanocytes 
lack tyrosinase; in the other, called “tyrosinase positive, ” 
there is no deficiency of tyrosinase and the precise 
biochemical defect is unknown. As you recall, tyrosine 
is the substrate from which melanin is produced. Ty- 
rosinase catalyzes the formation of dihydroxyphenylala- 
nine (dopa) from tyrosine. Dopa is one of the interme- 
diaries in the formation of the dark brown-black pigment | 
melanin. Whether due to a defect in the handling of 
the basic substrate or to a defect in its metabolic 
conversion, the end result is an albino individual. In 
both types of metabolic defect, individuals have a der- 
matosensitivity to solar exposure, greater in the tyrosin- 
ase—negative type. When exposed to sunlight, the skin 
is prone to develop wrinkles, but more important, there 
is an increased frequency of solar keratosis and basal 
cell and squamous cell carcinomas. 

In the eye, the lack of pigment in the iris and 
retina leads to exquisite sensitivity to bright light and 
impaired visual acuity. Astigmatism, myopia, and other 
visual disturbances may also be present. The lack of the 
“sun shield” in the skin and eye predisposes to actjnic- 
induced melanocarcinomas at these sites. 
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Alkaptonuria (Ochronosis) 


In this autosomal recessive disorder, the lack of 
homogentisic oxidase blocks the metabolism of phenyl- 
alanine-tyrosine at the level of homogentisic acid. Thus, 
homogentisic acid accumulates in the body. Some is 
excreted and imparts a black color to the urine, if 
allowed to stand and undergo oxidation. 


The retained homogentisic acid selectively binds to 
collagen in connective tissues, tendons, and cartilage, im- 
parting to these tissues a blue-black pigmentation (ochron- 
osis) most evident in the ears, nose, and cheeks. The most 
serious consequences of ochronosis, however, stem 
from deposits of the pigment in the articular cartilages 
of the joints. In some obscure manner, the pigmentation 
causes the cartilage to lose its normal resiliency and become 
brittle and fibrillated.*® Wear-and-tear erosion of this abnor- 
mal cartilage leads to denudation of the subchondral bone, 
and often tiny fragments of the fibrillated cartilage are driven 
into the underlying bone, worsening the damage. The ver- 
tebral column, particularly the intervertebral disc, is the prime 
site of attack, but later the knees, shoulders, and hips may 
be affected. The small joints of the hands and feet are 
usually spared. 


Although the metabolic defect is present from birth, 
the degenerative arthropathy develops slowly and usu- 
ally does not become clinically evident until the fourth 
decade of life. While it is not life threatening, it may 
be severely crippling. The disability may be as extreme 
as that encountered in the severe forms of osteoarthritis 
(p. 1349) of the elderly, but unfortunately in alkapto- 
nuria the arthropathy occurs at a much earlier age. 


Lysosomal Storage Diseases 


A group of relatively rare genetic metabolic diseases 
are characterized by a lysosomal enzyme deficiency that 
results in the accumulation in secondary lysosomes of 
some material that would ordinarily be metabolized, 
hence the designation “lysosomal storage diseases.” 
They are considered here as a group because almost all 
are transmitted as autosomal recessives. Despite the 
fact that they are uncommon, they are of importance 
for many reasons: (1) the specific enzyme deficiency has 
been identified in most; (2) some of these conditions are 
the most devastating of childhood; (3) amniocentesis 
permits identification of most conditions in fetal cultured 
fibroblasts, providing the opportunity to terminate the 
pregnancy; (4) heterozygotes can be detected, permit- 
ting genetic counseling; and (5) most important of all, 
attempts to treat some of these diseases by administra- 
tion of exogenous enzymes are now being actively 
investigated. 

Several distinctive and separable conditions are 
included among the lysosomal storage diseases (Table 
4—6). They can be divided into rational categories based 
on the biochemical nature of the accumulated metabo- 
lite, thus creating such subgroups as the glycogenoses, 
sphingolipidoses (lipidoses), _mucopolysaccharidoses, 
and mucolipidoses. Within a category the individual 


entities may closely resemble one another, not only 
clinically but also biochemically. The chemical interre- 
lationships among the sphingolipidoses, for example, 
are emphasized in Figure 4-9, where it is evident that 
the individual conditions result from a variety of enzyme 
blockages affecting different levels in the pathways of 
complex lipid degradation. It therefore is often neces- 
sary, and always desirable, to confirm clinical impres- 
sions by biochemical identification of the accumulated 
metabolite and/or the enzyme deficiency. Only one 
among the many glycogenoses results from a lysosomal 
enzyme deficiency, and so this family of storage diseases 
will be considered later (p. 150). Only the most common 
disorders among the remaining groups will be consid- 
ered here; the others must be relegated to specialized 
texts.” 

TAY-SACHS DISEASE (G,,.-GANGLIOSIDOSIS TYPE 1). 
The autosomal recessive Tay-Sachs disease is the pro- 
totype and the most important of the gangliosidoses. As 
can be seen from Table 4-6, there are other gangliosi- 
doses separated into G,,, and G,,. categories, each fur- 
ther subdivided into distinctive entities. Tay-Sachs dis- 
ease, a G,,,-gangliosidosis, is particularly prevalent 
among Jews, in particular among those of Eastern 
European (Ashkenazic) origin in whom a carrier rate of 
one in 30 has been reported.” The specific enzyme 
dysfunction in Tay-Sachs disease is a deficiency of 
hexosaminidase A, while the activity of the other isoen- 
zyme, hexosaminidase B, is increased. Hexosaminidase 
A catalyzes the degradation of G,,.-ganglioside, and so 
in this condition it accumulates. 


The hexosaminidase A is absent from virtually all the 
tissues that have been examined, including leukocytes and 
plasma, and so G,,.-ganglioside accumulates in many tissues 
(e.g., heart, liver, spleen), but it is the involvement of neurons 
in the central and autonomic nervous systems and retina 
that dominates the clinical picture. Depending on the duration 
of survival, the weight of the brain may be normal or 
decreased, but in patients surviving one or more years it is 
usually increased, sometimes more than 50%, owing to the 
accumulation of ganglioside in cells. The increase in weight 
is accompanied by enlargement of the cerebral gyri and 
narrowing of the sulci. Paradoxically, the cerebellum and 
brain stem may concomitantly undergo atrophy. On histo- 
logic examination, the neurons are ballooned with cyto- 
plasmic vacuoles, each of which comprises a markedly 
distended lysosome filled with gangliosides (Fig. 4—10). 
Stains for fat such as oil red O and Sudan black are positive. 
Under the electron microscope, several types of cytoplasmic 
inclusions can be visualized, the most prominent being 
whorled configurations within lysosomes composed of 
onionskin layers of membranes (Fig. 4—-10).°" In time there 
is progressive destruction of neurons, proliferation of mi- 
croglia, and accumulation of complex lipids in phagocytes 
within the brain substance. A similar process occurs in the 
cerebellum as well as in neurons throughout the basal 
ganglia, brain stem, spinal cord, and dorsal root ganglia, 
and the neurons of the autonomic nervous system.*? The 
ganglion cells in the retina are similarly swollen with G,,.- 
ganglioside, particularly at the margins of the macula. A 
cherry-red spot thus appears in the macula, representing 
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Table 4—6. LYSOSOMAL STORAGE DISEASES 


Major Accumulating Metabolites 


a 


Glycogenosis 
Type 2—Pompe's disease 


Sphingolipidoses 
Gyi-gangliosidosis: 


Type 1— infantile, generalized 

Type 2—juvenile 
Gue-gangliosidosis: 

Tay-Sachs disease 

Sandhoff-Jatzkewitz disease 
Sulfatidoses: 

Metachromatic leukodystrophy 

Multiple sulfatase deficiency 


Krabbe’s disease ‘ 
Fabry’s disease 
Gaucher’s disease 
Niemann-Pick disease 


Mucopolysaccharidoses 
Several types (see Table 4—7) 


Mucolipidoses (ML) 
I-cell disease (MLII) and pseudo- 
Hurler polydystrophy (MLIII) 


Other Diseases of Complex 
Carbohydrates 
Fucosidosis 


Mannosidosis 
Aspartylglycosaminuria 


Other Lysosomal Storage Diseases 
Wolman’s disease 
Acid phosphate deficiency 


a-1,4-glucosidase (lysosomal 
glucosidase) 


Gm; ganglioside B-galactosidase 


Hexosaminidase A 
Hexosaminidases A and B 


Aryl sulfatase A 

Aryl sulfatases A, B, C; steroid 
sulfatase; iduronate sulfatase, 
heparan N-sulfatase. 

Galactosylceramidase 

a-Galactosidase A 

Glucocerebrosidase 

Sphingomyelinase 


Several types (see Table 4—7) 


Intralysosomal deficiency of acid 
hydrolases that fail to localize in the 
lysosomes owing to poor 
phosphorylation; the enzyme levels 
increase in extracellular fluids 


a-Fucosidase 


a-Mannosidase 
Aspartylglycosamine amide hydrolase 


Acid lipase 
Lysosomal acid phosphatase 


Glycogen 


Gm:-ganglioside, galactose-containing 
oligosaccharides 


Gwue-ganglioside 
Gwue-ganglioside, globoside 


Sulfatide 
Sulfatide, steroid sulfate, heparan 
sulfate, dermatan sulfate 


Galactocerebroside 
Ceramide trihexoside 
Glucocerebroside 
Sphingomyelin 


Dermatan sulfate, heparan sulfate, 
keratan sulfate, chondroitin sulfate 


Mucopolysaccharide, glycolipid 


Fucose-containing sphingolipids and 
glycoprotein fragments 

Mannose-containing oligosaccharides 

Aspartyl-2-deoxy-2- 
acetamidoglycosylamine 


Cholesterol esters, triglycerides 
Phosphate esters 
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CEREBROSIDES 


Globoside GalNAc—Gal—Gal—Glc—Cer 


“Hexosaminidase A and B 
(Sandhoff's disease) 


Trihexosylceramide Gal—Gal—Glc—Cer 


a-Galactosidase 
(Fabry’s diséase) 


GANGLIOSIDES 


Gal—GalNAc—Gal—Glc—Cer 
| 
NANA 
8-Galactosidase 
(GM, gangliosidosis) 
GalNAc—Gal—Gic—Cer 
| 
NANA 


Hexosaminidase A 
(Tay-Sachs disease) 


Lactosyiceramide Gal—Glc—Cer <«—_______________—_—_- Gal—Gic—Cer 


8-Galactosidase 
(Lactosylceramidosis) 


Glucosyiceramide Gic—Cer 
(Glucocerebroside) 


Glucocerebrosidase 
(Gaucher's disease) 


| 
NANA 


Galactosylceramidase (Krabbe’s disease) 


GM, ganglioside 


GM, ganglioside 


Sphingomyelin CholP—-Cer ———_—-» Cer <___—_—_—_———_ Gal—Cer «—— SO, H—-GalCeer Sulfatide 


Sphingomyelinase 
(Niemann-Pick 
disease) 


Ceramidase 
(Farber's lipogran- 
ulomatosis) 


Sphingosine 
+ 


Fatty acids 


Galactosyl- 
ceramide 


Arylsulfatase A 


(Metachromatic leukodystrophy) 


Figure 4-9. Site of enzymatic defects in sphingolipidoses and diseases produced by the lack of 
enzymes. *Both hexosaminidase A and B can cleave the terminal N-acetylgalactosaminyl residue of 
globoside; therefore, globoside does not accumulate in Tay-Sachs disease, in which only hexosamin- 
idase A is deficient. GalNAc = N-acetylgalactosamine; Gal = galactose; Glc = glucose; Cer = 
ceramide; CholP = phosphorylcholine. (Modified from Jackson, L. G., and Schimke, R. N. (eds.): 
Clinical Genetics. New York, John Wiley & Sons, 1979, p. 159.) 
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Figure 4—10. Ganglion cells in Tay-Sachs disease. A, Under the light microscope, a large neuron at 
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the top has obvious lipid vacuolation with karyolysis and granularity of nucleus. B, Portion of a neuron 
under the electron microscope shows prominent lysosomes with whorled configurations. Part of the 
nucleus is shown above. (Electron micrograph courtesy of Dr. Joe Rutledge, Southwestern Medical 


School, Dallas, Texas.) 


accentuation of the normal color of the macular choroid 
contrasted with the pallor produced by the swollen ganglion 
cells in the remainder of the retina. As the retinal ganglion 
cells die from the accumulation of lipid, the cherry-red spot 
may disappear in patients with protracted disease. 


Affected infants appear quite normal at birth but 
begin to manifest signs and symptoms at about 6 months 
of age. There is relentless motor and mental deteriora- 
tion, beginning with motor incoordination, mental ob- 
tundation leading to muscular flaccidity, blindness, and 
increasing dementia. The blindness and progressive 
mental deterioration account for the older designation 
of this condition as amaurotic (having blindness) familial 
idiocy. Sometime during the early course of the disease 
the characteristic, but not pathognomonic, “cherry-red” 
spot appears in the macula of the eye grounds in almost 
all patients. Over the span of one or two years a 
complete, pathetic vegetative state is reached, followed, 
usually too late, by death at 2 to 3 years of age. 

Antenatal diagnosis is possible by identification of 
the deficiency of hexosaminidase A in cultured fibro- 
blasts derived from amniotic fluid. It is important to 


note, however, that perfectly normal individuals have ~ 


been identified who lack detectable hexosaminidase A 
activity but can nonetheless catabolize G,,-ganglio- 
side.™ It is also possible to identify heterozygote carriers 


who have enzyme levels intermediate between controls 
and homozygous affected infants. Although the intra- 
venous administration of purified hexosaminidase A is 
being explored as a therapeutic modality, early results 
have not been encouraging; however, it is too soon to 
draw conclusions. 

NIEMANN-PICK DISEASE. This autosomal recessive 
disorder is characterized by a deficiency of the sphin- 
gomyelin-cleaving enzyme sphingomyelinase, resulting 
in the accumulation of sphingomyelin as well as choles- 
terol in reticuloendothelial and parenchymal cells in 
many organs throughout the body. On the basis of the 
distribution of the involved organs and the nature of 
sphingomyelinase deficiency, five clinically distinguish- 
able phenotypes (types A to E) have been delineated. 
Remarks here will be largely confined to type A, rep- 
resenting 75 to 80% of all cases. It is the severe infantile 
form with extensive neurologic involvement, marked 
visceral accumulations of sphingomyelin, and progres- 
sive wasting and early death within the first three years 
of life. To provide a perspective on the differences 
between the variants of Niemann-Pick disease we need 
only point out that in type B, for example, patients have 
organomegaly but generally no central nervous system 
involvement. Type C resembles type A but the disease 
appears later in life, generally in the teens. Recent 
evidence points to genetic heterogeneity within this 
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group of disorders. For example, it is now established 


that clinical phenotypes A and C result from mutations 
involving two separate genes.** More details on the 
other clinical phenotypes can be found in specialized 
texts.*° 


In the classic infantile type A variant, the deficiency of 
sphingomyelinase is almost complete. Sphingomyelin is a 
ubiquitous component of cellular (including organellar) mem- 
branes, and so the enzyme deficiency blocks degradation 
of the normal turnover of the lipid, resulting in its progressive 
accumulation within secondary lysosomes, particularly within 
reticuloendothelial cells (Fig. 4-11). Affected cells become 
enlarged sometimes to 90 p in diameter, secondary to the 
distention of lysosomes with sphingomyelin and cholesterol. 
Innumerable small vacuoles of relatively uniform size are 
created, imparting a foaminess to the cytoplasm. In frozen 
sections of fresh tissue, the vacuoles stain for fat with Sudan 
black B and oil red O. The PAS reaction is variable but may 
be positive. Electron microscopy confirms that the vacuoles 
are engorged secondary lysosomes that often contain mem- 
branous cytoplasmic bodies (MCB) resembling concentric 
lamellated myelin figures. Sometimes the lysosomal config- 
urations take the form of parallel palisaded lamellae, creating 
so-called “zebra bodies.’*** Isolation and analysis of these 
cellular inclusions confirm that they principally contain sphin- 
gomyelin. 

The lipid-laden phagocytic foam cells are widely distrib- 
uted in the spleen, liver, lymph nodes, bone marrow, tonsils, 
gastrointestinal tract, and lungs. In addition, the hepatopar- 
enchymal cells are sometimes vacuolated, as well as 
Schwann cells in the peripheral nerves. The involvement of 
the spleen generally produces massive enlargement, some- 
times to ten times its normal weight, but the hepatomegaly 


Figure 4—11. Niemann-Pick disease in bone marrow. The marrow 
space is virtually filled with fairly regular lipophages. 


is usually not quite so striking. The lymph nodes are gen- 
erally moderately to markedly enlarged throughout the body. 
Often the color of these organs is paler than usual owing to 
the massive accumulations of sphingomyelin. 

Involvement of the brain and eye deserve special men- 
tion. The brain in advanced cases is generally decreased in 
weight and unusually firm. The gyri are shrunken and the 
sulci widened. Paradoxically, the cortex is somewhat softer 
than usual, while the underlying white matter is abnormally 
firm. Vacuolation and ballooning of neurons is the dominant 
histologic change, which in time leads to cell death and loss 
of brain substance.®* This neuronal involvement is diffuse 
throughout the cerebrum, cerebellum, brain stem, and spinal 
cord and extends to the ganglion cells in the peripheral 
plexuses as well. A retinal cherry-red spot similar to that 
seen in Tay-Sachs disease (p. 142) is present in about one- 
third to one-half of affected individuals. Its origin is similar 
to that described in Tay-Sachs disease, except that the 
accumulated metabolite is sphingomyelin. 


It is evident from the morphologic changes that 
these tragic infants are devastated by the accumulations 
of sphingomyelin and cholesterol. Clinical manifesta- 
tions may even be present at birth but almost certainly 
become evident by six months of life. The infants 
typically have a protuberant abdomen because of the 
hepatosplenomegaly. Accumulation of sphingomyelin 
and cholesterol in subcutaneous phagocytic cells may 
produce small skin xanthomas. Once the manifestations 
appear, they are followed by progressive failure to 
thrive, vomiting, fever, and generalized lymphadenop- 
athy as well as progressive deterioration of psychomotor 
function. Death comes as a release, usually within the 
first or second year of life. 

Although Niemann-Pick disease may be suspected 
in an infant with hepatosplenomegaly, mental retarda- 
tion, and foam cells in the bone marrow, biochemical 
analysis of affected cells to identify the specific accu- 
mulated metabolite and/or enzyme deficiency is neces- 
sary to establish the precise diagnosis. This is readily 
accomplished in biopsies of liver, spleen, or bone mar- 
row and in cultured fibroblasts. Affected individuals as 
well as heterozygous carriers can be recognized ante- 
natally by enzyme assays in cultured fibroblasts obtained 
by amniocentesis. 

GAUCHER’S DISEASE. This autosomal recessive dis- 
order is characterized by a deficiency of glucocerebro- 
sidase. As a result, glucocerebroside accumulates, prin- 
cipally in the reticuloendothelial cells of the body but 
sometime also in central nervous system neurons. In 
the normal individual, glucocerebrosides are continually 
formed from the catabolism of glycolipids derived mainly 
from the cell membranes of senescent leukocytes and 
erythrocytes. This pathway is the predominant source 
of glucocerebrosides that accumulate within the reticu- 
loendothelial cells; the accumulations in the neurons 
may in part be derived from the turnover of gangliosides 
in the nervous system, which is quite rapid in the 
neonatal period. Three clinical subtypes of Gaucher's 
disease have been distinguished. The classic form, called 
type I, is the adult type of Gaucher's disease, sometimes 
called the noncerebral form, in which the storage of 


glucocerebrosides is limited to the reticuloendothelial 
system throughout the body without involving the brain. 
Splenic, hepatic, and skeletal involvements dominate 
this pattern of the disease. It is found principally in 
Jews of European stock and accounts for at least 80% of 
all cases of Gaucher's disease. Patients with this disorder 
have reduced but detectable levels of glucocerebrosi- 
dase activity. Longevity is shortened but not markedly. 
The type II form of Gaucher's disease is the infantile 
acute cerebral pattern. This infantile disease has no 
predilection for Jews. In these patients there is virtually 
no detectable glucocerebrosidase activity in the tissues. 
Hepatosplenomegaly is also seen in this form of Gauch- 
ers disease, but the clinical picture is dominated by 
progressive central nervous system involvement, lead- 
ing to death at an early age. A third pattern, type III, 
is sometimes distinguished, intermediate between types 
I and II. These patients are usually juveniles, have the 
systemic involvement characteristic of type I, but have 
progressive central nervous system disease that usually 
begins in the second or third decade of life. The levels 
of glucocerebrosidase activity in this variant are inter- 
mediate between those found in types I and IJ. These 
specific patterns run within families, and so appear to 
be distinct entities, possibly resulting from different 
mutations of the affected gene. 


The glucocerebrosides accumulate in massive amounts 
within phagocytic cells throughout the body and sometimes 
in neurons. These distended reticuloendothelial cells, Known 
as Gaucher cells, are found in the spleen, liver, bone 
marrow, lymph nodes, tonsils, thymus, and Peyer’s patches. 
Similar cells may be present, both in the alveolar septa and 
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air spaces in the lung. In contrast to the lipid storage 
diseases already discussed, Gaucher cells rarely appear 
vacuolated but instead have a fibrillary type of cytoplasm 
likened to crumpled tissue paper (Fig. 4-12). Gaucher cells 
are often enlarged, sometimes up to 100 pm in diameter, 
and have one or more dark, eccentrically placed nuclei.® 
PAS staining is usually intensely positive. Under the EM, the 
fibrillary cytoplasm can be resolved as elongated, distended 
lysosomes, containing the stored lipid in stacks of bilayers.* 

The accumulation of Gaucher cells produces a variety 
of gross anatomic changes. The spleen is enlarged in the 
adult form of the disease, sometimes up to 10 kilos. It too 
may appear uniformly pale or have a mottled surface owing 
to focal accumulations of Gaucher cells. The lymphadenop- 
athy is mild to moderate and is bodywide. The accumulations 
of Gaucher cells in the bone marrow may produce small 
focal areas of bony erosion or large, soft, gray tumorous 
masses that cause skeletal deformities or destroy sufficient 
bone to give rise to fractures. Occasionally, aggregates of 
distended phagocytes are found in the lungs and other 
organs, particularly the endocrine glands. In patients with 
cerebral involvement, Gaucher cells are seen in the Virchow- 
Robin spaces, and arterioles are surrounded by swollen 
adventitial cells. Neurons appear shriveled and are progres- 
sively destroyed. 
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The clinical course of Gaucher's disease depends 
on the clinical subtype. In the type I pattern, symptoms 
and signs first appear in adult life secondary to spleno- 
megaly or hepatomegaly. Bone marrow involvement 
may produce skeletal pain or disturbed motor function. 
Anemia, leukopenia, and thrombocytopenia (often with 
a hemorrhagic diathesis) reflect either marrow involve- 
ment or are the consequence of a hypersplenic syn- 
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Figure 4—12. Gaucher's disease involving the spleen. The entire field is made up of lipid-laden cells 
of varying size with sharp cell boundaries, abundant granular cytoplasm, and small eccentric nuclei. 
Inset shows Gaucher cells at higher magnification. (Courtesy of Dr. Joe Rutledge, Southwestern 


Medical School, Dallas, Texas.) 
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drome. Although the disease is progressive in the adult, 
it is compatible with long life. In types II and _ III, 
central nervous system dysfunction, convulsions, and 
progressive mental deterioration dominate, although 
organs such as the liver, spleen, and lymph nodes are 
also affected. 

The diagnosis of homozygotes and the detection of 
heterozygous carriers can be made through measure- 
ment of glucocerebrosidase activity in peripheral blood 
leukocytes or in extracts of cultured skin fibroblasts. 
Biochemical analysis of the stored glycolipid may also 
be used as a diagnostic test. Prenatal diagnosis is also 
possible using cultured fetal fibroblasts. 

Great excitement has attended the discovery that 
infusion of human placental glucocerebrosidase into 
some patients with type I Gaucher's disease resulted in 
definite mobilization of stored metabolite from the liver, 
with some improvement in the clinical condition of the 
patient.°*° Although these therapeutic efforts are too 
recent for full evaluation, they offer the first ray of hope 
in what heretofore has been a bleak outlook. 

MUCOPOLYSACCHARIDOSES (MPS). The muco- 
polysaccharidoses are another form of lysosomal storage 
disease. They make up a group of closely related syn- 
dromes that result from genetically determined defi- 
ciencies of specific lysosomal enzymes involved in the 
degradation of mucopolysaccharides (glycosaminogly- 
cans). The mucopolysaccharides that accumulate in the 
MPS are dermatan sulfate, heparan sulfate, keratan 
sulfate, and chondroitin sulfate.” The enzymes involved 
in each of the MPS cleave terminal sugars from the 
polysaccharide chains disposed along a polypeptide or 
“core protein. When there is a block in the removal of 
a terminal sugar, the remainder of the polysaccharide 
chain is not further degraded, and thus these chains 
accumulate within lysosomes in various tissues and 
organs of the body. Severe somatic and neurologic 
changes result. 

Several clinical variants of MPS, classified numer- 
ically from MPS I to MPS VII, have been described, 
each resulting from the deficiency of one specific en- 
zyme. All the MPS except one are inherited as autoso- 
mal recessives; one variant, called Hunter syndrome, is 
an X-linked recessive (Table 4-7). Within a given group 
(e.g., MPS I, characterized by a deficiency of a-L- 
iduronidase) subgroups exist that result from different 
mutant alleles at the same genetic locus. Thus, the 
severity of enzyme deficiency and the clinical picture 
even within subgroups is often different. 

In general, the MPS are progressive disorders, 
characterized by involvement of multiple organs, in- 
cluding liver, spleen, heart, and blood vessels. Most 
are associated with coarse facial features, clouding of 
the cornea, joint stiffmess, and mental retardation. Uri- 
nary excretion of the accumulated mucopolysaccharides 
is often increased. 


The accumulated mucopolysaccharides are generally 
found in reticuloendothelial cells, endothelial cells, intimal 
smooth muscle cells, and fibroblasts throughout the body. 
Common sites of involvement are thus the spleen, liver, 


bone marrow, lymph nodes, and blood vessels and also the 
heart. 

Microscopically, affected cells are distended and have 
apparent clearing of the cytoplasm to create so-called “bal- 
loon cells.” The cleared cytoplasm can be resolved as 
numerous minute vacuoles which, under the electron micro- 
scope, can be visualized as swollen lysosomes filled with a 
finely granular PAS-positive material that can be identified 
biochemically as mucopolysaccharide.® Similar lysosomal 
changes are found in the neurons of those syndromes 
characterized by central nervous system involvement. In 
addition, however, some of the lysosomes in neurons are 
replaced by lamellated zebra bodies similar to those seen 
in Tay-Sachs disease. These peculiar intracellular inclusions 
are seen most often in Hurler’s syndrome and the more 
severe forms of the Sanfilippo syndrome.** Hepatospleno- 
megaly, skeletal deformities, valvular lesions, and suben- 
dothelial arterial deposits, particularly in the coronary arteries 
and lesions in the brain, are common threads that run 
through all the MPS. In many of the more protracted syn- 
dromes, coronary subendothelial lesions lead to myocardial 
ischemia. Thus, myocardial infarction and cardiac decom- 
pensation are common causes of death. 


Some data relating to clinical manifestations and 
life expectancy are provided in Table 4-7. Further 
details can be found in a recent review.© With these 
syndromes, biochemical identification of the accumu- 
lated metabolite and/or specific enzyme deficiency is 
necessary to differentiate one syndrome unmistakably 
from the others. Prenatal diagnosis is now possible. 
Hope runs high that replacement enzyme therapy may 
be of benefit in these disorders. 


Glycogen Storage Diseases 


A number of genetic syndromes have been identi- 
fied that result from some metabolic defect in the 
synthesis or catabolism of glycogen. The best understood 
and most important category includes the glycogen 
storage diseases resulting from a hereditary deficiency 
of one of the enzymes involved in the synthesis or 
sequential degradation of glycogen. Depending on the 
tissue or organ distribution of the specific enzyme in 
the normal state, glycogen storage in these disorders 
may be limited to a few tissues, be more widespread 
while not affecting all tissues, or be systemic in distri- 
bution. 

On the basis of the specific enzyme deficiency and 
resultant pattern of glycogen accumulation, eight syn- 
dromes have been differentiated, some of which are 
being further subdivided (Table 4-8). Most are inherited 
as autosomal recessive conditions. One of the variants, 
the liver phosphorylase deficiency syndrome, is also X- 
linked. The individual entities differ in their clinical 
severity. Type II associated with lysosomal glucosidase 
deficiency is devastating; most infants die at an early 
age. The same is true of the branching enzyme defi- 
ciency. On the other hand, the variants characterized 
by a deficiency of liver or muscle phosphorylase and the 
debranching enzyme variant are relatively mild condi- 
tions compatible with long survival. 

The significance of a specific enzyme deficiency is 


best understood from the perspective of the normal 
metabolism of glycogen (Fig. 4-13). As is well known, 
glycogen is a storage form of glucose. Glycogen synthesis 
begins with the conversion of glucose to glucose-6- 
phosphate by the action of a hexokinase (glucokinase). 
A phosphoglucomutase then transforms the glucose-6- 
phosphate to glucose-l-phosphate, which in turn is 
converted to uridine disphosphoglucose. A_ highly 
branched, very large polymer is then built up (molecular 
weight up to 100,000,000), containing up to 10,000 
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**Phosphorylase (V,VI) 


Limit dextrin 
(4 glucose residues in 
branched configuration) 
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Phosphoglucomutase 
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glucose molecules linked together by alpha-1,4-gluco- 
side bonds. The central spine gives off many branches 
joined by alpha-1,6-glucoside linkages requiring 
brancher enzymes. The glycogen chain and branches 
continue to be elongated by the addition of glucose 
molecules mediated by glycogen synthetases. During 
degradation the phosphorylases split glucose-1-phos- 
phate from the glycogen until about four glucose resi- 
dues remain on each branch, leaving a branched oligo- 
saccharide called limit dextrin. This can be further 


Lysosomal degradation 


Branching enzyme” (IV) 
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Figure 4—13. Pathways of glycogen metabolism. Asterisks mark the enzyme deficiencies associated 
with glycogen storage diseases. Roman numerals indicate the type of glycogen storage disease 
associated with the given enzyme deficiency. Types V and VI result from deficiencies of muscle and 
liver phosphorylases, respectively. (After Howell, R. R., and Williams, J. C.: The glycogen storage 
disease. /n Stanbury, J. B., et al. [eds.]: Metabolic Basis of Inherited Diseases. 5th Ed. New York, 


McGraw-Hill Book Co., 1982, p. 144.) 
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degraded only by the debranching enzyme. In addition 
to these major pathways, glycogen is also degraded in 
the lysosomes by acid maltase. If the lysosomes are 
deficient in this enzyme, the glycogen contained within 
them is not accessible to degradation by cytoplasmic 
enzymes such as phosphorylases. The principal features 
of the glycogenoses are summarized in Table 4-8. 


SEX-LINKED (X-LINKED) DISORDERS 


All sex-linked disorders are X-linked, almost all X- 
linked recessive. The only gene assigned with certainty 
to the Y chromosome is the determinant for testes (H- 
Y antigen, p. 133); although a few additional phenotypic 
characteristics have tentatively been assigned to the Y 
chromosome, none has been proved to be Y chromo- 
some-related. 

X-linked recessive inheritance accounts for a small 
number of well-defined clinical conditions. The Y chro- 
mosome, for the most part, is not homologous to the X, 
and so mutant genes on the X are not paired with alleles 
on the Y. Thus, the male is said to be hemizygous for 
X-linked mutant genes, so these disorders are expressed 
in the male. The heterozygous female will usually not 
express the full phenotypic change because of the paired 
normal allele. However, because of inactivation of one 
of the X chromosomes in the female, it is remotely 
possible for the normal allele to be inactivated in all 
cells, permitting full expression of heterozygous X- 
linked conditions in the female. Much more commonly, 
the normal allele is inactivated in only some of the cells, 
and thus the heterozygous female partially expresses 
the disorder. An illustrative condition is glucose-6- 
phosphate dehydrogenase (G6PD) deficiency. Trans- 
mitted on the X chromosome, this enzyme deficiency, 
which predisposes to red cell hemolysis in patients 
receiving certain types of drugs (p. 617), is principally 
expressed in males. In the female a proportion of the 
red cells may be derived from marrow cells with inac- 
tivation of the normal allele. Such red cells are at the 
same risk of undergoing hemolysis as the red cells in 
the hemizygous male. Thus, the female is not simply a 
carrier of this trait but is also susceptible to drug- 
induced hemolytic reactions. However, since the pro- 
portion of defective red cells in heterozygous females 
depends on the random inactivation of one of the X 
chromosomes, the severity of the hemolytic reaction is 
almost always less in heterozygous women than in 
hemizygous men. In this context, the following princi- 
ples govern X-linked recessive inheritance of mutant 
genes: 

I. The phenotypic change almost always appears 
in males whose mothers are generally unaffected het- 
erozygous carriers. 

2. Each son of a carrier female has a 1 in 2 chance 
of being affected. 

3. Affected males cannot transmit the mutant 
genes to their sons but do transmit it to all their 


daughters, who will almost always be unaffected het- 
erozygous carriers. 

4. Unaffected males never transmit the gene. 

5. Full phenotypic expression of the condition is 
possible in the rare homozygous female who has a 
carrier or homozygous affected mother and affected 
father. 

A distinction should be made between sex-linked 
disorders and sex-limited diseases. The latter are auto- 
somally transmitted but expressed in one sex for phys- 
iologic, rather than genetic, reasons. For example, 
certain patterns of baldness are inherited as autosomal 
dominant, but affect only males. In such cases, father- 
to-son transmission rules out X-linkage. 

There are only a few X-linked dominant conditions. 
These disorders are transmitted by an affected hetero- 
zygous female to half her sons and half her daughters, 
and by an affected male parent to all his daughters but 
none of his sons, if the female parent is unaffected. 
Most of the X-linked conditions have been covered 
elsewhere, as the following list indicates. 

agammaglobulinemia (Bruton’s disease)—an im- 

munodeficiency state (p. 205) 
diabetes insipidus—a pituitary disorder (p. 1200) 
glucose-6-phosphate dehydrogenase deficiency— 
involving red cells (p. 617) 

hemophilia A—a bleeding diathesis (p. 648) 

hemophilia B—a bleeding diathesis (p. 649) 

ichthyosis—a dermatologic condition 

Lesch-Nyhan syndrome (p. 1358) 

mucopolysaccharidosis II (Hunter's syndrome)—a 

lysosomal storage disease (p. 150) 
muscular dystrophy—certain forms (p. 1308) 
Wiskott-Aldrich syndrome—an immunodeficiency 
state (p. 208) 


Fabry’s Disease 


Fabry’s disease is also known by the imposing 
appellation angiokeratoma corporis diffusum universale. 
The angiokeratoma consists of a dermal cavernous he- 
mangioma with overlying hyperkeratotic thickening of 
the epidermis. These lesions present clinically as red- 
blue, slightly elevated nodules, rarely over 1 cm in 
diameter. Fabry’s disease belongs to the category of 
lysosomal storage diseases already discussed. Unlike the 
other variants, Fabry’s disease is transmitted on the X 
chromosome. Underlying this disorder is a genetic error 
in the metabolism of the glycosphingolipid ceramide 
trihexoside, resulting in its systemic accumulation in 
endothelial, pericytic, and smooth muscle cells of blood 
vessels; in ganglion cells; in perineural cells of the 
autonomic nervous system; in reticuloendothelial, myo- 
cardial, and connective tissue cells; in epithelial cells of 
the cornea; and most dramatically in the kidney glo- 
meruli and tubules. The deficient lysosomal enzyme has 
been identified as trihexosylceramide a-galactosidase 
(Fig. 4-9). The storage product imparts a foaminess to 
the affected cells which, on higher resolution, can be 
resolved as lamellated whorls reminiscent of myelin 


VI 


Vil 


Vill 


Type and Frequency 


Hepatorenal— von 
Gierke’s disease 


~ 1 per 100,000 


Generalized 
glycogenosis— 
Pompe’s disease 


~ 1 per 100,000 


Cori’s disease 


~ 1 per 100,000 


Brancher glycogenosis 


1 per 500,000 


McArdle’s syndrome 


1 per 500,000 


Hers’ disease 


1 per 200,000 


Tarui’s disease 


1 per 500,000 


1 per 100,000 


Table 4-8. PRINCIPAL FEATURES OF GLYCOGENOSES 


Enzyme Deficiency 
Glucose-6-phosphatase 


Lysosomal glucosidase 
(acid maltase) 


Amylo-1,6-glucosidase 
(debrancher enzyme) 


Amylo-1,4:1,6- 
transglucosidase 
(brancher enzyme) 


Muscle phosphorylase 


Liver phosphorylase 


Muscle 
phosphofructokinase 


Deficient activity of 
phosphorylase kinase 


Morphologic Changes 


Hepatomegaly— intracytoplasmic 
accumulations of glycogen and 
small amounts of lipid; 
intranuclear glycogen. 

Renomegaly— intracytoplasmic 
accumulations of glycogen in 
cortical tubular epithelial cells. 


Mild hepatomegaly—ballooning 
of lysosomes with glycogen 
creating lacy cytoplasmic 
pattern. 

Cardiomegaly—glycogen within 
sarcoplasm as well as 
membrane bound. 

Skeletal muscle—similar to 
heart. 


Mild-to-marked hepatomegaly— 
cells similar to type I. 

Mild-to-moderate cardiomegaly— 
cells similar to type II. 

Skeletal muscle—similar to type 
HI. 


Accumulation of abnormal 
glycogen (amylopectin) in liver 
cells, cardiac and skeletal 
muscle, and brain; 
intracytoplasmic accumulations 
of a hyaline, fibrillar, PAS- 
positive .material that is 
diastase resistant. In time, 
development of cirrhosis of 
liver. 


- Skeletal muscle only— 


accumulations of glycogen 
predominantly in 
subsarcolemmail location 


Only hepatomegaly—scattered 
cytoplasmic vacuoles, 
occasionally lipid vacuoles; no 
intranuclear glycogen. 


Only skeletal muscle and 
erythrocytes studied— 
subsarcoplasmic glycogen 
similar to that in type V. 


Hepatomegaly—similar to type 
Vi. 
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Clinical Features 


Failure to thrive, stunted growth, 
hepatomegaly and 
renomegaly. Hypoglycemia 
due to failure of glucose 
mobilization, often leading to 
convulsions. Hyperlipidemia 
and hyperuricemia resulting 
from deranged glucose 
metabolism; many patients 
develop gout and skin 
xanthomas. Bleeding tendency 
due to platelet dysfunction. 
Mortality approximately 50%. 


Massive cardiomegaly, muscle 
hypotonia, and 
cardiorespiratory failure within 
2 years. A milder adult form 
with only skeletal muscle 
involvement presenting with 
chronic myopathy. 


Similar to type | but usually 
milder. Compatible with normal 
longevity. 


Hepatomegaly, splenomegaly, 
ascites, and liver failure. Lethal 
within 2 years. 


Painful cramps associated with 
strenuous exercise. 
Myoglobinuria occurs in 50% 
of cases. Onset in adulthood 
(>20 years). Muscular 
exercise fails to raise lactate 
level in venous blood. 
Compatible with normal 
longevity. 


Hepatomegaly. Mild clinical 
course. 


Similar to type V. 


X-linked recessive. 
Hepatomegaly and mild clinical 
course. 
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figures.®*' In adolescence and young adult life, skin 
lesions (angiokeratomas) and central nervous system 
symptoms dominate the presentation of this disease, 
but most patients die in middle life of progressive renal 
failure due to the kidney involvement. 


Fragile X-Syndrome 


An X-linked pattern of mental retardation has been 
seen in many kindreds with familial mental retardation. 
As in the case of other X-linked disorders, males are 
affected and the carrier females are unaffected or mini- 
mally affected. In recent years, a subdivision of this 
disorder became diagnosable cytogenetically by the 
identification of a fragile site on the long arm of X 
chromosome.™ This is now thought to be a frequent 
cause of retardation in males. The fragile site is usually 
seen as discontinuity of staining (Fig. 4-14) in an un- 
banded karyotype. It should be pointed out that such 
fragile sites have also been found on several autosomes 
without any obvious associated clinical disorder. Dem- 
onstration of the fragile sites requires culture of cells in 
folic acid deficient media and is not yet a routine 
diagnostic tool. 


DISORDERS WITH MULTIFACTORIAL 
INHERITANCE 


As pointed out earlier, the multifactorial disorders 
are believed to result from the combined actions of 
environmental influences and two or more mutant genes 
having additive effects. The genetic component, then, 
exerts a dosage effect—the greater the number of in- 
herited deleterious genes, the more severe the expres- 
sion of the disease. Because environmental factors sig- 
nificantly influence the expression of these genetic 
disorders, the term polygenic inheritance is misleading. 


Figure 4-14. Fragile X, seen as discontinuity of staining. (Courtesy 
of Dr. Patricia Howard-Peebles, Southwestern Medical School, 
Dallas, Texas.) 


A number of normal phenotypic characteristics are 
governed by multifactorial inheritance, such as hair 
color, eye color, skin color, height, and intelligence. 
These characteristics exhibit a continuous variation in 
population groups, producing the standard bell-shaped 
curve of distribution. However, environmental influ- 
ences significantly modify the phenotypic expression of 
multifactorial traits. For example, certain subsets of 
diabetes mellitus have many of the features of a multi- 
factorial disorder. It is well recognized clinically that 
individuals often first manifest this disease following 
weight gain. Thus, obesity as well as other environmen- 
tal influences unmasks the diabetic genetic trait. Nutri- 
tional influences may cause even monozygous twins to 
achieve different heights. The culturally deprived child 
cannot achieve his or her full intellectual capacity. 

The following features characterize multifactorial 
inheritance. These have been established for the mul- 
tifactorial inheritance of congenital malformations and, 
in all likelihood, obtain for other multifactorial dis- 
eases.” 

1. The risk of expressing a multifactorial disorder 
is conditioned by the number of mutant genes inherited. 
Thus, the risk is greater in sibs of patients having severe 
expressions of the disorder. 

2. Environmental influences significantly modify 
the risk of expressing the disease. 

3. The rate of recurrence of the disorder (in the 
range of 2 to 7%) is the same for all first-degree 
relatives, i.e., parents, sibs, and offspring, of the af- 
fected individual. Thus, if parents have had one affected 
child, the risk that the next child will be affected is 
between 2 and 7%. Similarly, there is the same chance 
that one of the parents will be affected. 

4. The likelihood that both identical twins will be 
affected is significantly less than 100%, but is much 
greater than the chance that both nonidentical twins 
will be affected. Experience has proved, for example, 
that the frequency of concordance for identical twins is 
in the range of 20 to 40%. 

5. The risk of recurrence of the phenotypic ab- 
normality in subsequent pregnancies depends on the 
outcome in previous pregnancies. When one child is 
affected there is a 2 to 7% chance that the next child 
will be affected, but after two affected sibs the risk rises 
to about 9%. 

6. Severity of expression of the disease may range 
along a bell-shaped curve or may be discontinuous. 
Despite the polygenic mode of inheritance, a threshold 
may exist beyond which individuals are at risk. Thus, 
for some multifactorial disorders it appears that inher- 
itance of a certain number of mutant genes is required 
before the disorder is expressed. As stated before, 
however, environmental influences still play a role. 

Assigning a disease to this mode of inheritance 
must be done with caution. It depends on many factors, 
but first of all on familial clustering and the exclusion of 
mendelian and chromosomal modes of transmission. A 
range of levels of severity of a disease is suggestive of 
multifactorial inheritance but, as pointed out earlier, 


variable expressivity and reduced penetrance of men- 
delian mutant genes may also account for this phenom- 
enon. Because of these difficulties there is often dis- 
agreement as to whether the pedigree conforms to a 
mendelian or multifactorial pattern, as is the case, for 
example, with diabetes mellitus and epilepsy. The prob- 
lem is well put in the statement: “multifactorial inheri- 
tance is a geneticist’s nightmare. ” 

In contrast to the mendelian disorders, which must 
be considered uncommon, the multifactorial group in- 
cludes some of the most common ailments to which 
humans are heirs. Among newborns and infants, the 
following multifactorial disorders are considered else- 
where: 

anencephaly—a neurologic malformation (p. 1425) 

cleft lip with or without cleft palate (p. 785) 

congenital heart disease, several forms of (p. 585) 

pyloric stenosis (p. 808) 

spina bifida, many types of (p. 1427) 

In adults the following conditions are believed to have 
multifactorial origins: 

diabetes mellitus (possibly certain subsets) (p. 975) 

epilepsy 

gout, in some cases (p. 1356) 

Hirschsprung’s disease (possibly) (p. 855) 

hypertension (p. 1041) 

As our awareness of the subtle, and sometimes not 
so subtle, impact of the genotype on the expression of 
many diseases increases, the future roster of multifac- 
torial disorders will undoubtedly be larger. 


DISORDERS WITH VARIABLE GENETIC 
BACKGROUNDS 


To this category belong those conditions associated 
with a variety of genotypic aberrations. 


CONGENITAL MALFORMATIONS 


Congenital malformations are structural abnormal- 
ities that are extremely common causes of spontaneous 
abortion, stillbirth, and pediatric disease. About 2% of 
newborns have such malformations.© Since they have 
greatest clinical impact in postnatal life and infancy, 
they are considered in greater detail on page 479. You 
should note that the term congenital means “born with.” 
Only some of the congenital anomalies are genetic in 
origin and have variable modes of transmission, includ- 
ing (1) cytogenetic aberrations, (2) mendelian inheri- 
tance, and (3) multifactorial inheritance. Some are due 
to environmental influences such as fetal exposure to 
teratogenic drugs or viral infections during pregnancy. 
The well-known case of thalidomide toxicity is an ex- 
ample of a gestational teratogen. Infants born of mothers 
who had taken this drug during pregnancy have con- 
genital malformations (seal limbs) that are not of genetic 
origin. Similarly, several viral infections, rubella being 
the best known, induce fetal malformations. Moreover, 
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Disorders with Variable Genetic Backgrounds 


many congenital malformations are of completely ob- 
scure origin. 

It is important to identify the genotypic aberrations 
underlying those malformations of genetic origin. Those 
involving cytogenetic aberrations are often sporadic, 
owing to errors in gametogenesis. For example, Kline- 
felter's syndrome (47,XXY) and Turner's syndrome 
(45,X) are both characterized by structural anomalies, 
but neither of these conditions is familial, so that the 
risk of recurrence in subsequent pregnancies is consid- 
erably less than in the case with the mendelian and 
multifactorial modes of inheritance. It is also important 
to point out that multiple malformations often occur in 
consistent patterns to create syndromes. Some syn- 
dromes having different modes of transmission resemble 
each other closely. Thus, it is possible to confuse one 
related to a sporadic chromosomal anomaly with another 
having mendelian origins. The significance of such a 
misinterpretation in genetic counseling is obvious, since 
the mendelian disorder might well be autosomal domi- 
nant and carry a 50% risk for subsequent offspring. 


EHLERS-DANLOS SYNDROMES (EDS) 


Contortionists must have or should have one of the 
EDS. Basic to all the variants is some defect in connec- 
tive tissue, more specifically collagen, leading to hyper- 
elasticity and fragility of the skin accompanied by strik- 
ing loose-jointedness. The hyperelasticity of the skin 
and loose-jointedness permit grotesque contortions, 
such as bending the thumb backward to touch the 
forearm and bending the knee forward to create almost 
a right angle. However, a predisposition to joint dislo- 
cation is one of the prices paid for this virtuosity. The 
skin is extraordinarily stretchable, but in younger indi- 
viduals it appears to have normal elasticity, returning 
to its normal position promptly on release. Later the 
elasticity is lost, and the skin becomes saggy and hangs 
in folds and wrinkles. It is extremely fragile and vulner- 
able to trauma. Minor injuries produce gaping defects, 
and surgical repair or any surgical intervention is accom- 
plished with great difficulty because of the lack of normal 
tensile strength. The basic defect in connective tissue 
may lead to internal complications, such as diaphrag- 
matic hernia; spontaneous rupture of the intestine; and 
rupture of arteries, including dissecting aneurysms of 
the aorta. 

Eight distinctive variants of the EDS have been 
identified. All are characterized by some abnormality in 
collagen synthesis or fibrogenesis. The distinctive clin- 
ical and genetic features of these are summarized in 
Table 4-9. Further details can be found in recent 
reviews.* 


NEOPLASIA 


Cancer and genotype are intimately related on a 
variety of levels. There is a strong possibility that some 
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Table 4-9. THE EHLERS-DANLOS SYNDROME* 


Clinical Features 
Skin 


Other Features 


Type and 
Inheritance Basic Defect Joints 
Autosomal 
Dominant Forms 
EDS | Unknown. Collagen fibers Hypermobility, 


of increased diameter and 
irregular shape identified 
in some cases 


dislocations, and early 
onset osteoarthritis 


Hyperextensible, 
fragile, bruisable with 
thin “cigarette paper” 
scars 


Minimal involvement, 
slight tendency to 
bruising but no 
scarring 


Insignificant 
involvement 


Moderate fragility with 
scarring, mild 
hyperextensibility, and 
bruising 


Pale, thin skin; no 
hyperextensibility but 
easy bruisability, with 
ecchymoses after 
minor trauma; no delay 
in wound healing 


Thin, pale, 
hyperextensible, and 
fragile 


Moderately 
hyperextensible and 
bruisable 


Premature rupture of 
fetal membranes; 
tearing out of sutures 
and poor wound 
healing 


All features much 
milder than type | 


Severe periodontitis 
with alveolar bone 
resorption 


Rupture of bowels and 
great vessels due to 
weakness of wall 


Ocular fragility with 
rupture of cornea, and 
sclerae and retinal 
detachment 


EDS Il Unknown Extensibility only 
slightly increased and 
may be localized to 
hands and feet 

EDS Ill Unknown Severe generalized 
hyperextensibility 

EDS VIII Unknown Mild hypermobility 

Autosomal 
Recessive 
Forms 

EDS IV Defective synthesis of Mild involvement or 

(Autosomal type Ill collagen, normal. 

dominant also especially in tissues 

reported) containing smooth 

muscles, e.g., blood 
vessels 

EDS VI Deficiency of enzyme lysy! Moderate 

hydroxylase leading to hyperextensibility, 
reduced formation of severe kyphoscoliosis 
hydroxylysine, which in 
turn leads to deficiency in 
hydroxylysine-derived 
cross-links 
EDS VII Deficiency of enzyme Severe 
procollagen-N-peptidase; hyperextensibility; short 
persistence of N-terminal stature, dislocation of 
peptides in procollagen joints common 
impairs aggregation of 
collagen fibers 
X-linked 
Recessive Form 
EDS V Possible deficiency of the Minimal hypermobility 


cross-linking enzyme lysy| 
oxidase 


Markedly 
hyperextensible; 
moderate increase in 
bruisability and fragility 


Floppy mitral valve 


“Modified from Krieg, T., et al.: Molecular defects in collagen metabolism in the Ehlers-Danlos syndrome. Int. J. Dermatol. 20:415, 
1981; and Minor, R. R.: Collagen metabolism: A comparison of diseases of collagen and diseases affecting collagen. Am. J. Pathol. 


98:225, 1980. 


alteration of the genetic code—namely, one or more 
mutations—initiates the formation of malignant neo- 
plasms, as discussed on page 248. Well documented is 
the fact that certain inherited genotypes predispose to 
the development of cancers (p. 263). For example, 
inheritance of a specific autosomal dominant mutation 
clearly predisposes to the development of retinoblasto- 
mas. At yet another level are the cytogenetic abnor- 
malities observed in cancer cells. Both numerical and 
structural alterations in chromosomes have been ob- 
served in cancer cells in vitro as well as in the cells of 


malignant neoplasms of both animals and man. These 
and the questions raised about their pathogenetic sig- 
nificance are discussed on pages 23] and 677. There is 
still another level where the genome and cancer inter- 
relate, namely, the chromosomal breakage syndromes 
predisposing to both mutations and cancers. Four au- 
tosomal recessive diseases—Fanconi's anemia, Bloom's 
syndrome, ataxia telangiectasia, and xeroderma pigmen- 
tosum—are characterized by an increased susceptibility 
to various forms of neoplasia. The fundamental defect 
in all four of these conditions may be an inability to 


repair DNA mutations acquired during life, thus in- 
creasing the risk of developing cancer (p. 241). 


So we come to the end of this chapter, but by no 


means the end of the role of genetics in the diseases of 
man. Additional instances appear throughout this book. 
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The immune response is an exquisitely specific yet 
highly versatile two-edged sword. Although it is vital 
for survival in the often hostile microbiologic environ- 
ment, an immune reaction may cause fatal disease, as 
in the case of an overwhelming hypersensitivity reaction 
to the sting of a bee. Indeed, a host of disorders affecting 
all organ systems are clearly attributable to immunologic 
reactions to exogenous agents or to the abnormal emer- 
gence of immunity against one’s own tissues and cells. 
This chapter will review some fundamentals of the 
immune system and consider the role of this system in 
the production of disease. 


BASIC IMMUNOLOGY 


GENERAL FEATURES OF THE IMMUNE 
SYSTEM 


The immune response comprises all the phenomena 
that result from the specific interaction of cells of the 
immune system with antigens. Entrance of an antigen 
into the body can have two possible outcomes: (1) a 
humoral immune response, involving the synthesis and 
release of antibody molecules within the blood and 
extracellular fluids; or (2) cell-mediated immunity, man- 
ifested by production of “sensitized” lymphocytes ca- 
pable of interacting with the antigen by means of special 
structures on the cell surface (receptors). In the first 
type of reaction, the humoral antibodies can combine 
with antigens such as bacterial toxins and cause neu- 
tralization of the toxin, or they can coat the antigenic 
surfaces of microorganisms and render them susceptible 
to lysis by complement or to phagocytosis by macro- 
phages. In the second type of reaction, the sensitized 
cells are responsible for such actions as rejection of 
foreign tissue grafts and resistance against many intra- 
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cellular microbes, e.g., viruses, fungi, and some bacte- 
rla. 

The principal cellular component in both types of 
reactions is the lymphocyte. Thus, lymphoid tissues of 
the body, including the thymus, lymph nodes, spleen, 
bone marrow, and circulating lymphocytes, are the 
essential structural components of the immune re- 
sponse. The two major types of lymphocytes involved 
in the immune response are bursa-dependent lympho- 
cytes (B cells) and thymus-dependent lymphocytes (T 
cells). These two lymphocyte classes differ in their 
ontogeny and in the functions that they perform. B 
lymphocytes are the progenitors of plasma cells that 
secrete antibodies, while T lymphocytes are the media- 
tors of cell-mediated immunity. Macrophages also con- 
stitute an essential part of the immune apparatus. Al- 
though they do not produce antibodies or give rise to 
sensitized cells themselves, they play an important role 
in the induction of most immune responses and in the 
expression of the cell-mediated immune _ response. 
These and other cellular components of the immune 
response are briefly described below, to be followed by 
a brief description of the HLA complex, since it is 
relevant to several immunologically mediated diseases 
and to rejection of transplants. 


T Lymphocytes 


Like B lymphocytes, T lymphocytes are present in 
the peripheral lymphoid tissues as well as in circulating 
blood. In contrast to B cells, they are found mainly in 
the area between the follicles and in the deep cortex of 
the lymph nodes, and mainly in the periarteriolar sheaths 
of the spleen. In the peripheral blood they constitute 
70 to 80% of all lymphocytes. T lymphocytes are long- 
lived, and they form a large, recirculating pool of cells. 
Their functions can be divided into two broad categories: 

1. Cellular immune reactions. These include sev- 
eral phenomena in which T cells play a pivotal role. 
Examples are delayed hypersensitivity reactions, resis- 
tance against infection by certain bacteria and viruses, 


rejection of solid organ transplants, and possibly resis- 
tance against tumors. 

2. Regulatory functions. T cells perform important 
functions in modulating the immune response mediated 
by other T cells and B cells. This regulatory function 
can be expressed as facilitation or suppression of an 
immune response. Accordingly, T-helper cells provide 
“help” to B cells and other T cells to respond optimally 
in response to certain antigens, while T-suppressor cells 
can suppress the immune response. More recently, 
inducer T cells that serve to induce the helper or 
suppressor cells have also been described. 

In view of these multiple T-cell functions, one 
might ask whether they are all carried out by a single 
set of T cells, or whether there are several subpopula- 
tions among T cells, each capable of mediating only 
certain functions. The answers to these questions have 
been provided by studies of the Lyt antigen system in 
mice and by the development of monoclonal anti-T cell 
antibodies in humans. Monoclonal antibodies are se- 
creted by clones of hybridoma cells derived by the 
fusion of a B cell producing the desired antibody and a 
mouse myeloma cell. Because one of the fusion partners 
(myeloma cell) is cancerous, the hybrid is virtually 
immortal and its progeny continue to secrete antibodies 
identical in specificity to that produced by the sensitized 
parent B cell. 

The two most widely used groups of anti-T mono- 
clonal antibodies are referred to as OKT and Leu.’ ? By 
utilizing these it has been possible to delineate several 
functionally distinct subpopulations of human T cells, 
and to identify distinct stages in T cell differentiation. 
Antibodies, designated OKT1 (Leu-1), OKT3 (Leu-4), 
and OKT11 (Leu-5) react with virtually all the T cells 
in the peripheral blood; therefore, the antigens corre- 
sponding to these antibodies (designated similarly 
OKT1, OKT3, and OKT11) can be considered common 
markers of all mature T cells. Among these mature T 
cells, OKT4 (Leu-3) is expressed in 60% (i.e., 60% are 
OKT1"*, 3*, 11*, and T4*), whereas 30% of the periph- 
eral T cells express OKT8. Most of the latter also express 
OKT5 antigen. The OKT4* and OKT8*/5* cells are 
non-overlapping; more important, they express distinct 
functional properties. The OKT4* cells have been de- 
fined as the helper/inducer subset, since they serve as 
helpers in antibody synthesis and generation of cytotoxic 
T cells. On the other hand, OKT8*/5* cells include 
cytotoxic T cells and suppressor T cells. The ratio of 
OKT4/OKTS cells in the peripheral blood is approxi- 
mately 2;' this may be altered in various disease states, 
as discussed later in this chapter. Within the human 
thymus, several stages of T cell differentiation have 
been recognized by the use of monoclonal anti-T cell 
antibodies. Over 90% of the thymocytes express OKT10, 
whereas this antigen is not expressed on mature post- 
thymic T cells.? In severe combined immunodeficiency, 
a disorder characterized by defective maturation of T 
cells (p. 207), OKT10 cells immunologically not com- 
petent may be found in the peripheral blood. 

In summary, monoclonal anti-T cell antibodies have 
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not only been of help in a better understanding of T- 
cell physiology but also aided considerably in defining 
the aberrations associated with various disorders of the 
immune system. Many:such applications of these hy- 
bridoma antibodies will be cited in this chapter and in 
the consideration of hemopoietic malignancies. Mature 
T cells in the peripheral blood, in addition to reacting 
with OKTS antibodies, also form spontaneous rosettes 
with sheep erythrocytes (E). This property (E rosetting) 
is utilized clinically for enumeration of T cells. 


B Lymphocytes 


B lymphocytes are present in the blood and lym- 
phoid tissue, including bone marrow. In human blood 
they constitute 10 to 20% of the lymphocyte population. 
In lymph nodes they are found in the superficial cortex, 
forming lymphoid follicles. In the spleen they are found 
in the white pulp organized as lymphoid follicles, usually 
having pale staining central areas called germinal cen- 
ters. As is well known, B cells express surface immu- 
noglobulin (Ig), which is thought to be identical in 
specificity to the immunoglobulins secreted when the B 
cell becomes a plasma cell. Ig on the B-cell surface can 
be identified by fluorescence microscopy after the cells 
have been incubated with anti-Ig antibodies labeled 
with fluorescein isothiocyanate. This procedure is uti- 
lized clinically to identify and quantitate B cells. In 
addition to Ig, B cells express two other receptors on 
their surface: a receptor for the Fc portion of IgG (Fc 
receptor) and a receptor for the third component of 
complement (C3b receptor). The function of these re- 
ceptors in the immune response is not entirely clear, 
but they can be used as markers of B cells. The cell 
membrane of B cells bearing C3b receptors binds sheep 
erythrocytes (E) coated with IgM antibody (A) and 
complement (C’) to form so-called EAC’ rosettes. This 
technique is sometimes used to enumerate B cells in 
human peripheral blood. 

In recent years a variety of monoclonal antibodies, 
produced by the hybridoma technique, that recognize 
B-cell antigens have been described.’ At present they 
are not as widely used as the monoclonal antibodies 
reactive with f£ lymphocytes. 


Macrophages 


The origin and differentiation of macrophages have 
been discussed earlier in Chapter 2. Macrophages are 
widely distributed in the lymphoid tissue as well as in 
the circulating blood (as monocytes). In the lymph nodes 
they are present in the walls of sinuses-as well as among 
the cells of the deep cortex. Macrophages play several 
roles in the immune response. First, they are required 
to “process” and present the antigen to immunocom- 
petent cells. The presence of HLA-D/DR antigens (p. 
161) on the macrophages is considered critical for the 
antigen-presenting functions. Second, macrophages act 
as powerful effector cells in certain cell-mediated im- 
mune reactions, appearing in response to products of 
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T-lymphocyte activation (lymphokines). Third, macro- 
phages produce a number of soluble factors that pro- 
foundly influence the growth and function of lympho- 
cytes as well as nonlymphoid cells such as fibroblasts, 
smooth muscle, and endothelial cells (p. 61). 

The macrophage cell membrane has two important 
receptors: one for the Fc portion of IgG and the other 
for activated C3 (complement). Both these receptors 
help in phagocytosis of particulate matter. For example, 
antibody-coated (“opsonized”) bacteria are readily in- 
gested, because the Fc portion of the IgG coating the 
bacterium can bind to the macrophage Fc receptor. 
These receptors are also convenient markers for the 
study of macrophages in blood and lymphoid cell sus- 
pensions. Sheep erythrocytes (E) coated with IgG anti- 
sheep red cell antibodies (A) form rosettes (EA rosettes) 
with macrophages via the Fc portion of IgG. 
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Other Cell Types 


K CeLLs. These cells are characterized by the 
presence of an Fc receptor, but they lack surface Ig and 
surface markers of T cells and are nonphagocytic. Thus, 
they lack typical markers for B cells, T cells, or macro- 
phages. Morphologically, they resemble small or me- 
dium-sized lymphocytes and are sometimes included in 
the group called “null cells.” (Null cells constitute a 
heterogeneous group of cells, all of which lack well- 
defined cell-surface markers for T cells, B cells, and 
macrophages.) K cells, by virtue of their Fe receptor 
for IgG, can lyse antibody-coated target cells by means 
of a nonphagocytic mechanism. This process, called 
antibody-dependent cellular cytotoxicity (ADCC), is dis- 
cussed later under Type II hypersensitivity (p. 166), 
and its possible role in destruction of tumor cells will 
be described later (p. 258). 

NK CE Lts. In recent years much interest has fo- 
cused on a novel cell type, called the natural killer (NK) 
cells. These cells are capable of lysing a variety of tumor 
cells, virus-infected cells, and some normal cells, with- 
out previous sensitization. NK cells are found in the 
peripheral blood and the lymphoid tissues of man as 
well as a variety of animal species.> Although NK cells 
share some cell surface antigens with T cells and mac- 
rophages, and possess Fe receptors, they are believed 
to be distinct from mature T cells, B cells, or macro- 
phages. Morphologically they are somewhat larger than 
sinall lymphocytes and possess granules in their cyto- 
plasm; they have therefore been described as large 
granular lymphocytes. Because of their ability to lyse 
tumor cells and virus-infected cells in vitro, without 
previous immunization, they are considered to be im- 
portant as the first line of defense against tumors and 
virus infections. 

DENDRITIC AND LANGERHANS’ CELLS. These include 
a population of cells, all characterized by dendritic 
cvtoplasmic processes and the presence of large amounts 
of cell surface HLA-D/DR antigens.® Dendritic cells are 
found in the lymphoid tissues, and somewhat similar 
cells within the epidermis have been called Langerhans’ 


cells. By virtue of cell surface HLA-D/DR antigens, 
dendritic cells and Langerhans’ cells are extremely 
efficient in antigen presentation, and some investigators 
believe that they are the most important antigen-pre- 
senting cells in the body. It should be noted that, unlike 
macrophages, they are either weakly phagocytic (Lan- 
gerhans’ cells) or not phagocytic (dendritic cells). Never- 
theless, they are believed to be a part of the mononu- 
clear phagocytic system. 


HISTOCOMPATIBILITY ANTIGENS 


Although originally identified as antigens that evoke 
rejection of transplanted organs, histocompatibility an- 
tigens are now considered important in the regulation 
of the immune response as well as in resistance/suscep- 
tibility to a growing list of diseases. The structure and 
organization of histocompatibility antigens and the cor- 
responding histocompatibility genes are complex and 
still incompletely understood. Here we will summarize 
only the salient features of human histocompatibility 
antigens, primarily to facilitate an understanding of their 
role in rejection of organ transplants and disease sus- 
ceptibility. A detailed description may be found in 
specialized texts.’ 

It is well known that when an individual receives 
an organ transplant obtained from a genetically dissim- 
ilar donor, the transplanted organ is rejected by im- 
munologic mechanisms. In this process of rejection, the 
recipient's immune system recognizes the histocompat- 
ibility antigens displayed on the cell surfaces of the 
donor organ. Several genes code for histocompatibility 
antigens, but those that code for the most important 
transplantation antigens are clustered on a small seg- 
ment of chromosome 6. This cluster of genes constitutes 
the human major histocompatibility complex (MHC) 
and is also known as the HLA complex (Fig. 5-1). It is 
equivalent to the murine H-2 complex. 

The term HLA refers to human leukocyte antigens, 
since MHC-encoded antigens were initially detected on 
the white cells. Four closely linked loci, designated 
HLA-A, -B, -C, and -D/DR, form the human HLA 
complex. A feature common to all the HLA loci is the 
high degree of polymorphism, i.e., the existence of 
multiple allelic forms in a population. Each of the several 
allelic determinants at these loci is identified by a 
number, e.g., HLA-Al, HLA-B5, and so forth. Already 
over 40 antigens have been recognized at the HLA-B 
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Figure 5—1. The HLA complex on chromosome 6. 


Locus @ Parents O 
bl Ac wivsuwusecatue de aereses W141 W3 W4 W6 
CA) te ecraweeeeetseuees 3 A W7 5 
Si AcPccsacesmeceaeesandectess 8 7 42 5 
EliAC? Atsaa Vnwaateneasiece ead W3 W2 W14 W7 
El | Aah Ase eeanie ous awe eue sees { 3 W24 9 


Parental haplotypes 


jab | 
jac | | ad | | be } | bd | 


Figure 5—2. Inheritance of HLA haplotypes. The paternal haplotypes 
are indicated by a and b and the maternal haplotypes by c and d. 
The possible haplotype combinations of offspring are indicated, 
assuming no crossing over; e.g., ac = HLA-DW1, 4; -DR 3, W7; 
-B 8, 12; -CW 3, W1; -A1, W24. 


Haplotypes of offspring 


locus. Those antigens that have been defined only 
provisionally are designated by a W (for international 
workshop), e.g., HLA-BW21. Every individual inherits 
only one determinant from each parent and can express 
no more than two different antigens for every locus 
(Fig. 5-2). Antigens coded by HLA-A, -B, and -C loci 
(also called class I antigens) are similar in many respects. 
They are 44,000 molecular weight glycoproteins, which 
are represented on virtually all the nucleated cells. 
Since class I antigens evoke the formation of humoral 
antibody in genetically nonidentical recipients, it is 
possible to obtain antibodies reactive against them. This 
makes it possible to type class I antigens by conventional 
serologic techniques such as antibody- and complement- 
mediated cytotoxicity. 

HLA-D antigens differ in several respects from 
class I antigens. They were initially defined by a func- 
tional test called the mixed lymphocyte reaction. This 
reaction occurs when lymphocytes from two individuals 
who differ at the HLA-D locus are cultured together in 
vitro. T lymphocytes from one individual can recognize 
(“see”) foreign HLA-D antigens on the cells of the other 
individual and respond by proliferation, which can be 
measured. If the individuals share the same HLA-D 
antigens, proliferation does not occur. By using the 
mixed lymphocyte reaction, it has been possible to 
provisionally identify 12 HLA-D antigens designated 
HLA-DW1 through HLA-DW12. In recent years, ef- 
forts to define the HLA-D antigens by serologic tech- 
niques have ied to the identification of closely related 
(if not identical) -DR (D-related) antigens. Collectively, 
the HLA-D/DR antigens are called class II antigens and 
they are coded by a segment of HLA that corresponds 
to the I region of the murine H-2 complex. The bulk of 
the available data indicates that most or all of these 
antigens are products of Ir (immune response) genes, 
which determine individual patterns of responses to 
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foreign antigens. Unlike class I antigens, D/DR antigens 
have a restricted tissue distribution, being found mainly 
on B lymphocytes, monocytes/macrophages, dendritic/ 
Langerhans cells, and some endothelial cells. Chemi- 
cally, HLA-DR antigens are quite distinct from class I 
antigens in that they are found on a 2-chain molecule, 
with molecular weights of 34,000 (a-chain) and 29,000 
(B-chain). Several other less well-defined class II anti- 
gens have also been found recently; these include -MB, 
-MT, and -SB antigens. 

In addition to histocompatibility antigens, struc- 
tural genes for complement components (C4, C2, and 
Bf of the alternate pathway) are also closely linked to 
the HLA complex (Fig. 5-1). 


Inheritance of HLA Haplotypes 


A set of closely linked genes on one chromosome 
constitutes a haplotype, and these tend to be inherited 
en bloc. In the case of the human major histocompati- 
bility complex it includes one gene each from HLA-A, 
-B, -C, -D, and -DR loci. Haplotype analysis is of 
importance in family studies and in organ transplanta- 
tion. An illustration of inheritance of HLA is provided 
in Figure 5-2. There are two paternal and two maternal 
haplotypes. Each parent is depicted as being heterozy- 
gous at all loci, and the two parents do not share any 
common HLA-specificities. The offspring can have only 
four possible combinations of haplotypes. There is a 
25% chance that two siblings will be HLA-identical 
(i.e., share both haplotypes). An additional 50% will 
share one haplotype, and 25% will not share any hap- 
lotype. Parents share one haplotype with all children 
and differ in the other. However, if both parents had 
shared one haplotype, there would be a 1 in 2 chance 
of parents and offspring being identical. The degree of 
haplotype-sharing is of fundamental importance in pre- 
dicting graft survival. In the above example, crossing- 
over was not considered, although it is possible and can 
lead to formation of a new haplotype. 


Significance of HLA Complex 


In Organ Transplantation. As mentioned earlier, 
HLA antigens were discovered in the course of trans- 
plantation studies, and continue to present formidable 
barriers to the success of clinical organ transplantation. 
HLA antigens of the graft evoke both humoral and cell- 
mediated responses, which lead eventually to graft 
destruction, as discussed on page 171. Since the severity 
of the rejection reaction is related to the degree of HLA 
disparity between the donor and recipient, HLA typing 
is of immense clinical significance in the selection of the 
donor-recipient combinations. 

Regulation of Immune Response. In mice, a set of 
genes that control the magnitude of both cellular and 
humoral immune responses has been mapped within 
the I region of the murine major histocompatibility 
complex (H-2 complex). In humans, there is accumulat- 
ing evidence that immune response (Ir) genes map in 
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the -D/DR region of the HLA complex and that -D/DR 
antigens may be the products of Ir genes. For example, 
the magnitude of IgE antibody response to a ragweed 
allergen (Ra 5) has been found to be highly associated 
with HLA-DR2, suggesting Ir-gene control. The mech- 
anisms by which Ir genes regulate the immune response 
are not entirely clear and are beyond the scope of this 
discussion. 

Cell-to-cell Interactions in Immune Response. The 
ultimate expression of the immune response, both hu- 
moral and cellular, depends on an intricate and finely 
orchestrated interaction among several cell types. It is 
well-known, for example, that in the process of antigen 
presentation macrophages must interact with T cells 
and B cells, and in many cases T-helper cells have to 
interact with B cells or other effector T cells. T-sup- 
pressor cells can signal other immune cells to dampen 
or limit the immune reactivity. These interactions are 
critically dependent on cell surface HLA antigens. Many 
such interactions involve the recognition of class IIT HLA 
antigens, which you may recall are distributed almost 
exclusively on cells of the immune system. 

Role in Host Defense. As we shall discuss later, 
cytotoxic T lymphocytes are believed to be important 
in resistance against virus infections and tumor cells (p. 
208). The protective effects of cytotoxic T cells lie in 
their ability to lyse virus-infected or neoplastic cells. In 
this process of T cell-mediated lysis, class I antigens 
have been found to be of paramount importance. It has 
been discovered, for example, that cytotoxic T cells, 
specifically sensitized against a virus, can lyse the virus- 
infected cells only in association with class I HLA 
molecules. In other words, cytotoxic T cells cannot 
recognize the viral antigens independent of the HLA 
molecules. One explanation of this phenomenon (called 
HLA restriction) is that HLA antigens provide specific 
sites that are modified by virus infection and that the 
virus-modified self-HLA antigens provide the target 
antigen for cytotoxic T cells (Fig. 5-3). In this context, 
the presence of class I HLA antigens on virtually every 
somatic cell may be viewed as an evolutionary step 
designed to help in the elimination of abnormal or 
altered cells. 
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Figure 5-3. Schematic illustration of the role of HLA antigens in the 
— lysis of virus-infected cell by cytotoxic T lymphocytes. 


Table 5-1. SELECTED EXAMPLES OF HLA AND DISEASE 


ASSOCIATION 
Estimated 
Relative 
Disease HLA Risk 
Ankylosing spondylitis B27 90 
Reiter’s disease B27 48 
Acute anterior uveitis B27 16.9 
Rheumatoid arthritis DW4/DR4 4.2 
Hashimoto's disease DR3 2.6 
Addison’s disease B8 4.0 
DW3 6.3 
Hemochromatosis A3 4 
21-hydroxylase deficiency BW47 15 
Dermatitis herpetiformis B8 8.7 
DW3 13.5 


HLA and Disease Association. A variety of diseases 
have been found in association with certain HLA types 
(Table 5-1). The best known is the associaticn between 
ankylosing spondylitis and HLA-B27; individuals who 
possess HLA-B27 antigen have a 90-fold greater chance 
(relative risk) of developing this disease than those who 
are negative for HLA-B27. The diseases that show 
association with HLA can be broadly grouped into the 
following categories: (1) inflammatory diseases including 
ankylosing spondylitis and several postinfectious arth- 
ropathies, all associated with HLA-B27; (2) inherited 
errors of metabolism, e.g., hemochromatosis (HLA-A3) 
and 21-hydroxylase deficiency (HLA-BW47); (3) autoim- 
mune diseases including autoimmune endocrinopathies, 
associated with alleles at the DR locus; and (4) comple- 
ment deficiency syndromes. The mechanisms underlying 
these associations are not understood at present. 
Clearly, with diseases as diverse as enzyme deficiency 
syndromes and autoimmune disorders, no single mech- 
anism of association is likely. In view of the physiologic 
role of the HLA complex in regulation of the immune 
response, it is somewhat easier to speculate on the 
possible mechanisms that may underlie the associations 
with immunologically mediated diseases. The following 
two mechanisms have been proposed.*® 

1. Involvement of immune response genes. It was 
mentioned previously that immune response (Ir) genes 
appear to exist within the HLA complex of humans. If 
so, an association between certain autoimmune diseases 
and HLA antigens (see Table 5-1) may be explained on 
the basis of closely linked Ir genes that regulate the 
levels of auto-antibody responses. (See p. 179 for further 
discussion. ) | 

2. Direct participation of HLA macromolecules in 
disease. There are two possible mechanisms by which 
HLA molecules may participate directly in disease. 
First, pathogens may share a cross-reacting antigen with 
HLA and be protected from an immune response by 
the host's tolerance for self-HLA antigens (“molecular 
mimicry ). Second, certain HLA molecules may provide 
receptors for viruses, and this may either facilitate virus- 
cell interaction or provide a target for host immune cells 
to destroy virus-infected cells. In the former case, the 


presence of a given HLA type would favor virus-induced 
disease, whereas in the latter case it would favor removal 
of virus-infected cells. 


DISORDERS OF THE IMMUNE 
SYSTEM 


Having reviewed some fundamental aspects of im- 
munology, we can now turn to general disorders of the 
immune system and some specific immunologic dis- 
eases. These will be discussed under four broad head- 
ings: (1) hypersensitivity reactions, which form the 
mechanisms of immunologic injury in a variety of dis- 
eases discussed throughout this book; (2) autoimmune 
diseases, which are caused by immune reactions against 
“self”; (3) amyloidosis, a poorly understood disorder 
having immunologic associations; and (4) immunologic 
deficiency syndromes, which result from rather distinct, 
often genetically determined defects in some compo- 
nents of the normal immune response. 


MECHANISMS OF IMMUNOLOGIC 
TISSUE INJURY (HYPERSENSITIVITY 
REACTIONS) 


Humans live in an environment teeming with sub- 
stances capable of producing immunologic responses. 
Contact with antigen leads not only to induction of a 
protective immune response, but also to reactions that 
can be damaging to tissues. Exogenous antigens occur 
in dust, pollens, foods, drugs, microbiologic agents, and 
chemicals, and in many blood products used in clinical 
practice. The immune response that may result from 
such exogenous antigens take a variety of forms, ranging 
from annoying but trivial discomforts such as itching of 
the skin to potentially fatal disease such as bronchial 
asthma. The various reactions produced are called hy- 
persensitivity reactions, and these can be initiated either 
by the interaction of antigen with humoral antibody or 
by cell-mediated immune mechanisms. 

Disorders resulting from tissue-damaging immune 
reactions have been categorized in a variety of ways, 
but only two classifications will be reviewed here. The 
first (Table 5-2) divides the immunologically mediated 
disorders into three categories on the basis of the source 
of the offending antigen—exogenous, homologous, or 
autologous.® This classification is of value because it 
indicates that some disorders—those due to exogenous 
antigens—are essentially environmental and as such are 
theoretically preventable. Poison ivy contact dermatitis 
could be eradicated as a disease by mere avoidance of 
contact with the plant, as could hay fever resulting from 
inhalation of plant pollens. On the other hand, many of 
the most important immune diseases are caused by 
homologous and autologous antigens intrinsic to hu- 
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Table 5—2. IMMUNE DISORDERS CLASSIFIED BY SOURCE OF 
ANTIGEN 


Atopic disease (e.g., poison ivy contact 
dermatitis; reactions to plant pollens, 
sera, and drugs) 

Reactions to isoantigens (e.g., 
transfusion reactions, erythroblastosis 
fetalis, transplant rejection) 
Autoimmune diseases (e.g., systemic 
lupus erythematosus, rheumatoid 
arthritis, Sj6gren’s syndrome) 


Hypersensitivity Reactions 


Exogenous 


Homologous 


Autologous 


mans. The disorders triggered by homologous antigens 
result from the genetic and antigenic dissimilarities 
between individuals. Transfusion reactions and graft 
rejection are examples of immunologic disorders evoked 
by homologous antigens. Appropriate cross-matching of 
donor and recipient could preclude such reactions. 
Unfortunately, as discussed later, we do not yet have 
enough knowledge to match the donor and recipient 
accurately enough to prevent rejection of organs, nor 
are we likely to control erythroblastosis fetalis in the 
newborn (p. 486) by imposing the requisite of blood 
group compatibility on individuals who intend to marry. 
The third category of disorders, those incited by autolo- 
gous antigens, comprises the important group of autoim- 
mune diseases, to be discussed later in this chapter. 
These diseases appear to arise because of the emergence 
of immune responses against “self” antigens. 

The second classification (Table 5-3) is based on 
the immunologic mechanism that mediates the disease. 
This approach is of value in clarifying the manner in 
which the immune response ultimately causes tissue 
injury and disease. In Type I disease, the immune 
response releases vasoactive substances that act on 
smooth muscle and vessels, thus altering their function. 
In Type II disorders, humoral antibodies participate 
directly in injuring cells by predisposing them to phago- 
cytosis or lysis. Type III disorders are best remembered 
as “immune complex diseases,” in which humoral anti- 
bodies bind antigens and activate complement. The 
fractions of complement then attract neutrophils which, 
partly through the release of neutrophilic lysosomal 
enzymes, produce tissue damage. Type IV disorders 
involve tissue injury in which cell-mediated immune 
responses with sensitized lymphocytes are the cause of 
the cellular and tissue injury. Prototypes of each of 
these immune mechanisms are presented in the follow- 
ing sections. 


TYPE | HYPERSENSITIVITY (ANAPHYLACTIC 
TYPE) 


Anaphylaxis may be defined as a rapidly developing 
immunologic reaction occurring within minutes after 
the combination of an antigen with antibody bound to 
mast cells or basophils in individuals or animals previ- 
ously sensitized to the antigen. It may occur as a systemic 
disorder or a local reaction. The systemic reaction 
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Table 5-3. MECHANISMS OF IMMUNOLOGICALLY MEDIATED DISORDERS 


Type 
Type |, Anaphylactic type 


Prototype Disorder 
Anaphylaxis, some forms of 


Immune Mechanism 


Formation of IgE (cytotropic antibody) — release 


bronchial asthma, atopy 


Type Il, Cytotoxic type 
erythrobiastosis fetalis, 
Goodpasture’s disease 


Type Ill, Immune complex 
disease 
certain forms of acute 
glomerulonephritis 
Type IV, Cell-mediated 


(delayed) hypersensitivity transplant rejection 


usually follows an intravenous injection of an antigen to 
which the host has already become sensitized. Often 
within minutes a state of shock is produced, which is 
sometimes fatal. Local reactions depend on the portal 
of entry of the allergen, and take the form of localized 
cutaneous swellings (skin allergy, hives), nasal and con- 
junctival discharge (allergic rhinitis and conjunctivitis), 
hay fever, bronchial asthma, or allergic gastroenteritis 
(food allergy). 

In humans, Type I reactions are mediated by IgE 
antibodies.'° In guinea pigs and mice (but apparently 
not in humans), 7S IgG immunoglobulins can also 
mediate anaphylactic reactions, albeit less efficiently 
than IgE. IgE is present in serum in very low concen- 
trations and is also encountered bound to mast cells and 
basophils. An allergen stimulates IgE production by 
lymphocytes and plasma cells, principally in tonsillar 
tissue, Peyer’s patches, and the lamina propria of gas- 
trointestinal and other mucosal surfaces. The synthesis 
of IgE antibodies requires T-helper cells. Normally, 
however, this process is actively suppressed by T- 
suppressor cells. Once IgE antibodies are formed in 
response to an allergen, they have a strong tendency to 
attach to mast cells and basophils through cell surface 
receptors for the Fc portion of IgE heavy chain (Fig. 5— 
4). When a mast cell or basophil, armed with cytophilic 
IgE antibodies, is reexposed to the specific allergen, a 
series of reactions takes place, leading eventually to the 
release of a variety of powerful vasoactive mediators. 
This first step in this sequence is the binding of antigen 
(allergen) to the IgE antibodies previously attached to 
the mast cells. In this process, multivalent antigens bind 
to more than one IgE molecule and cause cross-linkage 
of adjacent IgE antibodies. The bridging of IgE mole- 
cules leads to perturbations of the IgE-Fc receptors and 
initiates two parallel and interdependent processes— 
one leading to mast cell degranulation with discharge of 
preformed (primary) mediators and the other involving 
de novo synthesis and release of secondary mediators 
such as leukotrienes. 

Degranulation of mast cells is an active process that 
requires influx of calcium and depends on an intact 
glycolytic pathway. Involved in the complex sequence 
is a rapid and transient increase in cAMP, which acti- 


Autoimmune hemolytic anemia, 


Arthus reaction, serum sickness, 
systemic lupus erythematosus, 


Tuberculosis, contact dermatitis, 


of vasoactive amines from basophils and mast 
cells 

Formation of IgG, IgM — binds to antigen on 
target cell surface — phagocytosis of target cell 
or lysis of target cell 


Antigen-antibody complexes — activated 
complement — attracted neutrophils — release of 
lysosomal enzymes 


Sensitized T lymphocytes — release of 
lymphokines and other effector mechanisms 


vates cAMP-dependent protein kinases. These in turn 
are responsible for phosphorylation of the membrane 
around mast-cell granules. Phosphorylation and other 
alterations of the perigranular membranes render them 
permeable to water and calcium, resulting in marked 
swelling of the granules (visible under the electron 
microscope). Simultaneously, calcium-activated en- 
zvmes release energy required for the assembly of 
microtubules and microfilaments. These contractile ele- 
ments of the cvtoskeleton cause the movement of swol- 
len granules toward the cell surface, where they fuse 
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Figure 5—4. Schematic view of mast cell activation, degranulation, 
and secretion. (Adapted from Austen, K. F.: Tissue mast cells in 
immediate hypersensitivity. Hosp. Pract. 77(No. 11):98, 1982. Re- 
printed with permission. Original drawing by Bunji Tagawa.) 


with the cell membrane and spill their contents. As 
indicated earlier, the biologically active compounds 
contained within the mast cell granules are called the 
primary mediators; they include: (1) histamine, which 
causes intense bronchial smooth muscle contraction, 
increased vascular permeability, and increased secretion 
by nasal, bronchial, and gastric glands; (2) eosinophil 
chemotactic factor of anaphylaxis (ECF-A), which ac- 
counts for the presence of these cells in allergic reac- 
tions; and (3) a distinct, neutrophil chemotactic factor, 
which has also been identified more recently. In addi- 
tion to these mediators, human mast cell granules 
contain impressive amounts of neutral proteases, whose 
normal function or role in disease is not yet clear. 

The events resulting in the de novo synthesis of 
mast cell-derived secondary mediators take place within 
the cell membrane. The first step in this process is 
activation of a serine esterase, which through several 
intermediate steps leads to the formation of phosphati- 
dylcholine. This compound somehow causes increased 
membrane permeability to calcium, which in turn acti- 
vates phospholipase A,. Next, phosphatidylcholine is 
metabolized by the phospholipase to yield arachidonic 
acid. This, you may recall, is the starting material for 
the synthesis of prostaglandins and leukotrienes (p. 55). 
It should be pointed out that the secondary mediators, 
including arachidonic acid metabolites, are formed not 
only by activated mast cells, but also by other leuko- 
cytes.'! They can be divided into two groups: 

Arachidonic Acid Metabolites. The metabolism and 
derivatives of arachidonic acid were discussed earlier in 
relation to inflammation. In the past, before they were 
chemically identified, many of the arachidonic acid 
derivatives involved in anaphylaxis were designated as 
slow-reacting substance of anaphylaxis (SRS-A) since 
their release was much slower as compared with hista- 
mine and they caused a much more prolonged contrac- 
tion of bronchial smooth muscle. SRS-A has now been 
shown to be composed of leukotrienes C,, D,, and E,.'” 
It should be pointed out that these lipoxygenase deriv- 
atives of arachidonic acid are produced not only by mast 
cells but also by neutrophils and macrophages. Leuko- 
trienes C, and D, are believed to be the major mediators 
of bronchospasm in systemic anaphylaxis, and on a molar 
basis they are 4000 times more potent than histamine. 
Leukotriene B, (not a component of SRS-A) is the most 
powerful natural chemotactic substance known. It acts 
on eosinophils, neutrophils, and macrophages. In addi- 
tion to the leukotrienes, prostaglandins derived by the 
activation of the cyclooxygenase pathway are also pro- 
duced during anaphylaxis. Mast cells form PGD,, a 
potent vasodilator, and PGI,, which causes disaggrega- 
tion of platelets. 

Platelet Activating Factors (PAF). These constitute 
the other group of secondary mediators. These low- 
molecular-weight lipids (acetylated glycerol ether phos- 
phocholine, p. 57) released from basophils, as well as 
macrophages, cause platelet aggregation and noncyto- 
toxic release of histamine from the platelets. 

Eosinophils, which are attracted to the site of mast 
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cell degranulation, apparently function to neutralize the 
effects of the mediators by releasing enzymes such as 
histaminase. '* Thus, they may serve to end the reaction 
initiated by contact with allergen. It is thus apparent 
that in this type of reaction the mast cell—present in 
the connective tissue around blood vessels and bearing 
specific IgE recognition units—responds to a foreign 
material by inducing increased vascular permeability 
and recruiting both cells and serum factors, without 
necessarily inducing the extensive tissue damage char- 
acteristic of complement-mediated antigen-antibody re- 
actions. Although this may serve to limit most reactions, 
an uncontrolled response may lead to profound conse- 
quences, as we shall see. 


Hypersensitivity Reactions 


Systemic Anaphylaxis 


In man, systemic anaphylaxis may occur after 
administration of heterologous proteins in the form of 
antisera, hormones, enzymes, polysaccharides, and 
drugs (such as the antibiotic penicillin). The severity of 
the disorder varies with the level of sensitization. How- 
ever, the shock dose of antigen may be exceedingly 
small, as, for example, the tiny amounts used in ordinary 
skin testing for various forms of allergies. Within min- 
utes after exposure, itching, hives, and skin erythema 
appear, followed shortly thereafter by a striking con- 
traction of respiratory bronchioles and the appearance 
of respiratory distress. Laryngeal edema will result in 
hoarseness. Vomiting, abdominal cramps, diarrhea, and 
laryngeal obstruction follow, and the patient may go 
into shock and even die within the hour. At autopsy, 
some patients may be found to have pulmonary edema 
and hemorrhage, while others show hyperdistention of 
the lungs along with right-sided cardiac dilatation, a 
reflection of the constricted pulmonary vasculature. It 
is obvious that the effect of anaphylaxis must always be 
borne in mind when a therapeutic agent is administered. 
Although patients at risk can generally be identified by 
a previous history of some form of allergy, the absence 
of such a history does not preclude the possibility of an 
anaphylactic reaction. It is somewhat frightening to 
know that perhaps as many as one in five patients 
receiving penicillin develop some sensitivity to this drug 
and that 100 to 500 individuals die each year from 
penicillin anaphylaxis in the United States. 


Local Anaphylaxis 


These reactions are exemplified by so-called atopic 
allergy, atopy being the term introduced in 1923 to 
imply a propensity to develop such allergic reactions. 
In more modern terms, atopy is defined as a genetically 
controlled predisposition to the production of specific 
IgE antibodies upon inhalation or ingestion of minute 
amounts of antigen. About 10% of the population suffers 
from allergies involving localized anaphylactic reactions 
to extrinsic allergens such as pollen, animal dander, 
house dust, fish, and the like. Specific diseases include 
urticaria, angioedema, allergic rhinitis (hay fever), and 
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asthma—all to be discussed elsewhere in this book. Of 
interest is the familial predisposition to the development 
of this type of allergy. A positive family history of allergy 
is found in 50% of atopic individuals. The mode of 
inheritance is unclear, but it is most likely multifactorial. 
Several genes seem to be involved and it has been 
suggested that genetic regulation of atopy is exerted at 
two levels. The total ability to produce IgE antibodies 
regardless of the allergen appears to be regulated by 
genes not linked to HLA, whereas the ability to respond 
specifically to a given allergen seems to be controlled 
by immune response genes within or linkea to HLA.'* !° 
Although there are no significant associations between 
HLA antigens and atopic diseases as a group, significant 
association between some HLA loci and immune re- 
sponses against certain allergens has been noted (e.g. 
DW 2 and ragweed allergen 5). Furthermore, IgE 
antibody production to some pollen extracts has been 
correlated with specific HLA haplotypes in certain fam- 
ilies. 
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TYPE Il HYPERSENSITIVITY 


This type of hypersensitivity is mediated by anti- 
bodies directed toward antigens present on the surface 
of cells or other tissue components. The antigenic 
determinants may be intrinsic to the cell membrane, or 
an exogenous antigen adsorbed on the cell surface. In 
either case the hypersensitivity reaction results from 
the binding of antibodies to normal or altered cell 
surface antigens. Two or possibly three different anti- 
body-dependent mechanisms are involved in this type 
of reaction (Fig. 5-5). 

Complement-Mediated Cytotoxicity. In this reac- 
tion, antibody (IgM or IgG) reacts with an antigen 
present on the surface of the cell, causing activation of 
the complement system and resulting in direct mem- 
brane damage and lysis. In addition, the antibody-coated 
cells become susceptible to phagocytosis. This type of 
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Figure 5—5. Type II antibody-dependent cytotoxic hypersensitivity. 
Antibodies directed against cell surface antigens cause cell death 
not only by C-dependent lysis but also by adherence reactions 
leading to phagocytosis or through nonphagocytic extracellular 
killing by certain lymphoreticular cells (antibody-dependent cell- 
mediated cytotoxicity). (Redrawn from Roitt, |.: Essential Immunol- 
ogy. 3rd ed. Oxford, Blackwell Scientific Publications, 1977.) 


reaction most commonly involves blood cells—red blood 
cells, white blood cells, and platelets—but the antibod- 
ies can also be directed against extracellular tissue (e.g., 
glomerular basement membrane in anti-GBM nephritis, 
p. 1004). Clinically, cytotoxic reactions occur in the 
following situations: (1) transfusion reactions, in which 
cells from an incompatible donor react with autochtho- 
nous antibody of the host; (2) erythroblastosis fetalis, in 
which there is an antigenic difference between the 
mother and the fetus, and antibodies from the mother 
(of the IgG class) cross the placenta and cause destruc- 
tion of fetal red cells; (3) autoimmune hemolytic anemia, 
agranulocytosis, or thrombocytopenia, in which, for 
obscure reasons, individuals produce antibodies to their 
own blood cells, which are then destroyed; (4) certain 
drug reactions, in which antibodies are produced that 
react with the drug, which may be complexed to red 
cell antigen (p. 629). | 

Antibody-Dependent Cell-Mediated Cytotoxicity 
(ADCC). Although complement-mediated lysis and 
phagocytosis are the best known mechanisms of cyto- 
toxicity in vivo, the operation of a quite distinct cytotoxic 
mechanism is suggested by experiments in which target 
cells coated with low concentrations of IgG antibody 
can be killed by a variety of nonsensitized cells that 
have Fc receptors. The latter bind to the target by their 
receptors for Fc fragment of IgG, and cell lysis proceeds 
without phagocytosis. ADCC may be mediated by mon- 
ocytes, neutrophils, eosinophils, and K cells (p. 160). 
So far, ADCC has been studied only in vitro, and 
whether it plays a positive role in antibody-mediated 
cytotoxicity in vivo remains an open question. Conceiv- 
ably it could be relevant to the destruction of targets 
too large to be phagocytosed, such as parasites or tumor 
cells (p. 258), and it may also play some role in graft 
rejection. 

Although cytotoxicity is the most common conse- 
quence of the interaction between antibody and cell- 
bound antigen, this may not always be the case. In 
recent years, a variety of diseases resulting from non- 
cytotoxic interactions between cell surface receptors and 
antireceptor antibodies have been described. For ex- 
ample, in myasthenia gravis, muscle weakness results 
from impaired neuromuscular transmission brought 
about by anti-acetylcholine receptor antibodies (p. 
1311). Whether such antibody-mediated diseases should 
be classified as Type II or segregated into a new category 
(Type V) is a matter of semantics we can leave for the 
experts. 


TYPE Ill HYPERSENSITIVITY (IMMUNE 
COMPLEX-—MEDIATED) 


This type of hypersensitivity reaction is induced by 
antigen-antibody complexes that produce tissue damage 
as a result of their capacity to activate a variety of 
serum mediators, principally the complement system. 
The toxic reaction is initiated when antigen combines 
with antibody, either within the circulation (circulating 


immune complexes) or at extravascular sites where 
antigen may have been deposited (in situ immune 
complexes). Some forms of glomerulonephritides in 
which immune complexes are formed in situ on the 
glomerular basement membrane are discussed later on 
page 1004. Complexes formed in the circulation produce 
damage, particularly as they localize within blood vessel 
walls or when they are trapped in filtering structures 
such as the renal glomerulus. It should be pointed out 
at the outset that the mere formation of antigen-antibody 
complexes in the circulation does not imply the presence 
of disease; indeed, immune complexes are formed dur- 
ing many immune responses, and may perhaps repre- 
sent anormal mechanism of antigen removal. The factors 
that determine whether the immune complexes formed 
in circulation will be pathogenic are not fully under- 
stood, but some possible influences will be discussed 
later. 

Two general types of antigens cause complex-me- 
diated injury: the antigen may be exogenous, such as a 
foreign protein, a bacterium, or a virus, but under some 
circumstances the individual can produce antibody 
against self-components—endogenous antigens. The lat- 
ter can be trace components present in the blood or, 
more commonly, antigenic components in cells and 
tissues. Immune complex—mediated diseases can be 
generalized, involving vessels in many organs (acute 
serum sickness), or may be localized to particular organs 
such as the kidney (glomerulonephritis), joints (arthri- 
tis), or only the small blood vessels of the skin (the local 
Arthus reaction). 
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Wherever complexes deposit, the mediation of 
tissue damage is similar (Fig. 5-6). Central to this 
mechanism is activation of the complement cascade (p. 
53) and the elaboration of biologically active fragments. 
As will be recalled, complement activation (1) releases 
C3b, the opsonin that promotes phagocytosis of particles 
and organisms; (2) yields chemotactic factors, which 
direct the migration of polymorphonuclear leukocytes 
and monocytes (C5 fragments, and C5b67); (3) releases 
anaphylatoxins (C3a and C5a), which increase vascular 
permeability and cause contraction of smooth muscle; 
and (4) causes cell membrane damage and even cytolysis 
(C5-9). 

Phagocytosis of antigen-antibody complexes by leu- 
kocytes drawn in by the chemotactic factors results in 
the release or generation of a variety of proinflammatory 
substances including prostaglandins, vasodilator pep- 
tides, and more chemotactic substances, as well as 
several lysosomal enzymes including proteases capable 
of digesting basement membrane, collagen, elastin, and 
cartilage. Tissue damage may also be mediated by free 
oxygen radicals produced by activated neutrophils. '® 
Immune complexes have several other effects: they 
cause aggregation of platelets and activate Hageman 
factor; both of these reactions augment the inflammatory 
process and initiate the formation of microthrombi (Fig. 
5-6). The resultant pathologic lesion is termed vasculitis 
if it occurs in blood vessels, glomerulonephritis if it 
occurs in renal glomeruli, arthritis if it occurs in the 
joints, and so on. 

It is clear from the above that only complement- 
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Figure 5-6. Schematic representation of the pathogenesis of immune complex—mediated tissue 
injury. The morphologic consequences are depicted as boxed areas. 
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fixing antibodies will induce these lesions, i.e., IgG and 
IgM but not IgA, IgD, or IgE. Furthermore, experi- 
mental manipulations that eliminate serum comple- 
ment, such as injections of cobra venom or anticomple- 
ment antisera, inhibit these reactions. Also, if the 
animal’s neutrophils are depleted, there might be some 
slight increase in permeability to proteins, but severe 
injury will not develop because there is a lack of the 
tissue-damaging effects of these cells.” 


Systemic Immune Complex Disease 


Serum sickness, acute or chronic, is a systemic 
disorder caused by the formation of small, soluble 
antigen-antibody aggregates within the circulation. In 
man, serum sickness is manifested by the appearance 
of urticaria, fever, edema, generalized lymphadenopa- 
thy, and occasionally arthritis, glomerulonephritis, and 
vasculitis. It occurs about eight to 12 days following the 
use of some therapeutic antiserum (e.g., horse tetanus 
antitoxin) or a drug. 

The experimental model of acute serum sickness 
has clarified the mechanism of injury in a variety of 
human glomerular and connective tissue diseases.'* To 
produce acute serum sickness, a rabbit is injected with 
a large dose of foreign protein, e.g., bovine serum 
albumin (Fig. 5-7). In the first week of illness the 
animal is asymptomatic despite the presence of free 
antigen in the circulation. Antibody first appears in the 
serum after about one week, but it quickly complexes 
to antigen, forming small antigen-antibody complexes 
in the presence of antigen excess. These deposit in the 
blood vessels of various tissues and can be visualized in 
the lesions by immunofluorescence microscopy. Be- 
tween eight and 14 days thereafter, inflammatory lesions 
appear in the heart, blood vessels, joints, and kidney. 
Serum complement levels also decrease, a reflection of 
complement binding by the complexes. As the immune 
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response continues, antibody excess develops, forming 
large immune complexes that are taken up by the 
mononuclear phagocyte system (MPS). At this time the 
lesions begin to resolve and symptoms disappear. From 
Figure 5-7 it is clear that the development of lesions in 
acute serum sickness corresponds with the appearance 
of small antigen-antibody complexes and is not related 
to free antigen or free antibody. 

There are no completely satisfactory explanations 
for the peculiar localization of immune complexes in 
certain tissues in the body. Some facts, however, are 
pertinent.'? The most pathogenic complexes are those 
of small or intermediate size formed in antigen excess, 
presumably because they circulate longer, bind less 
avidly to phagocytic cells, and therefore have the op- 
portunity to localize in blood vessels, whereas larger 
complexes formed in antibody excess are taken up by 
the mononuclear phagocyte system. Since the MPS 
normally serves to sequester circulating immune com- 
plexes, it follows that overload or intrinsic dysfunction 
of the MPS will increase the probability of tissue depo- 
sition and immune complex—mediated injury. In order 
for the complexes to penetrate across the endothelium 
into the blood vessel wall, an increase in vascular 
permeability must occur. It is thought that IgE antibody 
induced by the antigen shortly after injection binds to 
circulating basophils and releases platelet activating 
factor (PAF). The latter induces platelets to aggregate 
and release their amines (serotonin and_ histamine) 
through the platelet-release reaction (p. 94). These 
amines then separate the endothelial cells and allow the 
complexes to enter the vessel wall.?° This is then a 
“miniature” Type I anaphylactic reaction, occurring 
transiently in Type III reactions. The presence of C3b 
or Fe receptors in some normal tissues such as the 
glomeruli and choroid plexus may favor localization of 
circulating immune complexes in these tissues.”! In the 
kidney, localization is influenced by the peculiar hemo- 
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Figure 5—7. Serum levels of antigen, antibody, 
complexes, and complement in acute ‘‘one-shot” 
serum sickness nephritis. (Modified from Dixon, F. 
J.:_ Glomerulonephritis and immunopathology. 
Hosp. Pract. 2:35, 1967.) 
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Figure 5—8. Immune complex vasculitis. Acute fibrinoid necrosis of 
walls of small vessels. 


dynamic factors that obtain within the glomerular cap- 
illary wall, the nature of the antigen, the avidity of the 
antibody, and the charge of the immune reactants”? 
as discussed on page 1003. 

The vascular lesions resulting from immune com- 
plex deposition take the form of acute necrotizing vas- 
culitis, with deposits of fibrinoid and intense neutro- 
philic exudation permeating the entire arterial wall, 
much like the changes that we shall describe in polyar- 
teritis nodosa (Fig. 5-8). Affected glomeruli are hyper- 
cellular because of swelling and proliferation of endo- 
thelial and mesangial cells, accompanied by neutrophilic 
and monocytic infiltration. The complexes can be seen 
on immunofluorescence microscopy as granular lumpy 
deposits of immunoglobulin and complement, and on 
electron microscopy as electron-dense deposits along 
the glomerular basement membrane (Figs. 21-9 and 
21-12 on pp. 1004 and 1009). The endocarditis takes 
the form of edema and increased vascularity of the heart 
valves, and the vegetations that develop over the in- 
flamed valves have more than a passing resemblance to 
acute rheumatic lesions. 

A chronic form of serum sickness results from 
repeated or prolonged exposure to an antigen. Contin- 
uous antigenemia is necessary for the development of 
chronic immune complex disease, since, as stated ear- 
lier, complexes in antigen excess are the ones most 
likely to deposit in vascular beds. Chronic immune 
complex disease is observed most commonly in the 
kidney, and the resultant lesion is called membranous 
glomerulonephritis because the complexes deposit along 
the glomerular basement membrane, thus resulting in 
thickening of this structure (p. 1012). 
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Local Immune Complex Disease (Arthus Reaction) 


Hypersensitivity Reactions 


The Arthus reaction may be defined as a localized 
area of tissue necrosis resulting from acute immune 
complex vasculitis and usually elicited in the skin. The 
reaction can be produced experimentally by intracuta- 
neous injection of antigen in an immune animal having 
circulating antibodies against the antigen. Because of 
the excess of antibodies, as the antigen diffuses into the 
vascular wall, large immune complexes are formed, 
which precipitate locally and trigger the inflammatory 
reaction already discussed. Unlike IgE-mediated Type 
I reactions, which appear immediately, the Arthus lesion 
develops over a few hours and reaches a peak four to 
ten hours after injection, when it can be seen as an area 
of visible edema with severe hemorrhage followed oc- 
casionally by ulceration. Immunofluorescent stains will 
disclose complement and immunoglobulins and fibrin- 
ogen precipitated within the vessel walls, usually the 
venules. On light microscopy, these produce a smudgy 
eosinophilic deposit that obscures the underlying cel- 
lular detail, an appearance termed “fibrinoid” necrosis 
of the vessels (Fig. 5-8). Rupture of these vessels may 
produce local hemorrhages, but more often the vascular 
lumina undergo thrombosis, adding an element of local 
ischemic injury. 


TYPE IV HYPERSENSITIVITY (CELL-MEDIATED) 


This type of hypersensitivity is initiated by specifi- 
cally sensitized T lymphocytes. It includes the classic 
delayed-type hypersensitivity reactions and_ cell-me- 
diated cytotoxic reactions. It is the principal pattern of 
immunologic response to a variety of intracellular mi- 


.crobiologic agents, particularly M. tuberculosis, but also 


to many viruses, fungi, protozoa, and parasites. So- 
called “contact skin sensitivity’ to chemical agents and 
graft rejection are other instances of cell-mediated re- 
actions. 


Delayed-Type Hypersensitivity 


The best known example of delayed hypersensitiv- 
ity is the tuberculin reaction, which is performed by 
the intracutaneous injection of tuberculin, a protein- 
lipopolysaccharide component of the tubercle bacillus. 
In a previously sensitized individual, reddening and 
induration of the sites appear in eight to 12 hours, reach 
a peak in 24 to 72 hours, and thereafter slowly subside. 
An extremely sensitive patient may indeed develop 
necrosis at the site of injection. Morphologically the 
lesion is characterized by the accumulation of mononu- 
clear cells in the subcutaneous tissue and deep and 
superficial dermis™ (Fig. 5-9). There is predominant 
accumulation around small veins and venules, producing 
a characteristic perivascular “cuffing.” Varying numbers 
of polymorphonuclear leukocytes may also be present, 
depending on the intensity of the reaction and the 
amount of necrosis. A small number of basophils are 
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Figure 5-9. A 48-hour delayed hypersensitivity skin reaction in man elicited with tuberculin. There 
are superficial and deep perivascular infiltrates of mononuclear cells (arrows). Note edema (pale 
areas) of superficial dermis. /nset: Higher-power view of mononuclear perivascular infiltrate. (From 
Dvorak, H.: Delayed hypersensitivity. /n Zweifach, B. W., et al. (eds.): The Inflammatory Process. Vol. 


lll. New York, Academic Press, 1974.) 


usually present at the site of cutaneous delayed hyper- 
sensitivity reaction in man, but in certain species they 
may form a prominent part of the cellular reaction.” 
Increased vascular permeability is a constant feature 
beginning four to six hours after injection of antigen and 
reaching a peak by 12 to 24 hours. Fibrin deposition in 
the interstitium appears to be the main cause of the 
induration, which is characteristic of delayed hypersen- 
sitivity skin lesions. Such induration can be prevented 
by anticoagulants in experimental animals and in man. 
Delayed hypersensitivity reactions are initiated by 
specifically sensitized T lymphocytes, generated during 
the initial contact with the antigen; some of the memory 
cells remain in the circulation for a long time, often 
several years. When the individual is reexposed to the 
specific antigen (e.g., tuberculin), memory T lympho- 
cytes are stimulated to divide and release a variety of 
biologically active molecules called lymphokines. The 
function of lymphokines is to amplify the inflammatory 
response by recruiting inflammatory cells, activating 
them, and keeping them at the site. In a fully developed 
delayed hypersensitivity reaction, therefore, only a very 
small percentage of the mononuclear cell infiltrate is 
made up of antigen-sensitive T cells that initiated the 
reaction. Among the lymphokines the most important 
appear to be the ones that result in the accumulation 
and activation of macrophages within the lesion. Mac- 
rophages are required for the development of the prom- 


inent inflammatory reaction and tissue damage in de- 
layed hypersensitivity reactions. The various ways by 
which activated macrophages induce tissue injury and 
continued inflammation were discussed in detail in the 
chapter on the inflammatory response (Chapter 2). 

Lymphokines. A variety of lymphokines, detected 
usually by diverse functional assays, has been de- 
scribed.” However, it is not yet clear how many chem- 
ically distinct molecules are involved, nor how many of 
the lymphokine activities detected in vitro are relevant 
in vivo. Some of the important lymphokines are listed 
below: 

1. Macrophage migration inhibition factor (MIF). 
As its name implies, this substance inhibits the normal 
active migration of macrophages. MIF, like most other 
lymphokines that have been characterized, is of rela- 
tively low molecular weight and lacks immunologic 
specificity. Thus, it is not antibody-like. MIF is a 
glycoprotein, of about 20,000 to 40,000 molecular 
weight, which can be generated in vitro by interaction 
of immune T cells with antigen and with nonspecific 
polyclonal mitogens such as concanavalin A. 

2. Interferons. Interferons were originally de- 
scribed for their antiviral activity, but it is now known 
that they represent a family of molecules that can also 
exert immunomodulatory effects. The interferon pro- 
duced by sensitized T cells is called gamma-interferon, 
and it is chemically distinct from the alpha- and beta- 


interferons induced by viruses. Gamma-interferon (in 
addition to its antiviral effect) can also activate macro- 
phages to increased levels of metabolic activity accom- 
panied by greater ability to kill tumor cells and ingested 
microbes. Until recently, this effect was ascribed to an 
independent lymphokine termed macrophage activating 
factor (MAF).264 Whether MAF activity also resides in 
molecules other than gamma-interferon is presently 
unknown. 

3. Chemotactic factors. These are for neutrophils, 
eosinophils, basophils, monocytes, and other lympho- 
cytes. 

4. Interleukin 2. This substance, also called T-cell 
growth factor, is produced by antigen- or mitogen- 
activated T cells. In turn it causes proliferation of the T 
cells involved in mediating cellular immunity. 

5. Transfer factor. This is an ill-defined substance 
(present only in humans), which has been found to 
transfer tuberculin sensitivity to previously unsensitized 
individuals. 

6. Others. Several other lymphokines, including 
lymphotoxins that kill tumor cells in vitro and permea- 
bility increasing factors, have been described. 


T Cell-Mediated Cytotoxicity 


Cytotoxicity signifies a lethal effect on a cell, and 
in its most severe form leads to cell lysis, or cytolysis. 
We have seen that in Type II antibody-mediated cyto- 
toxic reactions, circulating antibody can coat cell-surface 
antigens and result in either phagocytosis of the cells 
by macrophages or their lysis by way of the complement 
system. It has also been noted that antibody-dependent 
cytotoxicity (ADCC) can be effected by monocytes, 
neutrophils, eosinophils, and K cells. NK cells are 
known to be cytotoxic to tumor cells without previous 
immunization. Here we will consider yet another form 
of cytotoxicity in which sensitized T cells kill antigen- 
bearing target cells. 

In response to certain antigens including virus- 
infected cells, tumor cells, and incompatible (allogeneic) 
tissue cells, the immune system responds by the gen- 
eration of cytotoxic T cells (CTLs). The process of CTL 
generation is complex and still incompletely understood. 
Some aspects of this process are considered later in 
relation to rejection of organ transplants. We do know, 
however, that cytotoxic T cells and their precursors 
belong to a distinct subset of T cells characterized by 
the presence of OK T5/T8 antigens on their surface. 
The process of T cell-mediated lysis is initiated by the 
recognition of a cell-surface antigen by the correspond- 
ing receptor on the CTL. In this process, the CTL 
binds avidly and specifically to its target cell and then 
delivers a somewhat mysterious lytic signal, which leads 
eventually to permeability changes in the target cell 
membrane. Progressive damage to the target cell mem- 
brane finally leads to its rupture. The CTL itself survives 
the encounter and is then recycled to kill other target 
cells. It should be remembered that CTL-mediated 
cytolysis is highly specific and that adjacent (“innocent 
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bystander’) cells are not damaged. Critical to such 
specificity is the ability of CTLs to recognize the cells 
bearing the appropriate target antigens. It is now abun- 
dantly clear that cell-surface HLA antigens play an 
extremely important role in the process by which CTLs 
recognize their target cells. For example, CTL gener- 
ated during a virus infection can recognize the virus- 
infected cell only in association with self cell-surface 
HLA antigens.”’ To explain this phenomenon of HLA- 
restricted killing it has been suggested that infection of 
a cell with virus leads to alterations in the cell-surface 
HLA antigens; the modified HLA antigens differ from 
normal self-HLA antigens (“altered self”) and so evoke 
cytotoxic T cells capable of recognizing “altered self” 
and thereby killing the virus-infected target cells (Fig. 
5-3). The lysis of virus-infected cells by CTL prior to 
the synthesis of new virions can lead in due course to 
elimination of the viral infection. Tumor antigens ex- 
pressed on the cancer cells may also be viewed as 
modified self-antigens, thus evoking a CTL response 
that may contribute to immunosurveillance (p. 258). 


TRANSPLANT REJECTION 


Transplant rejection is discussed here because it 
appears to involve several of the hypersensitivity reac- 
tions discussed above. One of the goals of present-day 
immunologic research is successful transplantation of 
tissues in humans without immunologic rejection. Al- 
though the surgical expertise for the transplantation of 
skin, kidneys, heart, lungs, liver, spleen, bone marrow, 
and endocrine organs is now well in hand, it regrettably 
outpaces thus far our ability to confer on the recipient 
permanent acceptance of foreign grafts. Although ad- 
vances in transplantation biology have increased our 
ability to achieve better matches between the tissue 
antigens in donors and recipients, much remains to be 
done. Histocompatibility, a concept necessary for an 
understanding of transplant rejection, was reviewed 
earlier (p. 160). Here we shall cover the mechanisms 
involved in rejection and the anatomic changes and 
patterns of rejection injury. 

MECHANISMS INVOLVED IN REJECTION. Graft rejec- 
tion depends on recognition by the host of the grafted 
tissue as foreign. The antigens responsible for such 
rejection in humans are those of the major histocom- 
patibility antigen system (HLA). Rejection is a very 
complex process in which both cell-mediated immunity 
and circulating antibodies play a role; moreover, the 
relative contribution of these two mechanisms to rejec- 
tion varies among grafts and is often reflected in the 
histology of the rejected organs. 

T Cell-Mediated Reactions. The critical role of T 
cells in transplant rejection has been documented both 
in humans and in experimental animals. But how do T 
lymphocytes cause graft destruction? Both generation of 
CTL and delayed hypersensitivity reactions (discussed 
earlier) seem to be involved (p. 169). The generation of 
CTL and antibodies in response to allogeneic HLA 
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Figure 5-10. Schematic representation of the possible mechanisms and interactions involved in the 
immunologic destruction of a histoincompatible tissue graft. Both class | and class Il antigens are 


represented on parenchymal cells for simplicity. TH 


precursors. 


antigens is depicted schematically in Figure 5-10. The 
T cell-mediated reaction is initiated when the recipi- 
ents lymphocytes encounter the donor's HLA antigens. 
The presentation of the foreign HLA antigens may take 
place within the grafted organ (as depicted) or after the 
shed donor antigens are carried to the regional lymph 
nodes. It is believed that the donor lymphoid cells 
(“passenger lymphocytes) and dendritic cells contained 
within the graft are the most important immunogens, 
since they are rich in both class I and class II antigens. 
Two distinct subsets of T cells are involved in the 
generation of CTL. The OK T4—-positive T-helper cells 
(TH) are triggered into proliferation by recognition of 
the HLA-D specificities, in a manner similar to the 
mixed lymphocyte reaction in vitro (p. 161). At the 
same time, OK T5/8—positive precursors of CTL (“pre- 
killer T cells”), which bear receptors for class I antigens, 
differentiate into mature CTLs. The differentiation of 
CTLs from their precursors is greatly augmented and 
facilitated by soluble “helper factors” secreted by the 
proliferating T-helper cells. The mature CTLs so gen- 
erated are specifically directed against the donor's class 
I HLA antigens and can therefore lyse virtually any 
nucleated cell within the graft. In addition to the specific 
cytotoxic T cells, sensitization also leads to the genera- 
tion of OK T4-positive, lymphokine-secreting T cells, 
which in turn recruit macrophages as well as other 
lymphocytes (not shown in Fig. 5-10). This scheme of 
events has been pieced together mostly from experi- 
mental studies in vitro and is supported by recent 


= T-helper cells; TK = T-killer cells and their 


observations in humans. In one study, T4- and T5/T8- 
positive T lymphocytes could be aeched in rejected 
skin transplants by the use of monoclonal antibodies 
and immunoperoxidase techniques.”> However, it is still 
not clear which of the two mechanisms, cytotoxicity by 
OK T5/8 CTL or the inflammatory response (delayed 
hypersensitivity) induced by OK T4—positive cells. 
more important in vivo. Furthermore, whether the 
primary targets of CTL in vivo are parenchymal cells or 
blood vessels is also debatable. Although it is generally 
assumed that direct parenchymal cell destruction by 
CTLs is the major cause of organ failure, some studies 
suggest that, at least in the case of skin grafts, ischemia 
resulting from vascular damage may precede direct lysis 
of the parenchymal cells.” 

Antibody-Mediated Reactions. Earlicr studies sug- 
gested no role for humoral antibody, since transplanta- 
tion immunity could not be transferred by serum. It is 
now thought, however, that humoral responses are 
important in at least two types of rejection in human 
kidney transplant recipients: 

(1) Preformed circulating antibodies occur in trans- 
plant recipients who have encountered the foreign an- 
tigen before transplantation. This may occur as a result 
of presensitization of a recipient by blood transfusions, 
previous pregnancies, or infections with HLA cross- 
reacting bacterial or virus-surface antigens. In this cir- 
cumstance, rejection occurs almost immediately after 
transplantation owing to the fixation of circulating anti- 
donor antibody to the vascular bed of the graft. The 


antigenic components of endothelial cells are the initial 
point of contact of the host immune recognition and 
effector mechanisms. The resulting reaction is termed 
“hyperacute rejection.” The antidonor antibodies re- 
sponsible for hyperacute rejection may be directed 
against HLA or blood-group antigens. Recent evidence 
suggests that certain non-HLA antigens present only on 
endothelial cells, and monocytes may also be relevant. 

(2) In recipients not previously sensitized to trans- 
plantation antigens, exposure to the class I and class II 
HLA antigens of the donor may evoke antibodies, as 
depicted in Figure 5-10. The antibodies formed by the 
recipient may cause injury by several mechanisms in- 
cluding complement-dependent cytotoxicity, antibody- 
dependent cell-mediated cytolysis, and the deposition 
of antigen-antibody complexes. The initial target of these 
antibodies in rejection appears to be the graft vascula- 
ture. Thus, antibody-dependent rejection phenomena 
in the kidney are reflected histologically by a vasculitis, 
sometimes referred to as “rejection vasculitis.” The 
interaction of specific antibody with antigen initiates 
complement-dependent tissue injury and triggers other 
mediators of ae eecaenes namely, platelet aggregation 
and release and neutrophil lysosomal leakage as well as 
coagulation, fibrinolysis, and activation of the kinin 
cascade (p. 53).°° #! 

MORPHOLOGY OF REJECTION REACTIONS. In the 
past, two morphologic patterns of rejection were rec- 
ognized, based on the intensity of the reaction. First- 
set rejection applied to the initial rejection of a skin 
allograft, while second-set rejection designated a rejec- 
tion of a second skin allograft from the same donor to 
the same recipient. Since it is now appreciated that a 
potential recipient can become sensitized by other path- 
ways, such as pregnancy, this older terminology has 
been replaced by the terms “hyperacute, acute, and 
chronic rejection.’ *! The morphologic changes in these 
patterns will be described as they relate to renal trans- 
plants. Similar changes are encountered in any other 
vascularized organ transplant. 


Figure 5—11. Glomerulus shows marked dilation of hilar arteriole 
and glomerular capillaries, which are filled with red cells, plate- 
lets, and occasional neutrophils. Vascular endothelium is focally 
absent. (Courtesy of Dr. G. J. Busch.) 
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Hyperacute Rejection. This form of rejection is due to 
the presence in the recipient of preformed circulating anti- 
bodies directed against donor-specific antigens. It usually 
occurs within minutes after transplantation and can be rec- 
ognized by the surgeon just after the graft vasculature is 
anastomosed to the recipient’s. In contrast to the nonreject- 
ing kidney graft, which rapidly regains a normal pink coior- 
ation and normal tissue turgor and promptly excretes urine, 
a hyperacutely rejecting kidney rapidly becomes cyanotic, 
mottled, and flaccid and may excrete a mere few drops of 
bloody urine. In some cases, the process occurs more slowly 
over a period of hours or one to two days. This variation in 
onset appears to relate directly to the recipient's titer of 
circulating cytotoxic complement-dependent antibody. The 
histologic lesions are characteristic of the classic Arthus 
reaction. In the first hour, increased numbers of neutrophils 
are present on the arteriolar endothelium and within the 
glomerular and peritubular capillaries. Immunoglobulin and 
complement deposit in the vessel wall, and electron micros- 
copy will disclose early endothelial injury together with fibrin- 
platelet thrombi. These early lesions point to an antigen- 
antibody reaction at the level of vascular endothelium. 
Subsequently these changes become diffuse and intense, 
the glomeruli undergo thrombotic occlusion of the capillaries, 
and fibrinoid necrosis occurs in arterial walls (Fig. 5—11). 
The kidney cortex then undergoes outright infarction necro- 
sis, and such nonfunctioning kidneys are eventually re- 
moved. Fortunately, cross-matching of the donor's lympho- 
cytes with the recipients’ serum prior to transplantation has 
diminished the incidence of this dramatic complication. 

Acute Rejection. This may occur within days of trans- 
plantation in the untreated recipient or may appear suddenly 
months or even years later, when immunosuppression has 
been employed and terminated. As suggested earlier, acute 
graft rejection is a combined process in which both cellular 
and humoral tissue injury play parts. In any one patient, one 
or the other mechanism may predominate. Histologically, 
humoral rejection is associated with vasculitis, whereas 
cellular rejection is marked by an interstitial mononuclear 
cell infiltrate. 

Acute cellular rejection is most commonly seen within 
the initial months after transplantation and is often accom- 
panied by the abrupt onset of clinical signs of renal failure. 
Histologically, there may be extensive interstitial mononu- 


474 DISEASES OF IMMUNITY 


clear cell infiltration and edema, as well as mild interstitial 
hemorrhage (Fig. 5-12). In man, the mononuclear cell infil- 
trate consists primarily of medium-sized and small lympho- 
cytes along with some large “transformed” lymphocytes, 
which have abundant basophilic cytoplasm and a vesicular 
nucleus. Some plasma cells can also be identified, especially 
in long-standing cases. Glomerular and peritubular capillar- 
ies contain large numbers of mononuclear cells that may 
also invade the tubules, causing focal tubular necrosis. The 
recognition of cellular rejection is important since, in the 
absence of an accompanying arteritis, patients respond 
promptly to immunosuppressive therapy. 

Acute rejection vasculitis (humoral rejection) is seen 
most commonly in the first few months after transplantation 
or when immunosuppressive therapy is discontinued. Such 
patients show immediate and persistent poor function of the 
graft and do not respond to high-dose immunosuppressive 
therapy. The histologic lesions consist of necrotizing vas- 
culitis with endothelial necrosis; neutrophilic infiltration; dep- 
osition of immunoglobulins, complement, and fibrin; and 
thrombosis. The process may evolve to extensive glomerular 
necrosis and cortical arteriolar thrombosis, with resulting 
cortical infarction. Almost all these patients will also have 
evidence of acute cellular rejection. More common than this 
acute type of vasculitis is so-called subacute vasculitis, 
which is also seen in greatest intensity during the first months 
after transplantation. Clinically, patients with subacute vas- 
culitis have a course punctuated by repeated episodes of 
clinical rejection with altered renal function. The arterial 
lesions are rather characteristic. The major alterations are 
in the intima, which is markedly thickened by a cushion of 
proliferating fibroblasts, myocytes, and foamy macrophages, 
often leading to luminal narrowing or obliteration. The thick- 
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Figure 5—12. Acute cellular rejection of a renal allograft manifested 
by a diffuse interstitial mononuclear cell infiltrate and interstitial 


edema with separation of tubules. (Courtesy of Dr. G. J. Busch.) 


e 
+ es Ry + > & KG oe 
NV eae a a 
at pias ie 
ates See” FAL oe 
ay PRS me) % z é: b> 
me ae a > ae DEE EE. 
eee : ‘ 
be fee 4 % ee! 
en Ber E X ‘ = 
Res tS ay, 
a tenet oS es" 
CH * Sow td e a4 
é pa fee : Paty Sagi i 
Pals ile SS a: 
ee wes y « ayy Rent aN 
? * wy Woe ge, 
Of - MISRVA ase lg f 
el SP ee OG, 
Me | Wet ee 7 -) sf 
Ph a <r “fs * £ pe 2 She 
Pata ies RS et ao hy Na Oh 
Sette oe BEING AS GY 
Pater ge Byers “wit Je 
ot OY rb Gt oR me: 
fe +h Ps ‘ge 4 Dees se 
1 be Ore Sg ee. gee 
RS at peas ay , eS ° ae? 
nw, & é é £ ote? 4 333% 
Pa’s ee Ae ee oe Bogs ann 
e 8 § y y . 
ghee 4g S94) pesos : 
Np et *y 2. dhe Cas Ser “% 2" e: 
of 7e Lx ey 53" Fig eoh j heh co See, 
. ‘al : RE Pe S. 
re eRe sy 4 ere ai “e te 
wai es He Wd . ge Gh 
ig Saye. mike § A. LP ian BY 32 A Kind MY ig } \ ce Smet o 84g 
ar a | &% Py. ant AUS " rot J IP Se 0 Rage é aA « 
"et i ESC Py ‘of $i dae ah gh ta me” 
La SET ep RNB FS pe ee ee 
¢ m 3% rh < ' Pe ss * a9 ele eas ee ae De . ea c « @ bd 
& OP 00 Yee ° ? Re od ~O. ® LoS ated bal 5 1 Pe oF itp aie a? 
<<”) Ss &° ee Adee 0 pated oe, Ps ae oat ae 4 a 
oe te SSS Leek Nee anh airy ee Beate 
é teow Pere; dats ee es ef Pe ae Ne 1 eve t ES 
aio be epee TS eee Be neh me 2G MAS tte Se Ore 
Ps ‘: be os re tT RES 7m, a eh" Foy & : % Ras bat 1 *§ sh 
2, “4, Sime qe. & ae &, “ys + Rt »: ¢ bv He wt . pes Po* r elle ory ab | dee 
at “eve MELE @ ae a Sad “es 9% > 2 Ore se "ows? x ite rt ei "eNe ; 
sd * - R fe & ae, e 
fant apts PES ote on Rake Ta 
Wore es | Ea ef PF Meee aE 
$s ‘ i’ roe spr eome, attr. i tees, 2 oe al ¢. wf, ry wee 
. : . NA¢ LB cA. “a % * } ‘e- Toe 
ae . tee as 2 “erat Se t+ Fa é 8a, Ree = *% Ss ¢ ® a Ny 
SETA eee Tay he or gL YS Gy 
a 6 * ‘ te 3 4 r 
Be tpn en a eg Bian MEO © A SM Sites EM: 
‘ ws, ~ ba wage? : pete aA eo @: ee jig & *, id nae ie % 
a ‘ ~~. re 3 3 . 4 
Me ESR ey AM Mice 1 LP ath ee 
€ OT Se Mer | ee “oa. ry sv 40 AE, af aes @e ti 
0, i Wer. Sanvciae side S gy x a F fy #43. er ‘, 
oe a> ¢8 Mebretnd MU $ Beate q at i Beas opis oS Pa 8 . 
oa? wee ne Ce Ga Fe Da eh eee Bee ae OF. 


Figure 5—13. Chronic transplant rejection of kidney. There is marked 
tubular atrophy, increased interstitial fibrosis, and mononuclear cell 
infiltration. The vessel at left center has a markedly thickened wall 
with virtual obliteration of the lumen. The glomeruli show some 
ischemic axial thickening. 


ened intima may be infiltrated by scattered neutrophils and 
mononuclear cells, and the walls of most of these arteries 
show deposits of immunoglobulin and complement. 

Chronic Rejection. Since most instances of acute graft 
rejection are more or less controlled by immunosuppressive 
therapy, chronic changes are commonly seen in the renal 
allograft (Fig. 5-13). Patients with chronic rejection present 
Clinically with a progressive rise in serum creatinine (an 
index of renal dysfunction) over a period of four to six 
months. The vascular changes consist of dense intimal 
fibrosis, principally in the cortical arteries, the lesion probably 
being the end stage of the proliferative arteritis described in 
acute and subacute stages. These vascular lesions result in 
renal ischemia manifested by glomerular ischemic simplifi- 
cation and obsolescence, interstitial fibrosis and tubular 
atrophy, and shrinkage of the renal parenchyma. The decline 
in renal function is proportional to the degree of interstitial 
fibrosis and tubular atrophy. An acute arteritis may some- 
times be superimposed on the chronic lesions, and in these 
instances immunoglobulin and complement are present, 
Suggesting a humoral rejection crisis. Together with the 
vascular lesions, chronically rejecting kidneys usually have 
interstitial mononuclear cell infiltrates containing large num- 
bers of plasma cells and numerous eosinophils. This is taken 
as an indication of chronic cell-mediated rejection, but in 
truth it must be said that differentiation of the pathogenetic 
mechanisms in chronic graft rejection is much more difficult 
than it is in the acute forms and is further complicated by 
the contribution of ischemic damage to progressive renal 
dysfunction. 

The glomeruli in chronic graft rejection show no consis- 
tent pattern of injury. They may be entirely normal in ap- 


pearance, or may show ischemic changes, while some may 
show extensive widening of the subendothelial spaces by 
deposits of amorphous, relatively electron-lucent material, 
believed to represent, in part, degradation products of fi- 
brin.*2-** In some patients these late glomerular changes 
may be difficult to distinguish from recurrent glomerular 
disease. 


METHODS OF INCREASING GRAFT SURVIVAL 

1. Since HLA antigens are the major targets in 
transplant rejection, minimization of the HLA disparity 
between the donor and recipient would be expected to 
influence graft survival. Historically, attempts at reduc- 
ing donor-host histoincompatibility have involved 
matching for class I antigens, since serologic typing for 
class II antigens has not been widely available. Indeed, 
in the case of intrafamilial (related donor) kidney trans- 
plants, a markedly beneficial effect of matching for class 
I antigens has been observed. For example, HLA- 
identical sibling transplants have survival rates of about 
90% at three years, whereas the graft survival is reduced 
to 75% if the donor and recipient share only one 
haplotype. These strikingly beneficial effects of matching 
are not seen in the case of cadaver renal transplants. 
Thus, there is only 10 to 15% better graft survival when 
donor and recipient are matched fully for class I antigens 
(HLA-A and -B) as compared with totally unmatched 
combinations. The reasons for this disparity between 
matched intrafamilial and cadaveric renal grafts can best 
be explained in terms of the role of HLA-D/DR (class 
II) antigens in graft rejection. Within families, matching 
at the HLA-A and -B loci usually ensures matching at 
the closely linked HLA-D/DR locus, whereas this is 
much less likely when the donor and recipient are 
unrelated. This implies, then, that matching at the -D/ 
DR locus may be crucial to graft survival. Preliminary 
data obtained from several centers support this view.* 
With a combination of D/DR matching and compatibility 
for class I antigens, an 80 to 85% two-year survival of 
cadaver renal transplants is being obtained. 

2. Except in the case of identical twins, who are 
obviously matched for all possible histocompatibility 
antigens, immunosuppressive therapy is a practical ne- 
cessity in all other donor-recipient combinations. Even 
HLA-identical siblings may differ at several minor his- 
tocompatibility loci, which can evoke slow rejection. At 
present, drugs such as azathioprine, steroids, and Cy- 
closporin are commonly employed. Antilymphocyte 
globulin (ALG) is also utilized in some cases. Trials with 
monoclonal antibodies to defined T-cell subsets are also 
under way. Although immunosuppression has produced 
significant gains in terms of graft survival, it should be 
remembered that immunosuppressive therapy is like 
the proverbial double-edged sword. The price paid in 
the form of increased susceptibility to opportunistic 
fungal, viral, and other infections is not small. 

3. Paradoxical as it may seem, previous blood 
transfusions have been definitely proved to be of benefit 
in. allowing greater survival of the transplanted kidneys, 
especially in cadaver renal transplants.*° Although blood 
transfusions do carry the definite risk of presensitization, 
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such risk is small, contrary to earlier expectations. The 
exact mechanisms underlying this peculiar observation 
are unknown, but several possibilities have been sug- 
gested; these include a nonspecific decrease in cell- 
mediated immunity, activation of suppressor cells, im- 
pairment of the mononuclear phagocyte system, and 
formation of “blocking” antibodies.*’ This continues to 
be an area of active research. 

Finally, the goal of transplantation immunologists 
is to create a donor-specific transplantation tolerance, 
so as to avoid graft rejection even in the absence of 
perfect HLA-matching and without the dreadful effects 
of nonspecific immunosuppression. .Although several 
experimental models are currently being tested, the 
goal remains elusive. 

TRANSPLANTATION OF HEMATOPOIETIC CELLS. 
Mention should be made of the special features of 
transplantation of bone marrow. Use of this form of 
therapy for hematologic malignancies, aplastic anemias, 
and certain immune deficiency states is increasing. In 
most of the conditions in which bone marrow transplan- 
tation is indicated, the recipient is lethally irradiated 
either to destroy the malignant cells (e.g., leukemias) 
or to create a graft bed (aplastic anemias). Two major 
problems arise in bone marrow transplantation: graft- 
versus-host disease (GVH) and rejection of the trans- 
plant. Graft-versus-host disease occurs in any situation 
in which immunologically competent cells or their pre- 
cursors are transplanted into immunologically crippled 
recipients. Recipients of bone marrow transplants are 
immunodeficient because of either primary disease or 
prior treatment of the disease with drugs or irradiation. 
When such recipients receive normal bone marrow cells 
from allogeneic donors, the immunocompetent T cells 
derived from the donor marrow recognize the recipient's 
tissue as “foreign” and react against them. The relevant 
antigens, as might be expected, belong to the HLA 
complex. Antirecipient CTL as well as lymphokine- 
producing T cells are generated. Although any organ 
may be affected, the predominant clinical manifestations 
of GVH relate to the involvement of skin, liver, and 
intestinal mucosa. GVH disease and its attending com- 
plications, mainly infections, are often lethal; better 
matching of the donor and recipients at the HLA locus 
reduces the possibility of a GVH reaction. Another 
approach, which has been quite successful in mice, is 
to remove all the mature T cells from the donor bone 
marrow prior to transplantation. This can be achieved 
by pretreating the bone marrow cells with anti—T cell 
antibodies and complement. A similar procedure is now 
being tested in humans.** | 

Even in those cases in which GVH disease is mild, 
there remains the problem of rejection of the grafted 
marrow. What effector system can reject the donor 
marrow cells in the recipients whose immune responses 
have been suppressed by lethal irradiation? The answer 
comes from experiments in mice in which it has been 
demonstrated that the cells that reject bone marrow 
transplants are resistant to acute lethal irradiation, and 
are distinct from T or B cells or macrophages. In mice, 
these cells resemble natural killer cells.°° In humans, 
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however, the mechanism of bone marrow graft rejection 
is still poorly understood, and the participation of NK 
cells is unproven. 


AUTOIMMUNE DISEASES 


The evidence is now compelling that an immune 
reaction against “self-antigens —autoimmunity—is the 
cause of certain diseases in humans.*® This concept is 
not new and dates back to at least 1904, when Donath 
and Landsteiner" described a complement-dependent 
autohemolytic serum antibody. Since then, a growing 
number of diseases have been attributed to autoimmun- 
ity (Table 5—4),” but it must be confessed that in many 
the evidence is not firm. This is because autoantibodies 
can be found in the serum or tissues of a remarkably 
large number of apparently normal individuals, partic- 
ularly in older age groups.” Apparently innocuous auto- 
antibodies are also formed following damage to tissue 
and, according to some, these serve a physiologic role 
as carriers of tissue breakdown products." Furthermore, 
recent investigations of cellular interactions involved in 
the normal immune response indicate that recognition 
of self-histocompatibility antigens is required for normal 
cell-to-cell interactions (p. 162). These observations 
indicate that some forms of autorecognition are normal 
and physiologic. How then does one define “pathologic” 
autoimmunity? 

Ideally, at least three requirements should be met 
before a disorder can be categorized as truly due to 
autoimmunity: (1) the presence of an autoimmune re- 
action, (2) clinical or experimental evidence that such a 


reaction is not secondary to tissue damage but is of 
primary pathogenetic significance, and (3) the absence 
of another well-defined cucise of the disease. Unfortu- 
nately, these requirements are met in only a few dis- 
eases such as systemic lupus erythematosus (SLE) and 
autoimmune blood dyscrasias. Most others remain in 
the category of probable autoimmune disorders until 
definitive evidence is obtained (Table 5-4). 

The autoimmune disorders form a spectrum on one 
end of which are conditions in which autoantibodies are 
directed against a single organ or tissue, therefore 
resulting in localized tissue damage. A classic example 
is Hashimoto's thyroiditis, in which the antibodies have 
absolute specificity for thyroid constituents. At the other 
end of the spectrum is SLE in which a diversity of 
antibodies result in widespread lesions throughout the 
body. In SLE, autoantibodies react with nuclear con- 
stituents of virtually every cell within the organism. In 
the middle of the spectrum falls Goodpasture’s syn- 
drome, in which antibodies to basement membranes of 
lung and kidney induce lesions and symptoms in these 
organs. It is obvious that autoimmunity implies loss of 
self-tolerance, and the question arises as to how this 
happens. Before we look for answers to this question, 
we should review the mechanisms of immunologic tol- 
erance and self-tolerance. 


IMMUNOLOGIC TOLERANCE 


Immunologic tolerance is a state in which the 
individual is incapable of developing an immune re- 
sponse to a specific antigen. Self-tolerance refers to lack 


Table 5-4. PROBABLE AUTOIMMUNE DISEASES 


Disorder 


Probable Antigen(s) 


Systemic 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Dermatomyositis 
Scleroderma 
SjOgren’s syndrome 
Mixed connective tissue disease 


Blood 
Autoimmune hemolytic anemia 
Idiopathic thrombocytopenic purpura 
Neutropenia and lymphopenia 


Other Organs 
Hashimoto's thyroiditis 
Thyrotoxicosis 
Goodpasture's syndrome 
Pernicious anemia 
Myasthenia gravis 
Primary biliary cirrhosis 
Chronic active hepatitis 
Ulcerative colitis 
Autoimmune adrenalitis 
Insulin-dependent diabetes (type !) 
Pemphigus vulgaris 
Sympathetic ophthalmia 
Temporal arteritis 
Acute idiopathic polyneuritis 
Insulin-resistant diabetes 


Numerous nuclear and cellular components 
IgG 

Nuclear antigens; myosin (7) 

Nuclear antigens; IgG 

Salivary gland; thyroid; nuclear antigens; IgG 
Ribonucleoprotein 


Erythrocyte antigens 
Platelet surface antigens 
Leukocyte surface antigens 


Thyroglobulin and microsomal antigens 
Cell-surface TSH receptors 

Kidney and lung basement membranes 
Parietal cell antigens; intrinsic factor 
Acetylcholine receptors 

Mitochondria; bile duct cells 

Liver cells, virally infected 

Colonic mucosal cells 

Adrenal cells 

Islet cell antigens 

Intercellular substance of mucosa and skin 
Uvea 

Blood vessel antigens 

Peripheral nerve myelin 

Insulin receptors 


of responsiveness to an individual's antigens, and ob- 
viously underlies our ability to live in harmony with our 
own cells and tissues. It is important to note that 
tolerance obeys the same laws of antigen specificity that 
characterize other immune responses, and thus is re- 
stricted to the antigens used to induce tolerance. The 
initial observation on tolerance underlined the impor- 
tance of maturity of the immune system in acquisition 
of self-tolerance. Owen found in 1945 that if dizygotic 
calf twins shared the same placental circulation, they 
also shared red cells and were tolerant later in life of 
each other’s red cells and tissue cells.“ If, however, 
they did not share the same circulation, red cells from 
one twin injected into the other during adult life induced 
a strong immunologic reaction. Owen correctly con- 
cluded that foreign antigens introduced into a host 
during neonatal life before maturation of the immune 
apparatus would induce life-long tolerance of these 
antigens. Thus, if the lymphoid tissues are exposed to 
foreign cells around the perinatal period, they will treat 
these as “self-components’ later in life. 

Later studies showed that adult animals can be 
rendered tolerant when the antigen is administered in 
certain forms or doses. A molecular configuration not 
conducive to easy phagocytosis favors tolerance over 
immunity; for example, monomeric (nonaggregated) bo- 
vine gamma globulin (BGG) is tolerogenic in mice, 
whereas aggregated BGG is strongly immunogenic. 
Antigen dose is also important in tolerance induction. 
Mice pretreated with repeated small doses of bovine 
serum albumin (BSA) (1 wg) or very large doses (1000 
wg) and then challenged with a highly antigenic form of 
BSA fail to produce anti-BSA antibody. Those pretreated 
with intermediate doses produce a good secondary 
response.*’ Thus, tolerance is produced both at very 
low antigen dosage (low-zone tolerance) and at very high 
antigen dosage (high-zone tolerance). 

Several mechanisms, albeit not well understood, 
have been postulated to explain the tolerant state. Two 
of these are worth consideration: 

CLONAL DELETION. According to this concept ini- 
tially developed by Burnet, immature clones of lympho- 
cytes that bear receptors for self-antigens are eliminated 
(deleted) from the lymphoid system during develop- 
ment. This seemed to be a reasonable explanation for 
the observations made by Owen on dizygotic calf twins 
(see above) and was also supported by the Nobel prize— 
winning experiments of Medawar in which mice exposed 
to foreign histocompatibility antigens in utero became 
tolerant to them in adult life. According to this hypoth- 
esis autoimmune diseases are thought to result from the 
emergence of “forbidden clones’ of lymphocytes reac- 
tive against self-antigens, probably owing to somatic 
mutations. Although this theory has gone a long way to 
increase our understanding of immunology, it cannot 
account for all the known facts regarding tolerance. The 
strongest evidence against the clonal deletion hypothesis 
is the presence of lymphocytes in normal human beings 
and animals that bear surface receptors for autoanti- 
gens. This finding is not compatible with the deletion 
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of autoreactive clones during development. To resolve 
this dilemma, some investigators have presented a mod- 
ified version of the clonal deletion hypothesis. It is 
suggested that during development the immature B 
cells go through a phase during which contact with an 
antigen leads to functional paralysis without physical 
deletion.** According to this concept, described as 
“clonal anergy,” autoreactive lymphoid cells continue to 
exist and express receptors for self-antigens but cannot 
be triggered to form antibody. Whether or not clonal 
anergy operates in vivo to maintain self-tolerance, there 
is little doubt that in vitro immature B cells are far 
more sensitive to tolerogenic signals than adult B cells. 

SUPPRESSION OF AUTOREACTIVE LYMPHOCYTES. Al- 
though some form of clonal deletion or anergy may 
indeed contribute to maintenance of self-tolerance, sev- 
eral lines of evidence suggest that additional “fail-safe” 
mechanisms must also be involved. A most compelling 
argument derives from the ease with which autoanti- 
bodies can be formed in humans during a number of 
infectious processes in vivo and by stimulation of B cells 
in vitro. In several experimental models, autoimmune 
disorders can be readily induced by immunization with 
autoantigens. It seems highly unlikely that infectious 
agents and immunization protocols can readily trigger 
immunocompetent autoreactive cells if they do not 
already exist in vivo. These observations can most 
readily be explained if one assumes that functionally 
competent autoreactive cells are normally present and 
that self-tolerance is maintained by mechanisms that 
actively suppress immune responses against self. Notice 
that this concept differs from clonal anergy in that the 
autoreactive cells are believed to be intrinsically capable 
of responding unless restrained by suppressor mecha- 
nisms. Several such suppressor mechanisms have been 
proposed: 

Suppressor Cells. T cells capable of suppressing the 
response of T-helper cells and B cells are generated 
during the course of immune response to a variety of 
heterologous antigens. It is believed that T-suppressor 
cells are part of the normal regulatory circuits, which 
control the magnitude and the duration of an immune 
response.*® It has also been suggested that one of the 
physiologic functions of T-suppressor cells may be to 
prevent autoimmune reactions. Loss of suppressor 
cells might then lead to immune reactions against “self.” 
The association between loss of T-suppressor cells and 
the emergence of autoimmunity in some human autoim- 
mune diseases (p. 183) and in experimental models 
supports this concept of self-tolerance. 

Suppressive Factors in Serum. In many experimen- 
tal models, immune complexes formed in antibody 
excess can suppress an ongoing immune response.” 
Several mechanisms have been suggested including: (1) 
masking of the antigen by excess antibody, thus pre- 
venting further interaction with antigen receptor—bear- 
ing lymphocytes; (2) binding of the immune complexes 
to T-suppressor cells that bear an IgG Fc receptor, thus 
activating the suppressor T-cell circuit; and (3) blocking 
the activity of cytolytic T cells by binding of the circu- 
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lating antigen-antibody complex to the antigen receptor 
on the T-cell surface. In addition to immune complexes, 
humoral antibodies directed against the antigen-combin- 
ing site of the T-cell receptor (anti-idiotypic antibodies), 
could combine with, and thereby block, the antigen 
receptor of autoreactive lymphocytes. Some or all of 
these mechanisms not only could be involved in re- 
straining immune response against self, but also might 
contribute to the failure of immune surveillance against 
tumor cells. 

In closing this discussion it should be pointed out 
that the concepts of clonal deletion and peripheral 
suppression should not be viewed as mutually exclusive. 
Prevention of autoreactivity is such an important “goal” 
for the body that it is likely to involve a series of 
mechanisms. According to one view, clonal anergy may 
be the major mechanism of self-tolerance in the neonatal 
state. However, since approximately 10" new lympho- 
cytes (some potentially autoreactive) are generated 
every day during adult life, it is conceivable that at least 
some of the autoreactive lymphocytes may “leak” 
through the barrier exerted by clonal anergy. These 
would then have to be restrained by the suppressor 
influences. Self-tolerance is so vital that it would not be 
surprising if there were several lines of defense to 
maintain it.*! 

CELLULAR BASIS OF TOLERANCE. To understand 
the cellular basis of tolerance, one must recall that the 
antibody response against several antigens requires the 
cooperation of T-helper cells with antibody-secreting B 
cells. In this process the T-helper cells recognize the 
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carrier determinants, whereas the B cells recognize the 
haptenic determinants and form antihapten antibodies 
(Fig. 5-14). It follows then that, regardless of the 
mechanism (i.e., clonal anergy or suppressor influ- 
ences), tolerance can be maintained if either the T- 
helper cells or B cells (or both) are rendered inactive. 
Indeed, experiments performed by Weigle indicate that 
both T-helper cells and B cells can be rendered tolerant 
under appropriate conditions.” T and B cells differ with 
respect to the dosage of antigen required to induce 
tolerance and the escape from the tolerant state. In 
general, T-helper cells are easily rendered tolerant with 
small doses of the antigen (low-zone tolerance) and the 
tolerance is long-lasting. On the other hand, B-cell 
tolerance requires exposure to larger amounts of antigen 
and is relatively short-lived. In the case of self-tolerance 
it is proposed that the inability to respond results from 
T-cell tolerance, whereas B cells are fully competent. It 
follows, therefore, that if the nontolerant B cells could 
be activated, autoimmunity might result. This and other 
mechanisms of autoimmune diseases will be discussed 
next. 


MECHANISMS OF AUTOIMMUNE DISEASES 


Although it would be attractive to explain all au- 
toimmune diseases by a single mechanism, it is now 
clear that there are a number of ways by which tolerance 
can be bypassed, thus terminating a previously unre- 
sponsive state to autoantigens. More than one defect 
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Figure 5—14. Low-zone tolerance and its breakdown by modification of the native carrier determinant. 
The altered carrier is recognized by nontolerant T-helper cells. 


might be present in each disease, and the defects will 
vary from one disorder to the other. Further, the 
pathogenesis of autoimmunity appears to involve im- 
munologic, genetic, and viral factors interacting through 
complicated mechanisms that are poorly understood. 
Here we can only scratch the surface of the rapidly 
evolving area of investigation into the mechanisms of 
autoimmunity. We will first discuss the initiating im- 
munologic mechanisms and then briefly review the role 
of genetic and viral factors. 

The initiating mechanisms in autoimmunity can 
best be understood in terms of those discussed for 
tolerance. Three general mechanisms for loss of self- 
tolerance have been postulated: 

Bypass of T-helper Cell (Low-Zone) Tolerance. It 
can be deduced from our discussion of low-zone toler- 
ance that it may be broken if T-cell tolerance for the 
carrier is lost or bypassed (Fig. 5-14). Bypass can be 
accomplished experimentally in several ways, some of 
which may have relevance to human autoimmunity. 


1. Modification of the molecule. If a potentially autoan- 
tigenic determinant (hapten) is complexed to a new 
carrier, the carrier part of the complex may be 
recognized by nontolerant T cells as foreign. The 
latter would then cooperate with hapten-specific B 
cells, leading to the production of autoantibodies. 
This modification of the molecule could arise in 
several ways: 

a. Complexing of Self-Antigens With Drugs or Mi- 
croorganisms. Autoimmune hemolytic anemia as- 
sociated with drugs (e.g., antihypertensive agent 
alpha-methyldopa) may be due to an alteration of 
the red cell surface, thus providing a new carrier 
for an Rh antigen-hapten that stimulates B cells. 

b. Partial Degradation of Autoantigen. This could 
expose new antigenic determinants. Thus, par- 
tially degraded collagen and enzymatically altered 
thyroglobulin or gamma globulin are more im- 
munogenic than the native species. The autoanti- 
bodies to gamma globulin (rheumatoid factor) 
induced during some bacterial, viral, and parasitic 
infections may well be due to alterations of gamma 
globulin by either the microorganisms or lysoso- 
mal hydrolases. 

2. Cross reactions. Several infectious agents cross-react 
with human tissues through their haptenic determi- 
nants. The infecting microorganisms may trigger an 
antibody response by presenting the cross-reacting 
haptenic determinant in association with their own 
carrier to which the T-helper cells are not tolerant. 
The antibody so formed may then damage the tissue 
that shares the cross-reacting determinants. There is 
evidence that rheumatic heart disease sometimes 
follows streptococcal infection because an antibody 
to streptococcal M protein cross-reacts with the M 
protein in the sarcolemma of cardiac muscle. 

3. Polyclonal B-cell activation. Another mechanism by 
which the T-cell tolerance may be bypassed is 
through the direct activation of autoreactive B cells. 
Several microorganisms and their products are ca- 


179 


Autoimmune Diseases 


pable of causing polyclonal (i.e., antigen nonspecific) 
activation of B cells.*? The best investigated among 
these is bacterial lipopolysaccharide (endotoxin), 
which can induce mouse lymphocytes to form anti- 
DNA, antithymocyte, and anti—-red cell antibodies in 
vitro. Epstein-Barr virus (EBV) is another potent 
stimulator of B cells and is suspected to be associated 
with rheumatoid arthritis, as we shall discuss else- 
where (p. 1351). It should be pointed out that the 
B-cell activation observed in human and animal 
models of autoimmune diseases could also result from 
genetically determined, intrinsic B-cell abnormalities 
or loss of T-suppressor cell influence. These are 
discussed below. 


Loss of T-suppressor Function. It may be expected 
from our discussion of T-suppressor cells that any loss 
of suppressor T-cell function will contribute to autoim- 
munity. Experimental evidence, indeed, suggests that 
this is true. For example, following early thymectomy, 
which depletes T cells, leghorn chickens develop a more 
severe form of autoimmune thyroiditis than would occur 
spontaneously. There is also evidence for an age-asso- 
ciated loss of T-suppressor cells in the NZB/NZW (F1) 
mice, which develop an autoimmune disease similar to 
SLE as they age. Defects in T-suppressor cell function 
and/or numbers have also been reported in human SLE 
and several organ-specific autoimmune disorders.™ * 
However, as we shall discuss later (p. 183), it is not yet 
resolved whether the abnormalities of T-suppressor cells 
are critical in the initiation or maintenance of autoim- 
munity. 

Emergence of a Sequestered Antigen. Regardless of 
the exact mechanism by which self-tolerance is achieved 
(clonal deletion or suppressive influences), it is clear 
that induction of tolerance requires interaction between 
the antigen and the immune system. It follows, then, 
that any self-antigen that is completely sequestered is 
likely to be viewed as foreign if introduced into the 
circulation, and an immune response will follow. Sper- 
matozoa, myelin basic protein, and lens crystallin may 
fall into this category of sequestered antigens. Indeed, 
trauma to the testes involving the release of sperm into 
the tissues is followed by the appearance of antibodies 
to spermatozoa.” Injection of the basic protein of myelin 
into rats results in so-called allergic encephalomyelitis. 
Seductive as this theory may be, it is probably not a 
major mechanism of autoimmune reactions in humans 
and is applicable only to the special situations cited 
above. 

Several other immunologic abnormalities, including 
thymic defects and defects in macrophages, have also 
been implicated in loss of self-tolerance. For a discussion 
of these, the reader is referred to a recent review.* 

GENETIC FACTORS IN AUTOIMMUNITY. There is com- 
pelling evidence, both in laboratory animals and in 
humans, that genetic factors determine the incidence 
and the nature of autoimmune diseases.*’ A familial 
increased incidence of several autoimmune diseases, 
such as SLE, Hashimoto's thyroiditis, and pernicious 
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anemia, has been noted, and it is strongly suspected 
that at least some of the genes conferring susceptibility 
(or resistance) to autoimmune diseases are located within 
the HLA complex. Many autoimmune disorders show 
associations with HLA antigens, in particular those 
coded by the -D/DR locus (p. 162). You may recall that 
this locus is homologous to the murine I region where 
several immune response (Ir) genes have been mapped. 
Indeed, one mechanism of the association may be that 
certain HLA-linked Ir genes regulate the magnitude of 
the autoantibody response. In mice, immune responses 
to a variety of autoantigens such as thyroglobulin, in- 
sulin, collagen, and myelin basic protein are regulated 
by Ir genes. Since the HLA genes are involved in the 
regulation of lymphocyte interactions (p. 162), it is also 
conceivable that their effects are manifested through 
aberrant immunoregulation (e.g., T-suppressor cell 
function). 

VIRUSES IN AUTOIMMUNITY. Evidence for viral in- 
volvement in autoimmune diseases comes principally 
from study of the spontaneous autoimmune disease of 
NZB mice. Additional evidence, however, derives from 
studies on virally induced experimental demyelinating 
diseases of the nervous system (e.g., Marek’s disease of 
chickens), which bear a strong resemblance to human 
neurologic disorders such as postinfectious encephalo- 
mvelitis.” 

Viruses theoretically may trigger autoimmune re- 
actions in several ways. First, viral antigens and autoan- 
tigens may become associated to form immunogenic 
units and bypass T-cell tolerance, as described earlier 
(p. 179). Second, some viruses (such as EBV) are 
nonspecific, polyclonal B-cell mitogens and may thus 
induce formation of autoantibodies. Third, viral infection 
may result in loss of suppressor T-cell function by 
mechanisms that at present are not entirely clear. To 
present the other side of the coin, there are those who 
believe that the presence of viruses in autoimmune 
diseases is merely another consequence of the genetic 
defects in immune regulation rather than the cause of 
autoimmunity.” (See also p. 182.) 

It must be obvious that there is no dearth of 
speculation about the origins of autoimmunity and that 
all theories are built on fragmentary observations held 
together by gossamer threads. However, it is likely that 
the tremendous advances now being made in_ basic 
immunology will soon separate fact from fancy. 

MECHANISMS OF TISSUE DAMAGE IN AUTOIMMUNE 
DISEASES. Theoretically, autoimmune tissue injury 
could be mediated by antibodies or by T cell-mediated 
reactions. However, at present there is much better 
evidence for the participation of antibodies in autoim- 
mune tissue injury. This may relate in part to the 
relative ease with which antibodies can be detected. 
Both Types IT and III hypersensitivity mechanisms have 
been implicated. For example, opsonization and phago- 
cvtosis of red blood cells seems to be the principal 
mechanism of red cell destruction in autoimmune he- 
molytic anemia (p. 628). On the other hand, fixation of 
anti-basement membrane antibody and complement to 
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the glomerular basement membrane seems to be the 
trigger for glomerular injury in Goodpasture’s syndrome 
(p. 1010). Both of these are examples of Type II hyper- 
sensitivity. Type III reactions, initiated bv deposition 
of circulating immune complexes, are the major mech- 
anisms of tissue injury in SLE. In addition to their 
cytotoxic effects, antibodies may also induce diseases by 
a variety of other mechanisms. In one group of autoim- 
mune disorders, formation of antireceptor antibodies 
leads to a variety of disease manifestations. Included in 
this group are: (1) myasthenia gravis, in which anti- 
acetylcholine-receptor antibodies lead to impairment of 
myoneural transmission by accelerating the degradation 
or blocking of muscle acetylcholine receptors (p. 1311); 
(2) Graves disease, in which antibodies to the TSH 
receptor on thyroid cells mimic the action of normally 
activated TSH receptor, leading to hyperthyroidism (p. 
1210); and (3) certain forms of diabetes mellitus, in 
which anti-insulin receptor antibodies render the cells 
resistant to the action of insulin (p. 980). In pernicious 
anemia, on the other hand, the autoantibodies are 
formed against a biologically active molecule, the intrin- 
sic factor, which is blocked or neutralized, leading to 
impaired absorption of vitamin B,,. 

As stated earlier, the autoimmune diseases of man 
range from those in which the target is a single tissue, 
such as the autoimmune hemolytic anemias and _ thy- 
roiditis, to those in which a host of self-antigens evoke 
a constellation of reactions against many organs and 
systems. In this chapter we will deal principally with 
those presumed autoimmune diseases that are primarily 
of a systemic nature, and we will leave most single- 
tissue diseases to specific chapters throughout the book. 
For reference, however, Table 5-4 lists both systemic 
and organ-specific autoimmune disorders. 

In some of the systemic autoimmune diseases the 
lesions tend to occur in and about blood vessels, causing 
deposits of fibrinoid material, followed in time by dep- 
osition of collagen; thus, at one time they were consid- 
ered to be “collagen diseases.’ However, ultrastructural 
and biochemical studies have shown that collagen is not 
deranged in these disorders save perhaps secondarily, 
and this group of entities is now referred to by the more 
noncommittal term “connective tissue diseases.” Under 
this general term are included SLE, scleroderma, poly- 
myositis-dermatomyositis, Sjégren’s syndrome, mixed 
connective tissue disease, rheumatoid arthritis, and 
polyarteritis nodosa and its variants. Polvarteritis, how- 
ever, is probably not of autoimmune origin and _ is 
discussed later with other diseases of blood vessels. 
Rheumatoid arthritis will be discussed in Chapter 28. 


SYSTEMIC LUPUS ERYTHEMATOSUS (SLE) 


Systemic lupus erythematosus is the classic proto- 
type of the multisystem disease of autoimmune origin, 
characterized by a bewildering array of autoantibodies, 
particularly antinuclear antibodies. Acute or insidious 
in its onset, it is a chronic, remitting and relapsing, 


often febrile illness characterized principally by injury 
to the skin, joints, kidney, and serosal membranes. 
Virtually every other organ in the body, however, may 
also be affected. At one time SLE was thought to be a 
fairly rare disease, but improved methods for detecting 
antinuclear antibodies have shown it to be as prevalent 
as one in 2000.° SLE is predominantly a disease of 
women (female:male ratio of 9:1) and usually arises in 
the second and third decades, but may become manifest 
at any age, even in early childhood.” 

ETIOLOGY AND PATHOGENESIS. Although the etiol- 
ogy of SLE remains unknown, the appearance of the 
limitless number of antibodies in these patients against 
self-constituents indicates that the fundamental defect 
in SLE is a failure of the regulatory mechanisms that 
sustain self-tolerance. Antibodies have been identified 
against an array of nuclear and cytoplasmic components 
of cells that are neither organ- nor species-specific. 
Apart from their value in the diagnosis and management 
of patients with SLE, these antibodies are of major 
pathogenetic significance, as, for example, in the im- 
mune complex—mediated glomerulonephritis so typical 
of this disease. 

Antinuclear antibodies (ANA) are directed against 
deoxyribonucleoprotein, double- and _ single-stranded 
DNA, RNA and RNA-associated proteins, histone, nu- 
cleoli, and a soluble non-nucleic acid glycoprotein (Sm 
antigen). Some of these antibodies are found in other 
connective tissue disorders, but the the presence of 
antibody to native (double-stranded) DNA is virtually 
diagnostic of SLE. Several techniques are utilized to 
detect ANAs. The most commonly employed clinically 
is the immunofluorescence test for ANA (FANA). Three 
other techniques are also used: (1) the detection of 
antibodies to extractable nuclear antigens (ENA); (2) 
measurement of anti—-native DNA antibody; and (3) the 
LE cell test. The first two are becoming increasingly 
available as well as important in the diagnosis of SLE 
and other connective tissue disorders. © 

The indirect immunofluorescence test for ANA is 
positive in 99% of patients with SLE. Although this test 
is quite sensitive, it is not specific. Ten per cent of 
normal individuals have low titers of these antibodies. 
It is also positive in a number of other collagen diseases 
including Sjégren’s syndrome (68%), scleroderma (60 to 
70%), and rheumatoid arthritis (20 to 40%). A lower 
incidence is also encountered in a miscellaneous group 
of other diseases. Antibodies to many nuclear compo- 
nents may produce a positive FANA result. The pattern 
of nuclear fluorescence suggests the type of antibody 
present in the patient's serum. For instance, anti-DNA 
antibodies may ring the internal circumference of the 
nucleus and produce a “shaggy” or “peripheral” pattern. 
A “nucleolar” pattern refers to the presence of a few 
discrete spots of fluorescence within the nucleus, and 
represents antibodies to nucleolar RNA. This pattern 
has been reported most often in patients with sclero- 
derma (progressive systemic sclerosis), and when seen 
the nucleolar pattern should make one entertain this 
diagnosis. A homogeneous nuclear pattern may reflect 
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antibodies to deoxyribonucleoprotein, and speckled nu- 
clear fluorescence, to extractable nuclear antigen (ENA). 
It must be emphasized, however, that the patterns are 
not absolutely specific for the type of antibody. 

Extractable nuclear antigens consist of several an- 
tigenic components including an RNA-associated protein 
(RNP), the Sm antigen, and the SS-A and SS-B anti- 
gens. Antibodies to these antigens are determined 
either by immunoprecipitation techniques or by hem- 
agglutination, when red blood cells are coated with 
ENA. Anti-RNP antibodies in high titer are always 
present in the mixed connective tissue disease (p. 195), 
and in addition are present in 40% of patients with 
SLE. Antibodies to the Sm antigen are present almost 
exclusively in SLE (in up to 30% of cases) and often 
appear in the absence of RNP antibodies. SS-B and SS-A 
antibodies are present in some cases of SLE and in 
Sjégren’s syndrome (p. 189). 

Despite the impressive array of antinuclear auto- 
antibodies, there is no evidence that any of them are 
directly cytotoxic; indeed, their intracellular nuclear 
targets are probably inaccessible to the blood-borne 
immunoglobulins. ANA, however, are clearly responsi- 
ble for the production of the characteristic LE bodies 
and LE cells. Although the autoantibodies cannot pen- 
etrate healthy cells, they can attack the nuclei of dam- 
aged cells. Within 15 seconds of contact with ANA 
serum, nuclei in injured cells lose their chromatin 
pattern and become homogeneous. The nucleus con- 
comitantly swells and is extruded to create an LE body. 
This LE body is extremely chemotactic for phagocytes, 
and in the presence of complement it is engulfed by a 
neutrophil or macrophage to create the typical LE cell 
(Fig. 5-15). The LE cell is thus composed of an LE body 
engulfed by a phagocyte. It is rarely seen in blood 
smears, presumably because damaged nucleated cells 
are exceedingly rare in the circulating blood. In the LE 
cell test, however, the agitation of withdrawn blood 
injures a sufficient number of leukocytes to expose 
nuclei to the ANA. The LE cell test is positive in up to 
70% of patients. In tissue sections, LE bodies can be 
seen principally in the renal glomerulus and interstitium 
as round basophilic structures, also called hematoxylin 
bodies (Fig. 5-16). Although these are found in only 
20% of cases, they are pathognomonic of SLE. 

Granted all these antibodies, what initiates their 
emergence, usually in the second and third decades of 
life? The general theories of autoimmunity were de- 
scribed earlier; here we shall refer only to those relevant 
to SLE. 

Genetic Factors. As already discussed, considerable 
evidence supports a genetic prediposition to a variety 
of autoimmune diseases. The evidence for SLE is 
equally impressive. According to one study, in 66% of 
monozygotic twin pairs both members had clinical SLE, 
whereas the rate of concordance in dizygotic twins is 
about 3%. Other evidence supporting a genetic basis 
for SLE comes from the association with HLA antigens. 
In data compiled from North American Caucasian pop- 
ulations, a significant positive correlation with DR2 and 
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Figure 5—15. A cluster of LE cells (in vitro reaction) demonstrating 
homogeneous inclusions that have distorted the enclosing polymor- 
phonuclear leukocytes. 


DR3 has been noted.® In other populations, association 
with Al and B8 has been observed. However, since Al, 
B8, and DR3 are in linkage disequilibrium (i.e., tend 
to occur together more frequently than expected by 
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Figure 5-16. A hematoxylin body within the interstitium of the 


kidney, presumably a residual of a former focus of inflammatory 
activity. 
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chance), this association may not be entirely unforeseen. 
The role of the HLA genes in the pathogenesis of SLE 
can be only a matter for speculation at present. On the 
basis of our knowledge of the role of the HLA-D/DR 
region in the regulation of immune response (p. 161), 
it has been suggested that immune response genes 
linked to HLA-DR3 may allow for a generalized hyper- 
responsiveness, whereas excessive immune response to 
specific antigens such as nucleic acids may be related to 
the genes linked to HLA-DR2. Another intriguing as- 
sociation is noted between SLE and inherited deficiencies 
of complement components (especially C2 and C4). The 
fact that individuals heterozygous for C2 deficiency who 
have adequate serum complement levels also have in- 
creased incidence of SLE indicates that the level of 
complement per se is not involved in the susceptibility 
to SLE. It may be recalled that the C2 and C4 genes 
are located within the HLA region, and therefore ge- 
netically determined deficiencies of these complement 
components may merely reflect association with certain 
immune response genes. In addition to the well-known 
associations between HLA and SLE, it should be 
pointed out that two or three genes outside the HLA 
also determine susceptibility to SLE. How these mul- 
tiple genetic influences interact is unknown, although 
several interesting speculations have been made.” 

Nongenetic Factors. There are many indications 
that, in addition to genetic factors, several environmen- 
tal or nongenetic factors must be involved in the path- 
ogenesis of SLE. The most clear example of the impact 
of nongenetic factors comes from the observation that 
drugs such as hydralazine, procainamide, and D-peni- 
cillamine can induce an SLE-like response in humans.® 
Viruses have also been suspected to be the cause of 
SLE.” Most evidence stems from the study of sponta- 
neous SLE-like disease in NZB and (NZB xX NZW)F1 
hybrid mice. These mice express high levels of C-type 
viruses throughout their life, and viral antigen-antiviral 
immune complexes can be recovered from the glomeruli 
of (NZB xX NZW)F1 mice. However, careful genetic 
analyses have revealed that the presence of C-type 
viruses or virus proteins is not essential for development 
of autoimmunity in NZB mice. Viruses or viral antigens 
when present do, however, play a role in the pathogen- 
esis of tissue damage by inducing the formation of viral- 
antiviral immune complexes.” The evidence for a role 
of viruses in human SLE is even more tenuous. Several 
reports have suggested the presence of C-type virus 
particles or antigens on a variety of tissues of SLE 
patients, but most such observations have not been 
reproduced widely. Although the search continues, the 
consensus appears to be that viruses are not the primary 
cause of SLE. Sex hormones seem to exert an important 
influence on the occurrence and manifestations of SLE. 
During the reproductive years the incidence of SLE is 
ten times greater in women, and exacerbation of the 
disease has been noted during normal menses and 
pregnancy. Some recent data suggest that lupus patients 
have an alteration in estrogen metabolism that results 
in hyperestrogenic effects.” 


Immunologic Factors. With all the immunologic 
findings in SLE patients, there can be little doubt that 
some fundamental derangement of the immune system 
is involved in the pathogenesis of SLE. A variety of 
immunologic abnormalities affecting both T cells and B 
cells have been detected in patients with SLE.” ” Until 
recently, derangements in T-suppressor cells (TSC) have 
received the most attention, since a primary defect in 
TSC could initiate autoantibody formation as discussed 
previously (p. 179). Although defective or deficient TSC 
functions in vitro have been reported in patients with 
SLE,” the significance of these findings is not entirely 
clear. Several recent observations suggest that the de- 
fects in TSC are not seen consistently and that their 
presence does not necessarily imply the existence of 
autoimmunity.“ For example, in one study 20% of the 
clinically normal family members demonstrated defec- 
tive TSC function, although statistically no more than 
5% of the unaffected family members would be expected 
to develop SLE.” ” 

Abnormalities in B cells are much more consistent 
and less controversial.” B cells from the peripheral 
blood of lupus patients show eight to ten times higher 
spontaneous proliferative activity in vitro, and secrete 
excessive quantities of immunoglobulin directed against 
self- and non-self-antigens. The basis for the sustained 
polyclonal B-cell hyperactivity appears to be an inherent 
(genetically determined) defect in B cells and not a 
consequence of T-suppressor cell abnormalities.” Fi- 
nally, although macrophages have not received much 
attention in SLE, defects in their functions could also 
contribute to the pathogenesis of autoimmunity. In 
patients with SLE, the Fc receptor—-mediated uptake of 
circulating immune complexes by mononuclear phago- 
cyte system is markedly impaired,” thereby facilitating 
their tissue deposition and the consequent inflammatory 
response. 

Recent studies on the immunologic profiles of sev- 
eral strains of autoimmune mice, other than the classical 
NZB and (NZB X NZW)F1, have provided a new 
perspective on the immunopathogenesis of human 
SLE.” The lessons learned from these studies are best 
summarized in the words of R.S. Schwartz:* 


“Each of these inbred lines of mice has distinct immu- 
nologic, genetic and hormonal features. Yet each develops 
one or more characteristic lesions of SLE. These various 
models add to the evidence that SLE is a syndrome that can 
result from several different pathways. Each inbred strain 
presents a genetic window through which one of the pathways 
to lupus can be perceived. It would thus be surprising if a 
single mechanism could explain SLE in a genetically heter- 
ogenous human population. There is, therefore, no place for 
dogmatism in formulating notions about the etiology of SLE.” 


The mechanisms of tissue damage in SLE are for 
the most part those discussed under hypersensitivity 
reactions. Formation of immune complexes made up of 
DNA-anti-DNA is of prime pathogenetic importance in 
the development of vascular and glomerular lesions in 
SLE. The evidence can be summarized as follows:” (1) 
immunoglobulins and complement can be identified by 
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fluorescence microscopy in glomeruli in a granular pat- 
tern (p. 1005); (2) when immunoglobulins are eluted 
from kidneys, they react with double-stranded DNA, 
single-stranded DNA, and RNA-protein; and (3) im- 
mune complexes can be readily detected in the serum 
of patients with active lupus nephritis. 

A second type of tissue damage is that induced by 
specific antibodies directed against particular cell types. 
Antibodies against erythrocytes, platelets, and neutro- 
phils may be the cause of the hemolytic anemia, throm- 
bocytopenia, and neutropenia, respectively. In addition, 
antibodies against neurons may be responsible for the 
central nervous system manifestations.” 

To summarize, the evidence to date suggests that 
SLE results from a state in which there is a heightened 
immune response to “self-antigens,” determined by de- 
fects in regulatory genes and potentiated or modulated 
by hormonal or environmental factors. The lesions in 
SLE are caused largely by the deposition of DNA-anti- 
DNA complexes and in part by direct damage to cells 
by autoantibodies. 
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MORPHOLOGY. The morphologic changes in SLE are 
extremely variable, reflecting the variability of the clinical 
manifestations and the course of the disease in individual 
patients. It can also be said that none of these morphologic 
changes is pathognomonic. It is the constellation of clinical, 
serologic (particularly the presence of ANA), and morpho- 
logic changes that characterize the disease. Table 5—5 lists 
the percentage of patients showing involvement of individual 
organs. The most characteristic lesions are found in the 
blood vessels, kidneys, connective tissue, and skin. 

An acute necrotizing vasculitis involving smail arter- 
ies and arterioles is present in most affected tissues. The 
arteritis is characterized by fibrinoid deposits in the vessel 
walls. In chronic stages, vessels undergo fibrous thickening 
with luminal narrowing. Frequently a perivascular lympho- 
cytic infiltrate is present, sometimes accompanied by signif- 
icant edema and an increase in ground substance. In the 
spleen these vascular lesions involve the central penicilliary 
arteries and are characterized by marked perivascular fibro- 
sis, producing so-called ‘‘onionskin”’ lesions (Fig. 5—17). 
Immunoglobulins, DNA, and C3 have been found in these 


Table 5-5. DISTRIBUTION OF ORGAN INVOLVEMENT IN 
SYSTEMIC LUPUS ERYTHEMATOSUS 


Approximate Percentage 


of Cases 
Skin 80 
Joints* 80-90 
Kidneys” 70 
Heart* 50 
Serous membranes“ 40 
Lungs 10—20 
Liver 25-30 
Spleen 20 
Lymph node enlargement 60 
Gastrointestinal tract 30 
Central nervous system 30 
Peripheral nervous system 11 
Eyes 20 


*Lesions cause major clinical symptoms. 
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in the spleen. 


vessel walls, supporting the theory that they may be immune 
DNA-—anti-DNA complexes. 

Kidney. On light microscopic examination, the kidney 
appears to be involved in 60 to 70% of cases, but if 
immunofluorescence and electron microscopy are in- 
cluded in the examination of biopsy material, almost all 
cases of SLE will show some renal abnormality.®' © 
According to the W.H.O. morphologic classification of lupus 
nephritis, five patterns are recognized: (1) normal by light, 
electron and immunofluorescent microscopy (class |), which 
is quite rare; (2) mesangial lupus glomerulonephritis (class 
Il); (3) focal proliferative glomerulonephritis (class Ill); (4) 
diffuse proliferative glomerulonephritis (class IV); and (5) 
membranous glomerulonephritis (class V). These lesions 
are discussed further in the chapter on renal diseases (p. 
1021). 

Mesangial lupus nephritis is the mildest of the lesions 
and is seen in those patients who have minimal clinical 
manifestations such as mild hematuria or proteinuria. It 
occurs in approximately 10% of the patients. There is slight- 
to-moderate increase in the intercapillary mesangial matrix 
as well as in the number of mesangial cells. Despite the 
very mild histologic changes, granular mesangial deposits 
of immunoglobulin and complement are frequently present. 
The WHO classification subdivides mesangial lupus nephritis 
into a group characterized by mesangial deposits but no 
changes in mesangial cellularity (class IIA), and another 
subgroup in which increase in mesangial cellularity can be 
observed by light microscopy (class |IB).®" 

Focal proliferative glomerular lesions are seen in 
about one-third of initial biopsies of these patients. As the 
name implies, this is a focal lesion, affecting usually less 
than 50% of the glomeruli and only portions of each glo- 
merulus. Typically, one or two tufts in an otherwise normal 


glomerulus exhibit swelling and proliferation of endothelial 
and mesangial cells, infiltration with neutrophils, and some- 
times fibrinoid deposits and intracapillary thrombi (Fig. 5— 
18). Hematoxylin bodies may be present, and fragmentation 
and breakdown of nuclei produces an appearance described 
as “nuclear dust.” Focal lesions may be associated with 
rather mild clinical manifestations: recurrent hematuria and 
moderate proteinuria with only occasional mild renal insuffi- 
ciency. However, some patients with focal lesions may have 
more severe clinical disease progressing to renal failure.®* ® 

Diffuse proliferative glomerulonephritis is the most 
serious of the renal lesions in SLE, occurring in 45 to 50% 
of patients. Anatomic changes are dominated by proliferation 
of endothelial, mesangial, and sometimes epithelial cells 
(Fig. 5-19). Most or all glomeruli are involved in both 
kidneys, and the entire glomerulus is almost always affected. 
Patients with diffuse lesions are usually overtly symptomatic, 
showing microscopic or gross hematuria, proteinuria includ- 
ing the nephrotic syndrome, hypertension, and frequently a 
diminution of glomerular filtration rate. 

Membranous glomerulonephritis occurs in 10% of 
patients and is a designation given to glomerular disease in 
which the principal histologic change consists of widespread 
thickening of the capillary walls. The lesions are very similar 
to those encountered in idiopathic membranous glomerulo- 
nephritis, described more fully on page 1013. Patients with 
this histologic change almost always have severe proteinuria 
or the overt nephrotic syndrome. 
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Figure 5—18. Segmental proliferation and necrosis of a glomerular 
lobule from a case of focal proliferative lupus nephritis. (Courtesy 
of Dr. Fred Silva, Department of Pathology, Southwestern Medical 
School, Dallas, Texas.) 
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Figure 5-19. Diffuse proliferative lupus nephritis. Note hyper- 
cellularity throughout glomerular tuft. 


All four types are thought to have the same general 
pathogenetic mechanism, that is, the deposition of DNA-— 
anti-DNA complexes within the glomeruli. Thus, deposits of 
immunoglobulin and complement—sometimes localized to 
the mesangium only, sometimes along the entire basement 
membrane, and sometimes massively throughout the entire 
glomerulus—are characteristic features (Fig. 5-20). Why 
this same pathogenetic mechanism produces such different 
histologic lesions (and clinical manifestations) in different 
patients is not entirely clear. It is likely, as we shall see (p. 
1003), that the physical and chemical characteristics of the 
complexes as well as the state of the glomerular capillary 
wall both play a role in the pattern of deposition of complexes 
and also in the histologic change. 

Electron microscopy demonstrates electron-dense de- 
posits (presumably immune complexes) in three locations 
within the glomerulus. (1) In the membranous type the 
deposits are predominantly between the basement mem- 
brane and the visceral epithelial cell (subepithelial), a loca- 
tion similar to that of deposits in other types of membranous 
nephropathy. (2) All histologic types show large amounts of 
deposits in the mesangium. (3) Subendothelial deposits 
(between the endothelium and the basement membrane) 
are particularly characteristic of SLE, since they are present 
in few other types of glomerulonephritis (Fig. 5-21). When 
extensive, subendothelial deposits create a peculiar thick- 
ening of the capillary wall, which can be seen by means of 
light microscopy as a “wire loop” lesion (Fig. 5—21 A). Such 
“wire loops” are often found in the proliferative type of 
glomerulonephritis but can also be present in the focal and 
membranous types. They usually reflect active disease and 
are generally a poor prognostic sign. 

Although the specific types of lesions may persist in 
individual patients throughout the course of the disease, 
cases of mesangial or focal glomerulonephritis can progress 
to diffuse proliferative glomerulonephritis, with a more seri- 
ous clinical course.® 

In addition to these glomerular lesions, vasculitis similar 
to that seen in all affected tissues and organs is generally 
found in cortical arterioles. Accompanied by edema and a 
perivascular infiltrate, it is often responsible for ischemic 
necrosis of affected glomeruli or dependent tubules. Hema- 
toxylin or LE bodies may be found in such areas of injury. 

There is also increasing interest in the interstitial and 
tubular lesions frequently present in patients with SLE, 
especially in association with diffuse proliferative glomeru- 
lonephritis. In a few cases, tubulointerstitial lesions may be 
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the dominant abnormality. As we shall see in the chapter on 
kidney diseases (p. 991), granular deposits composed of 
immunoglobulin and complement similar to those seen in 
glomeruli are present around the tubules in about 50% of 
patients with SLE, a pattern indicative of so-called tubular 
immune complex disease. Antibody eluted from these de- 
posits, like that in the glomeruli, reacts with DNA. 

Skin. The skin is often involved. Characteristic ery- 
thema affects the facial “butterfly” area (bridge of the nose 
and cheeks) but also the extremities and trunk. Urticaria, 
bullae, maculopapular lesions, and ulcerations also occur. 
Exposure to sunlight incites or accentuates the erythema. 
Histologically, the involved areas show liquefactive degen- 
eration of the basal layer of dermis together with edema at 
the dermal junction. In the dermis there are variable degrees 
of fibrosis, marked perivascular mononuclear infiltrate, and 


Figure 5—20. Immunofluorescence micrograph stained for IgG from 
glomerulus with diffuse proliferative lupus nephritis showing abun- 
dant deposition of immunoglobulin. 


occasionally fibrinoid change in the vessel wall. Immuno- 
fluorescence microscopy shows deposition of immu- 
noglobulin and complement along the dermoepidermal 
junction. The presence of immunoglobulin in both involved 
and noninvolved skin in SLE distinguishes the skin lesions 
from those seen in other connective tissue disorders such 
as dermatomyositis and scleroderma, as well as chronic 
discoid lupus erythematosus. In the latter disorders, only 
involved areas of the skin are positive. The origin of the 
immune deposits is not certain; it is unlikely that they 
represent circulating immune complexes, but more probable 
that they could be nuclear antigens released from necrotic 
epidermal cells reacting with antinuclear antibodies present 
in the circulation. 

Joints. Joint involvement is frequent, the typical lesion 
being a nonerosive synovitis with little deformity. The latter 
fact distinguishes this arthritis from that seen in rheumatoid 
disease. In the acute phases of arthritis in SLE there is 
exudation of neutrophils and fibrin into the synovium, and a 
perivascular mononuclear cell infilrate in the subsynovial 
tissue, but the severe mononuclear infiltration of the sub- 
synovium and the intense synovial hyperplasia characteristic 
of rheumatoid arthritis are unusual.® 

Central Nervous System. The pathologic basis of CNS 
symptoms is ascribed principally to acute vasculitis, with 
occlusion of small arteries causing infarcts or hemorrhages. 
Of interest is the deposition of immune complexes in the 
choroid plexus,® which is very similar to the renal glomerulus 
in some of its anatomic and filtration characteristics. Some 
of the neurologic manifestations may also be due to the 
occurrence of antineuronal cytoplasmic antibodies.” 

Pericarditis and Other Serosal Cavity Involvement. 
Inflammation of the serosal lining membranes may be acute, 
subacute, or chronic. During the acute phases, the meso- 
thelial surfaces are sometimes covered with fibrinous exu- 
date. Later they become thickened, opaque, and coated with 
a shaggy fibrous tissue that may lead to partial or total 
obliteration of the serosal cavity. In areas of acute involve- 
ment, even when the pericardial sac appears normal on 
gross inspection, there is microscopic evidence of edema; 
focal vasculitis with a perivascular, mononuclear, inflamma- 
tory infiltrate; and fibrinoid necrosis, sometimes containing 
hematoxylin bodies. These acute changes are replaced in 
time by fibroblastic proliferation, together with diffuse or focal 
lymphocytic and plasma cell infiltration. 

Heart. In addition to pericarditis, cardiac valves or 
myocardium is affected in about half of the cases. The 
endocardial alterations (nonbacterial verrucous endocar- 
ditis or Libman-Sacks endocarditis), when present, con- 
stitute one of the most striking anatomic findings of lupus 
erythematosus. Vegetations occurs on the mitral and tricus- 
pid valves. These may be small, warty excrescences or in 
some cases, friable, berry-like masses of amorphous mate- 
rial that vary in size from less than 1 mm to 3 or 4 mm in 
diameter (Fig. 5-22). They may occur singly, but more often 
occur multiply in random fashion anywhere on the valvular 
leaflets, usually on the surfaces exposed to the forward flow 
of blood but sometimes behind the cusps. Infrequently, the 
vegetations extend onto the mural endocardium of the car- 
diac chambers or onto the chordae tendineae. 

The vegetations in SLE must be differentiated prin- 
cipally from those formed in bacterial endocarditis and 
acute rheumatic endocarditis. In infective endocarditis, 
the vegetations tend to be considerably larger (0.5 to 
2.0 cm) than those in lupus, and only rarely are they as 
widely dispersed. More often, infective vegetations oc- 
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Figure 5—22. Libman-Sacks endocarditis of the mitral valve in lupus 
erythematosus. The small vegetations attached to the margin of the 
valve leaflet are easily seen. 


cur singly or in two or three discrete foci, and only very 
infrequently are they positioned behind the cusps. In 
rheumatic endocarditis, the vegetations are small, are 
confined to the lines of closure of the leaflets on the 
surface exposed to the forward flow of blood, and almost 
never extend behind the cusps. 

Characteristic histologic alterations in Libman-Sacks 
endocarditis are found underlying the vegetations. Increased 
ground substance, “fibrinoid necrosis,” and, in the later 
stages, increased vascularization, fibroblastic proliferation, 
and neutrophilic and mononuclear cell infiltration constitute 
the inflammatory changes. The vegetation itself may be 
composed in part of fibrin, but more characteristically is 
made up of necrotic debris, fibrinoid material, and trapped 
disintegrating fibroblasts and inflammatory cells. Hematox- 
ylin bodies are sometimes found within the fibrinoid. Orga- 
nization may, in time, convert the vegetation into a nodule 
of organized connective tissue. Focal areas of acute-to- 
chronic inflammation containing fibrinoid may be found 
throughout the heart in the connective tissue of the endo- 
cardium and myocardium, about blood vessels, and in the 
interfascicular connective tissue planes. Myocardial arter- 
ioles and small arteries may suffer acute necrotizing injury 
with mural deposition of fibrinoid, but myocardial fibers are 
injured by resultant ischemia only in the florid, acute cases 
when the vascular damage is severe and causes thromboses 
of luminia. 


Spleen. The spleen may be moderately enlarged. Cap- 
sular thickening is common, as is follicular hyperplasia. 
Plasma cells are usually numerous in the pulp and can be 
shown to contain immunoglobulins of the IgG and IgM variety 
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by fluorescence microscopy. As mentioned above, the cen- 
tral penicilliary arteries show thickening and perivascular 
fibrosis, producing the so-called “onionskin” lesions. 

Lungs. I|n addition to pleuritis and pleural effusions, 
interstitial pneumonitis and diffuse fibrosing alveolitis can 
occur in SLE. As its name indicates, fibrosing alveolitis 
consists of filling of the alveolar spaces with fibrous tissue, 
often containing many inflammatory cells. There is evidence 
that DNA—anti-DNA complexes may contribute to the patho- 
genesis of this alveolitis. 

Other Organs and Tissues. Acute vasculitis may be 
seen in the portal tracts of the liver accompanied by lym- 
phocytic infiltrates, creating nonspecific portal triaditis. LE 
cells in the bone marrow may be strongly indicative of lupus 
erythematosus. Lymph nodes may be enlarged and contain 
hyperactive follicles as well as plasma cells, changes that 
are of interest in view of the etiology of this disease. Focal 
fibrinoid necrosis in lymph nodes may suggest the possibility 
of a connective tissue disorder. 


DISEASES OF IMMUNITY 


CLINICAL Course. The most common clinical man- 
ifestations of systemic lupus erythematosus are articular 
pain, usually involving the hands or feet but also the 
larger joints (92%); fever (84%); skin eruptions, including 
butterfly rash (72%); renal manifestations, including 
hematuria, proteinuria, hypertension, and the nephrotic 
syndrome (60%); pleuritis and pleural effusions (50%); 
cardiopulmonary abnormalities, including symptoms 
and signs of pericarditis (50%); and neurologic manifes- 
tations (25%), including convulsive disorders, peripheral 
neuropathies, and mental dysfunction. Lymph node 
enlargement indicative of hyperactivity of the immune 
system occurs in about 50% of patients, and splenomeg- 
aly in 10%. Hematologic abnormalities include leuko- 
penia, thrombocytopenia with bleeding tendency, and 
hemolytic anemia. 

The course of the disease is variable and almost 
unpredictable. Rare acute cases result in death within 
weeks to months. More often, with appropriate therapy, 
the disease is characterized by flareups and remissions 
spanning a period of years or even decades. During 
acute flareups, increased formation of immune com- 
plexes and the accompanying complement activation 
often result in hypocomplementemia. Disease exacer- 
bations are usually treated by corticosteroids or immu- 
nosuppressant drugs, which often control acute mani- 
festations. Even without therapy, some patients may 
run a benign course with skin manifestations and mild 
hematuria for years. The outcome has improved signif- 
icantly in the recent past. In one recent large multicen- 
ter study the survival was 90% at one year, 77% at five 
years, and 71% at ten years.*’ This apparent improve- 
ment derives in part from earlier diagnosis and recog- 
nition of the milder forms of the disease. The most 
common cause of death is renal failure, followed by 
intercurrent infections.®” Cardiac failure, hemorrhages, 
and central nervous system disease may also contribute. 

As mentioned earlier, involvement of skin along 
with multisystem disease is fairly common in SLE. In 
addition, two syndromes have been recognized in which 


the cutaneous involvement is the most prominent or 
exclusive feature. 

Chronic Discoid Lupus Erythematosus. Chronic dis- 
coid lupus erythematosus is a disease in which the skin 
manifestations mimic systemic lupus ervthematosus but 
systemic manifestations are rare. It is characterized by 
the presence of skin plaques showing varying degrees 
of edema, erythema, scaliness, follicular plugging, and 
skin atrophy surrounded by an elevated erythematous 
border. The face and scalp are usually affected, but 
widely disseminated lesions occasionally occur. The 
disease is usually confined to the skin, but 50% of 
patients with discoid lupus develop multisystem mani- 
festations after many years.” The LE cell test is rarely 
positive, but about 35% of patients show a positive ANA 
test. Antibodies to double-stranded DNA are rarely 
present, and immunofluorescence studies of skin biop- 
sies show the same deposition of Ig and C3 at the 
dermal-epidermal junction that is seen in SLE. How- 
ever, in contrast to SLE, normal uninvolved skin does 
not show such fluorescence. 

Subacute Cutaneous Lupus Erythematosus. This 
condition also presents with predominant skin involve- 
ment and can be distinguished from chronic discoid LE 
by several criteria.* It is characterized by widespread 
but superficial and nonscarring lesions. There usually is 
clinical evidence of mild systemic disease, and patients 
often have clearly abnormal levels of antinuclear anti- 
bodies, particularly antibodies to the SS-A antigen (p. 
181). Furthermore, unlike discoid LE, a distinct asso- 
ciation with HLA-B8 and -DR3 antigens has also been 
noted. Thus, the term subacute LE seems to define a 
group intermediate between SLE and lupus localized 
only to skin. 

Drug-induced Lupus Erythematosus. An interesting 
syndrome develops in patients receiving a variety of 
drugs, including hydralazine (given for hypertension), 
procainamide, isoniazid, and D-penicillamine, to name 
only a few. These patients develop antinuclear antibod- 
ies and anti-single-stranded DNA antibodies, but anti- 
double-stranded DNA antibodies are found only rarely. 
Patients receiving hydralazine may develop a multisys- 
tem lupus syndrome with skin and joint manifestations, 
but without renal involvement and hypocomplemen- 
temia. As a rule, drug-induced lupus improves sponta- 
neously following withdrawal of the drug. Recent theo- 
ries emphasize genetic defects in the origin of the 
autoimmunity in drug-induced SLE (“lupus diathesis’). 
Persons having the HLA-DR4 antigen are at increased 
risk of developing drug-induced SLE, and these patients 
seem to have a genetically determined inability to 
acetylate the amine or hydralazine moiety of these 
compounds adequately through the hepatic N-acetyl- 
transferase system. Presumably these “slow acetylators” 
develop accumulations of nonacetylated metabolites of 
these drugs, which covalently bind to a nucleoprotein 
or to cellular macromolecules, producing antigenic com- 
plexes. Antinuclear antibodies and eventually lupus 
disease are thus induced.” If these observations are 


correct, this would be an interesting example of how a 
genetic metabolic defect may lead to autoimmunity. 


SJOGREN’S SYNDROME 


Sjégren’s syndrome is a clinicopathologic entity 
characterized by dry eyes (keratoconjunctivitis sicca) 
and dry mouth (xerostomia) resulting from immunolog- 
ically mediated destruction of the lacrimal and salivary 
glands. It occurs as an isolated disorder (primary form) 
also known as the sicca syndrome, or more often in 
association with another autoimmune disease (secondary 
form). Among the associated disorders, rheumatoid ar- 
thritis is the most common, but some patients have 
SLE, polymyositis, scleroderma, vasculitis, mixed con- 
nective tissue disease, or thyroiditis. 

ETIOLOGY AND PATHOGENESIS. As we shall see in 
the description of morphology, the decrease in tears 
and saliva (sicca syndrome) is the result of lymphocytic 
infiltration and fibrosis of the lacrimal and salivary 
glands. The infiltrate contains predominantly T cells 
(both OK T4 and OK T8) and some B cells, including 
plasma cells that secrete antibody locally.*? Most of the 
infiltrating T cells are OK T4—positive and may serve as 
helper cells for antibody synthesis. It is not clear, 
however, whether the tissue damage is mediated by the 
few cytotoxic T cells that infiltrate the gland or by 
autoantibodies, several of which can be found in the 
serum. About 75% of patients have rheumatoid factor 
(p. 181) irrespective of whether coexisting rheumatoid 
arthritis is present or not. ANA are detected in 60 to 
70% of patients and a positive LE test in 25%. A whole 
host of additional antibodies have been identified, in- 
cluding autoantibodies to salivary duct cells, smooth 
muscle mitochondria, gastric parietal cells, and thyroid 
antigens. Recently, antibodies directed against two ex- 
tractable nuclear antigens (p. 181) have been detected 
in the sera of patients with Sjégren’s syndrome. These 
antigens have been called by various names, but at 
present most authors designate them as SS-A and SS-B 
(SS = sicca syndrome).® Antibodies to SS-B are consid- 
ered highly specific for Sjégren’s syndrome. They are 
found in 60 to 70% of patients with primary Sjégren’s 
syndrome and in 70 to 80% of patients with Sjégren’s 
syndrome and associated SLE. Anti-SS-A antibodies 
are found in a smaller percentage (14%) of patients with 
Sjégren’s syndrome, and are also detected in other 
collagen vascular diseases. Therefore, SS-A antibodies 
without the concomitant presence of anti-SS-B are not 
considered specific for Sjagren’s syndrome. In Sjégren’s 
syndrome associated with rheumatoid arthritis, there is 
a high frequency of antibodies to yet another nuclear 
antigen called rheumatoid associated nuclear antigen 
(RANA). Both serologic and immunogenetic studies 
suggest that patients with secondary Sjégren’s syndrome 
(associated most often with rheumatoid arthritis) make 
up a subset that is distinct from those with primary 
Sjogren’s syndrome. The latter seem to show higher 
frequency of HLA-DR-3, whereas patients with associ- 
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ated rheumatoid arthritis show a positive correlation 
with HLA-DR4. 

As might be expected from the presence of auto- 
antibodies, a variety of functional abnormalities have 
been detected in the T cells, B cells, and macrophages, 
many of which are similar to those described in SLE 
and need not be repeated (p. 183). Although it seems 
logical to assume that autoimmunity is involved in the 
pathogenesis of Sjégren’s syndrome, the triggering 
mechanisms are not clear. As in SLE, genetic predis- 
position, viruses, and deranged immunoregulation are 
suspected, but the evidence is even more nebulous. 


MORPHOLOGY. As mentioned earlier, lacrimal and sal- 
ivary glands are the major targets of the disease, although 
other exocrine glands including those lining the respiratory 
and gastrointestinal tract may also be involved. 

The earliest histologic finding in both the major and 
minor salivary glands is periductal lymphocytic infiltration. 
The cells are predominantly small lymphocytes, but large 
lymphocytes and plasma cells may also be present as well 
as lymphoid follicles with germinal centers (Fig. 5-23). The 
ductal lining epithelial cells may show hyperplasia, thus 
obstructing the ducts. Later there is atrophy of the acini, 
fibrosis, and hyalinization, and still later in the course, 
atrophy and fatty replacement of parenchyma. In some cases 
the lymphoid infiltrate may be so intense as to give the 
appearance of a lymphoma; however, the benign appear- 
ance of lymphocytes, the heterogeneous population of cells, 
and the preservation of lobular architecture of the gland 
differentiate the lesions from those of lymphoma. 
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Figure 5—23. Sjégren’s syndrome—submandibular gland. The in- 
tense lymphocytic and plasma cell infiltration virtually obscures the 
native architecture. Only a few residual ducts (arrows) can be 
identified. 
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The lack of tears leads to drying of the corneal epithe- 
lium, which becomes inflamed, eroded, and ulcerated; the 
oral mucosa may atrophy with inflammatory fissuring and 
ulceration; and dryness and crusting of the nose may lead 
to ulcerations and even perforation of the nasal septum. 
When the respiratory passages are involved, secondary 
laryngitis, bronchitis, and pneumonitis may appear. Atrophic 
gastritis may also occur. In approximately 25% of cases, 
extraglandular tissues such as kidneys, lungs, and muscles 
are also involved. In contrast with SLE, glomerular lesions 
are extremely rare in Sj6gren’s syndrome. However, defects 
of tubular function, including renal tubular acidosis, urico- 
suria, and phosphaturia, are often seen and are associated 
histologically with a tubulointerstitial nephritis (p. 1040). 
There is infiltration of the renal interstitium by monocytes, 
plasma cells, and macrophages and often a pronounced 
degree of fibrosis. Tubules are atrophied and may be in- 
vaded by lymphoid and plasma cells. 


CLINICAL MANIFESTATIONS. The keratoconjunctivi- 
tis produces symptoms of blurring of vision, burning 
and itching, and accumulated thick secretions in the 
conjunctival sac. The xerostomia results in difficulty in 
swallowing solid foods, a decrease in the ability to taste, 
cracks and fissures in the mouth, and dryness of the 
buccal mucosa. Parotid gland enlargement is present in 
half the patients; dryness of the nasal mucosa, epistaxis, 
recurrent bronchitis, and pneumonitis are other symp- 
toms. The 60% of patients who have an accompanying 
connective tissue disorder such as rheumatoid arthritis 
also have the symptoms and signs of that disorder. 

The combination of lacrimal and salivary gland 
inflammatory involvement was once called Mikulicz’s 
disease. However, the entity has now been replaced by 
the noncommittal Mikulicz’s syndrome, broadened to 
include lacrimal and salivary gland enlargement, what- 
ever the cause. In addition to Sjégren’s syndrome, 
sarcoidosis, leukemia, lymphoma, and other tumors 
produce Mikulicz’s syndrome. Thus, biopsy of the lip 
(to examine minor salivary glands) is frequently required 
to aid in the diagnosis. 

The lymph nodes of patients with Sjégren’s syn- 
drome show not only enlargement but also a pleo- 
morphic infiltrate of cells with frequent mitoses. The 
appearance has been described as “pseudolymphoma, ” 
since all the criteria of malignant lymphoma are not 
satisfied. However, clear-cut malignant lymphomas 
mostly of the B-cell type have developed in the salivary 
glands and lymph nodes in some patients and it is 
believed that patients with Sjégren’s syndrome have an 
approximately 40-fold higher risk of developing lymph- 
oid malignancies.*! This has led to the statement that 
the disorder lies “somewhere between hyperplasia and 
neoplasia. ” 


SCLERODERMA (PROGRESSIVE SYSTEMIC 
SCLEROSIS) 


Although the term “scleroderma” is ingrained in 
the literature through common usage, this disease is 
better named progressive systemic sclerosis (PSS), since 


it is characterized by excessive fibrosis throughout the 
body. The skin is most commonly affected, but the 
gastrointestinal tract, kidneys, heart, muscles, and lungs 
also are frequently involved. In some patients the 
disease appears to remain confined to the skin for many 
years, but in the majority it progresses to visceral 
involvement and death from renal failure, cardiac fail- 
ure, pulmonary insufficiency, or intestinal malabsorp- 
tion. Women are affected two to fives times as often as 
men. Although it usually appears in the third to fifth 
decade, no age is immune—the disease has been iden- 
tified in infants 6 months old and in patients of advanced 
years. 

ETIOLOGY AND PATHOGENESIS. Progressive sys- 
temic sclerosis is a disease of unknown etiology. Three 
main lines of investigation have been pursued to explain 
the excessive deposition of collagen. One is concerned 
with the factors leading to altered collagen synthesis, 
another with possible immunologic derangements, and 
still another with microvascular abnormalities. 

In spite of the widespead and striking overgrowth 
of connective tissue, there is no clear-cut evidence for 
an abnormality in collagen metabolism as the primary 
defect in this disease. Cultured fibroblasts from skin of 
patients with PSS have an increased capacity to synthe- 
size collagen,” without any decrease in the ability to 
degrade it.*° Although augmented collagen synthesis is 
established, the nature of the forces that “charge” these 
cells remains elusive. Is there an intrinsic defect in 
fibroblasts or are they responding to external stimuli? 
We cannot answer this question with certainty, but a 
hypothesis has been proposed that links abnormal cell- 
mediated immunity to excessive fibroblast activity.*” 
According to this, the initial event is T-cell sensitization 
to collagen, resulting in a delayed-type hypersensitivity 
reaction and elaboration of lymphokines. The lympho- 
kines then attract fibroblasts and stimulate them to 
produce collagen, which in turn triggers further lym- 
phokine production by the sensitized T cells. In support 
of this hypothesis can be cited the demonstration of 
cell-mediated immunity to collagen in some patients, 
and the ability of lymphokines to attract and stimulate 
fibroblasts in vitro.” 

A variety of serologic abnormalities have also been 
reported in PSS. Approximately 50% of cases have mild 
hypergammaglobulinemia; also detected are a variety of 
autoantibodies including rheumatoid factor (20 to 30% 
of cases), anti-smooth muscle antibodies (40 to 60% of 
cases), and antinucleolar antibodies (40 to 50% of cases). 
The last-named produce a characteristic “nucleolar pat- 
tern’ of fluorescence in the indirect immunofluores- 
cence assay (p. 181). Recently two antinuclear antibodies 
more or less unique to scleroderma have been de- 
scribed.® One of these reacts with a nonhistone nuclear 
protein called Scl-70 while the other is an anticentro- 
mere antibody. Although these two antibodies are not 
believed to be involved in the pathogenesis of sclero- 
derma, they may prove to be useful diagnostic tools.” 
The anticentromere antibody is found in a much higher 
frequency in individuals with CREST syndrome, a var- 


iant of PSS that tends to remain localized to the skin 
for long periods (see p. 193). 

The third hypothesis lays the primary blame on 
small blood vessels—the so-called microvascular hy- 
pothesis.!” According to this, widespread damage to the 
small blood vessels and their subsequent narrowing 
leads to ischemic injury followed by scarring. In support 
of this hypothesis can be cited the narrowing of small 
arteries (150 to 500 p in diameter) together with mono- 
nuclear infiltrates in the connective tissue seen early in 
the course of lesion development. Of interest is the 
demonstration that the vascular lesions in the kidney, 
to be described later, contain IgG and complement as 
well as antibody to nuclear antigens, thus suggesting 
that these are caused by immune complexes, as postu- 
lated for SLE.’ Although these findings suggest im- 
munologic injury of the vasculature, other investigators 
have described a poorly defined endothelial cell toxic 
factor in the serum of patients with PSS.’ The micro- 
vascular hypothesis appears attractive because of its 
simplicity, but the evidence supporting its role in the 
pathogenesis of PSS is not particularly impressive. 


MORPHOLOGY. Virtually all organs may be involved in 
PSS. The prominent changes occur in the skin, alimentary 
tract, musculoskeletal system, and kidneys; but lesions also 
are often present in the blood vessels, heart, lungs, and 
peripheral nerves. A great majority of patients have diffuse, 
sclerotic atrophy of the skin, which usually begins in the 
fingers and distal regions of the upper extremities and 
extends proximally to involve the upper arms, shoulders, 
neck, and face. In the early stages, affected skin areas are 
somewhat edematous and have a doughy consistency. 
Histologically there is edema and perivascular lymphocytic 
infiltrates, together with swelling and degeneration of colla- 
gen fibers, which become eosinophilic. Capillaries may show 
thickening of the basal lamina, endothelial cell damage, and 
partial occlusion.'® With progression, the edematous phase 
is replaced by progressive fibrosis of the dermis, which 
becomes tightly bound to the subcutaneous structures. 
There is marked increase of compact collagen in the dermis 
along with thinning of the epidermis, loss of rete pegs, 
atrophy of the dermal appendages, and hyaline thickening 
of the walls of dermal arterioles and capillaries (Fig. 5-24). 
Often, pigmentation resulting from increased melanin in the 
basal layer of the epidermis darkens the areas. In advanced 
stages, the fingers take on a tapered, claw-like appearance 
with limitation of motion in the joints (Fig. 5-25), and the 
face becomes a drawn mask. Loss of blood supply may lead 
to cutaneous ulcerations and to atrophic changes in the 
terminal phalanges. Sometimes the tips of the fingers 
undergo autoamputation. 

Alimentary Tract. The alimentary tract is affected in 
over half the patients. Progressive atrophy and collagenous 
fibrous replacement of the muscularis may develop at any 
level of the gut but is most severe in the esophagus (Fig. 
5—26). The lower two-thirds of the esophagus often develops 
a rubber hose inflexibility and usually has the most marked 
narrowing. The mucosa may be thinned and ulcerated, and 
there is excessive collagenization of the lamina propria and 
submucosa. Similar changes occur in the walls of the small 
intestine and colon. Loss of villi and microvilli is the anatomic 
basis for the malabsorption syndrome sometimes encoun- 
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Figure 5-24. Scleroderma. Atrophy of skin with dense sclerosis of 
dermal tissue and atrophy of skin adnexa. 


sie tS : 


Figure 5-25. Advanced scleroderma. The extensive subcutaneous 
fibrosis has virtually immobilized the fingers, creating a clawlike 
flexion deformity. 
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the esophagus. Isolated striated muscle fibers of the pharyngeal 
constrictor muscles are present. 


tered. Vessel walls contain perivascular mononuclear cell 
infiltrates and show hyaline collagenous thickening. 

Musculoskeletal System. Inflammatory synovitis is 
common in PSS. The changes consist of infiltrates of lym- 
phocytes and plasma cells, sometimes gathered into focal 
aggregates, associated with hypertrophy and hyperplasia of 
the synovial soft tissues. Fibrosis later ensues. It is evident 
that these changes are closely reminiscent of rheumatoid 
arthritis, but joint destruction is not common in PSS. As in 
polymyositis (p. 193), the muscles may be affected, begin- 
ning usually with the proximal groups. Interfiber edema and 
perivascular infiltrates of lymphocytes and plasma cells make 
up the early changes, followed by progressive interstitial 
fibrosis and sometimes regressive alterations in the fibers 
themselves. However, in systemic sclerosis, the primary 
change involves the interstitium, while in polymyositis, fiber 
damage is a prominent early lesion. Thickening of the 
basement membrane of the microcirculation and microvas- 
cular sclerosis accompany the interstitial fibrosis. 

Kidneys. Renal abnormalities occur in two-thirds of 
patients with PSS.'* The most prominent are those in the 
vessel walls. Interlobular arteries (150 to 500 w in diameter) 
show intimal thickening as a result of deposition of mucinous 
or finely collagenous material, which stains histochemically 
for glycoprotein and acid mucopolysaccharides (Fig. 5-27). 
There is also concentric proliferation of intimal cells. These 
changes may resemble those seen in malignant hyperten- 
sion, but it has been stressed that in scleroderma the 
alterations are restricted to vessels 150 to 500 pw in diameter 
and are not always associated with hypertension. Hyperten- 
sion, however, occurs in 30% of patients with scleroderma, 
and in 7 to 10% takes an ominously malignant course 
(malignant hypertension). In hypertensive patients, vascular 
alterations are more pronounced and are often associated 


with fibrinoid necrosis involving the arterioles together with 
thrombosis and infarction. When this occurs it becomes 
difficult to differentiate the lesions of scleroderma from those 
of other types of malignant hypertension (p. 1046). Such 
patients often die of renal failure, which accounts for about 
50% of deaths in patients with PSS. Glomerular changes 
are nonspecific and mainly consist of slightly increased 
cellularity of the mesangium and localized irregular thicken- 
ing of the basement membrane. Some of these changes 
may be related to the hypertension. 

Lungs. A diffuse interstitial and alveolar fibrosis may 
appear in the lungs, with variable fibrous thickening of small 
pulmonary vessels. In some instances the alveolar walls 
thicken, and in others there is an apparent distention of 
alveolar spaces and rupture of septa, leading to cystlike 
cavities. In other stages, honeycomb changes and severe 
interstitial fibrosis may ensue. Thus, patients with PSS have 
a pulmonary picture very much like that of idiopathic pul- 
monary fibrosis (p. 747), and indeed PSS must be consid- 
ered in the differential diagnosis of diffuse pulmonary inter- 
stitial disease. 

Other Organs. Small arterial lesions similar to those 
seen in the kidneys are present in many organs including 
the skin, muscle, gastrointestinal tract, pancreas, synovium, 
vasa vasorum, and central nervous system. In the heart, 
interstitial fibrosis with perivascular infiltrates can occur; the 
fibrosis may involve the conduction system, leading to AV 
conduction defects and arrhythmias, or may result in pro- 
gressive cardiac failure. Sometimes a peripheral neuropathy 
occurs owing to loss of blood supply to the axis cyclinders, 
resulting from perineurial and vascular sclerosis. 


CLINICAL Course. In most cases, the disease pre- 
sents with symmetric edema and thickening of the hands 


Figure 5-27. Scleroderma. Small renal artery showing intimal 
thickening. 


and fingers or with Raynaud's phenomenon (p. 529). 
Articular manifestations in the form of pain and stiffness 
of the finger and knee joints may mimic rheumatoid 
arthritis. Dysphagia attributable to esophageal fibrosis 
is present in more than 50% of patients. Abdominal 
pain, intestinal obstruction, or malabsorption syndrome 
with weight loss and anemia reflect involvement of the 
small intestine. Respiratory difficulties due to the pul- 
monary fibrosis may result in right-sided cardiac dys- 
function, and myocardial fibrosis may cause either ar- 
rhythmias or cardiac failure. Mild proteinuria occurs in 
up to 70% of patients, but rarely is the proteinuria so 
severe as to cause a nephrotic syndrome. The most 
ominous manifestation is malignant hypertension, with 
the subsequent development of fatal renal failure, but 
in its absence progression of the disease may be slow. 
The disease tends to be more severe in blacks, especially 
black females. 

In recent years a somewhat benign variant of PSS 
has been recognized, the so-called CREST syndrome, 
characterized by calcinosis (C), Raynaud's phenomenon 
(R), esophageal dysfunction (E), sclerodactyly (S), telan- 
giectasia (T), and the presence of anticentromere anti- 
bodies.’ Patients with the CREST syndrome have 
relatively limited involvement of skin, often confined to 
fingers and face, and calcification of the subcutaneous 
tissues. Raynaud's phenomenon and involvement of skin 
are the initial manifestations and often the only mani- 
festation for several years. Involvement of the viscera, 
including esophageal lesions, pulmonary hypertension, 
and biliary cirrhosis, occur late, and in general these 
patients live longer than those with PSS and diffuse 
visceral involvement at the outset. 

Localized scleroderma, to be distinguished from 
PSS, is characterized by skin manifestations only. Mor- 
phea (one of the localized forms) refers to the presence 
of localized patches of violaceous or lilac, sometimes 
itchy skin lesions that may appear on any part of the 
body. Morphea may be widespread and chronic and 
may involve the fingers with contractures. Since the 
localized forms do not involve the internal organs, it is 
unlikely that they have any relationship to PSS. 


POLYMYOSITIS-DERMATOMYOSITIS 


Polymyositis refers to a chronic inflammatory my- 
opathy of uncertain etiology. It is commonly discussed 
with the other connective tissue diseases because some 
patients have manifestations that mimic SLE, sclero- 
derma, or rheumatoid arthritis, and by implication an 
immunologic origin is suspected. Although a rare dis- 
ease, it is one of the more common myopathies. Mus- 
cular weakness is present in all cases, but in some it is 
accompanied by a prominent skin rash, termed “der- 
matomyositis. 

The feature that distinguishes this disorder from 
other myopathies is the nature of the pathologic lesions 
in the muscles, i.e., degeneration of individual groups 
of muscle fibers accompanied by a prominent interstitial 
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infiltrate of chronic inflammatory cells. The disease is 
most common in the 40- to 60-year-old age group, but 
a variant affecting children between the ages of 5 and 
15 years is also recognized. Overall, females are affected 
about twice as often as males. The clinical expressions 
of polymyositis are extremely varied and so have been 
subclassified as follows:'™ 

1. Typical adult myositis. This is a disease of insid- 
ious onset with symmetric weakness of proximal limb 
and trunk muscles, without dermatitis or with an atyp- 
ical skin rash. 

2. Typical adult dermatomyositis. This disorder is 
of acute or subacute onset, occurs in women, and is 
associated with a classic rash on the face and progressive 
muscular weakness. 

3. Dermatomyositis or polymyositis with malig- 
nancy. The association of malignancy with polymyositis 
or dermatomyositis has long been apparent. The re- 
ported incidence of underlying malignancy varies from 
9 to 14% depending on the design of the study.’ '” 
Higher incidence seems to be associated with derma- 
tomyositis than with polymyositis. Children seem to be 
at less risk. The most common associated cancers are 
carcinoma of the lung and breast, but carcinomas of the 
stomach, kidney, uterus, and ovary and (rarely) lym- 
phomas have been described. It is a curious fact that 


~ removal of cancer may result in clinical remission of the 


associated dermatomyositis. 

4. Childhood dermatomyositis. This is an acute or 
chronic disease, usually with both myositis and rash. 
Widespread vasculitis of the skin leads to ulcerations 
and sometimes to calcifications; vasculitis within the 
gastrointestinal tract adds a prominent element of intes- 
tinal manifestations. 

5. Polymyositis or dermatomyositis with other con- 
nective tissue disorders. In some patients the myositis 
is either preceded or followed by manifestations char- 
acteristic of scleroderma, arthritis, SLE, or Sjégren’s 
syndrome. 

ETIOLOGY AND PATHOGENESIS. Although the cause 
of the disease is unknown, its close association with 
other connective tissue diseases of presumed autoim- 
mune etiology points to an immunologic origin. Some 
patients have antinuclear antibodies and rheumatoid 
factor, but the specificities of the antinuclear antibodies 
detected in this disease have not been fully defined. 
Most of the autoantibodies seem to react with extracta- 
ble nuclear antigens, and preliminary data suggests that 
some of the antibodies (PM-1 and Jo-1) are found 
primarily in polymyositis-dermatomyositis.~ Antibodies 
to purified human myoglobin have also been identified 
in the serum of some patients with polymyositis.’° In 
childhood dermatomyositis, immune complexes, which 
may be responsible for vasculitis, have been detected 
within the circulation and blood vessels.'™ 

There is also evidence suggesting cell-mediated 
immune reactions. Experimentally, polymyositis can be 
induced in guinea pigs or rats by injection of muscle 
homogenate in Freund’s adjuvant, and the disease can 
be transferred by lymphocytes.'!!? When incubated in 
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skeletal muscle homogenates, lymphocytes from pa- 
tients with polymyositis produce a lymphokine that is 
capable of lysing human fetal muscle in culture.*" 
Whatever mechanism stimulates cell-mediated immu- 
nity to endogenous antigens (muscle) is as obscure as it 
is in other autoimmune diseases. Of interest, however, 
is the report of multiple cases within the same family, 
and the association of polymyositis with C2 deficiency!” 
and with HLA-DR 3, suggesting that genetic factors 
may be involved in the pathogenesis. '’° 


MORPHOLOGY 

Striated Muscle. Involvement of striated muscles is 
present in all cases of polymyositis and dermatomyositis. 
The first groups to be affected are almost always the 
proximal muscles of the lower and upper extremities. There- 
after, the muscles of the pelvic and shoulder girdles, neck, 
posterior pharynx, intercostals, and diaphragm may be af- 
fected. In severe cases, the involvement may be more 
generalized. 

At the onset, the muscles are normal in gross appear- 
ance, possibly slightly enlarged owing to diffuse edema. 
With advance of the disease, they become atrophic and 
yellowish-gray as the muscle fibers are replaced by fibrous 
tissue and fat. Histologically, the early changes comprise a 
slight interfiber edema, perhaps accompanied by a scant 
interstitial infiltrate of lymphocytes and histiocytes. In the full- 
blown stage of the disease, focal or extensive muscle fiber 
death becomes apparent in the form of vacuolation and 
fragmentation of the sarcoplasm. Usually readily evident is 
invasion of necrotic fibers by scavenger phagocytic cells 
engulfing the cellular debris. At this stage, a prominent 
mononuclear interstitial inflammatory infiltrate is apparent, 
sometimes focal, sometimes widespread. Regeneration of 
injured but surviving muscle cells may become apparent in 
the later stages, producing large vesicular sarcolemmal 
nuclei accompanied by sarcoplasmic basophilia (Fig. 5— 
28).''* In advanced cases, fatty ingrowth and dense fibrosis 
(containing irregular amorphous deposits of calcium) replace 
large areas of muscle substance. Electron microscopy has 
yielded the findings that we would expect in cells undergoing 
severe injury and death. Focal degeneration of myofibrils, 
shredding of myofilaments, the formation of so-called “cy- 
toplasmic” and “targetoid” bodies, and increased numbers 
of autophagic vacuoles and residual bodies have all been 
noted. 

Skin. The typical skin rash of dermatomyositis occurs 
in about 40% of all patients with polymyositis. It takes the 
form of a dusky erythematous eruption on the malar emin- 
ences and bridge of the nose in a butterfly distribution, quite 
similar to that seen in SLE. However, the facial rash is 
frequently accompanied by a similar eruption on the V of 
the neck, forehead, and shoulders, and front and back of 
the upper chest. In some cases, a dusky lilac suffusion 
occurs on the upper eyelids, called the heliotrope rash, 
which is considered by some to be pathognomonic of der- 
matomyositis. Histologically, the early changes consist of 
slight edema in the dermis and a perivascular lymphocytic 
and histiocytic infiltrate, sometimes associated with overlying 
hyperkeratosis, parakeratosis, and liquefactive degeneration 
at the epidermal-dermal junction. Dermal atrophy, fibrosis, 
and calcification may ensue in the late stages. 

Other Systems. In common with the other connective 
tissue diseases, many organs and systems may be affected. 
Articular reactions are not usually prominent but may closely 


Figure 5—28. A section of striated muscle with interstitial fibrosis, 
leukocytic infiltration, muscle cell atrophy, and variability in muscle 
fiber size due to regenerative activity. 


resemble rheumatoid arthritis. Involvement of the viscera, 
including kidneys, lungs, and gastrointestinal tract, has been 
described in polymyositis.''® In childhood forms of the dis- 
ease, an acute necrotizing vasculitis resembling polyarteritis 
nodosa may be seen. 

It is apparent that there are many morphologic similari- 
ties among the so-called connective tissue diseases. My- 
opathy may be found in SLE, rheumatoid arthritis, systemic 
sclerosis, and rheumatic fever as well as polymyositis. In all, 
an interstitial inflammatory reaction is present but not the 
extensive muscle fiber injury and necrosis seen in derma- 
tomyositis. Similarly, acute arteritis is common to many but, 
of course, is most characteristic of polyarteritis nodosa. 
Although ischemic muscle damage may occur in polyarteritis, 
the myopathy is far more destructive in polymyositis and is 
disproportionate to the arterial involvement. 


CLINICAL FEATURES. Muscle weakness, tenderness 
on palpation, muscular pain, and eventual motor dis- 
ability are the most important clinical findings. The 
proximal nature of the muscular involvement helps to 
differentiate this disease from some of the dystrophies 
(p. 1308). In chronic cases, the patient may be confined 
to a wheelchair or bed. The skin rash may be followed 
by sufficient dermal fibrosis and skin atrophy to cause 
stiffness of the fingers. Raynaud’s phenomenon occurs 
in about one-third of the patients. The involvement of 
joints is usually mild and rarely causes joint destruction. 
Dysphagia, due to involvement of the pharyngeal mus- 
cles, can be a disabling and serious clinical problem. 
When visceral involvement occurs, colicky abdominal 


pain and constipation complicate the musculoskeletal 
disability. The diagnosis depends on (1) demonstration 
of elevated serum enzymes derived from muscle (glu- 
tamic-oxaloacetic transaminase and aldolase), (2) detec- 
tion of excessive creatinuria, (3) electromyographic 
evidence of muscle disease, and (4) morphologic confir- 
mation of the nature of the muscle involvement. With 
regard to the biopsy, it must be recalled that the disease 
may be focal, and careful search must be made for 
appropriate biopsy sites in order to avoid a false-negative 
diagnosis. 


MIXED CONNECTIVE TISSUE DISEASE (MCTD) 


This term was coined in 1972 to describe a group 
of patients who were identified clinically by the coexist- 
ence of features suggestive of SLE, polymyositis, and 
scleroderma and serologically by high titers of antibodies 
to ribonucleoprotein (RNP), an extractable nuclear an- 
tigen.!!© Two other factors were initially considered 
important in lending distinctiveness to MCTD—the 
paucity of renal disease and an extremely good response 
to corticosteroids, both of which could be considered as 
indicative of a good long-term prognosis. 

These patients may present with arthritis, swelling 
of the hands, Raynaud’s phenomenon, abnormal 
esophageal motility, myositis, leukopenia, and anemia, 
fever, lymphadenopathy, and hypergammaglobuline- 
mia. These manifestations suggest SLE, polymyositis, 
and scleroderma. The incidence ratio of females to males 
is 12:1, most patients presenting between the ages of 
30 and 60. Although serologic overlap with SLE occurs, 
the unifying feature of MCTD is the speckled pattern 
of nuclei on immunofluorescence (p. 181) and the pres- 
ence of antibodies against ribonucleoproteins in ex- 
tremely high titers. Over the last ten years, as more 
patients with clinical and serologic features consistent 
with the diagnosis of MCTD have been identified, a 
controversy has developed over whether MCTD consti- 
tutes a distinct collagen disease or is a heterogeneous 
mixture of subsets of SLE, scleroderma, and polymyo- 
sitis.!!7 Several additional facts, some of which have 
emerged in long-term follow-up of patients with MCTD, 
are relevant to this issue: (1) The “overlap” of symptoms 
is not necessarily concurrent; often the appearance of 
symptoms more or less characteristic of SLE, sclero- 
derma, polymyositis, or even rheumatoid arthritis is 
sequential.'!® (2) A small but definite proportion (5 to 
10%) of the patients develop renal disease.'!® (3) Long- 
term prognosis with steroid or other therapy does not 
appear to be distinctly superior to that of other related 
diseases. (4) In the follow-up of the original patients 
there appeared to be a tendency for evolution into 
progressive systemic sclerosis. (5) Not everyone with 
high titer anti-RNP antibodies has clinical features of 
MCTD. “Typical” cases of SLE as well as scleroderma 
also have a high frequency of anti-RNP antibodies. 
Conversely, all patients with “overlap” symptoms do 
not have high anti-RNP titers. 
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Those who continue to support the notion of MCTD 
as a distinct disorder argue that whereas the presence 
of anti-RNP antibody by itself is not diagnostic, the 
associated absence of antibodies to native DNA and Sm 
antigen, which characterize SLE, is important in defin- 
ing MCTD. Although the precise incidence of nephritis 
in patients with MCTD is not known, the incidence of 
severe nephritis, destructive arthritis, or severe CNS 
involvement is distinctly less than that in classical SLE. 
On balance it seems that the status of MCTD as a 
distinct entity will remain unresolved until careful long- 
term prospective studies with clearly defined clinical, 
serologic, and genetic criteria are performed. 


POLYARTERITIS NODOSA (PN) 
AND OTHER VASCULITIDES 


Polyarteritis nodosa belongs to a group of diseases 
characterized by necrotizing inflammation of the walls 
of blood vessels and showing strong evidence of an 
immunologic pathogenetic mechanism. The general 
term noninfectious necrotizing vasculitis differentiates 
these conditions from those due to direct infection of 
the blood vessel wall (such as occurs in the wall of an 
abscess) and serves to emphasize that any type of vessel 
may be involved—arteries, veins, or capillaries. 

Noninfectious necrotizing vasculitis is encountered 
in many clinical settings. Many classifications are avail- 
able, and these depend on the size of the involved 
blood vessels, the anatomic site, the histologic character 
of the lesion, or the clinical manifestations.!2° A detailed 
classification and description of vasculitides is presented 
in the chapter on the diseases of blood vessels, where 
the immunologic mechanisms are also discussed (p. 520). 


POSSIBLE IMMUNE DISORDERS 


Immunologic mechanisms are suspected of contrib- 
uting to a large number of diseases in addition to those 
already described in this chapter. Some of these entities 
will be discussed in the chapters dealing with individual 
organs and systems. One disease—amyloidosis—re- 
quires description at this point. New observations pro- 
vide strong evidence that some derangement in the 
immune apparatus underlies this disease, and as a 
systemic disease it cannot be assigned to any single 
organ or system. 


AMYLOIDOSIS 


Amyloid is a pathologic proteinaceous substance, 
deposited between cells in various tissues and organs of 
the body in a wide variety of clinical settings. Because 
amyloid deposition appears so insidiously, and some- 
times mysteriously, its clinical recognition ultimately 
depends on morphologic identification of this distinctive 
substance in appropriate biopsies. Macroscopically, 
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painting the cut surface of affected organs with an iodine 
solution imparts to sufficiently large deposits of amyloid 
a yellow-red color that is transformed into blue or violet 
after the application of dilute sulfuric acid. This tech- 
nique was first employed over a century ago by Virchow, 
who interpreted the results to be starchlike, hence the 
designation “amyloid.” With the light microscope and 
standard tissue stains, amyloid appears as an amor- 
phous, eosinophilic, hyaline, extracellular substance 
that, with progressive accumulation, encroaches on and 
produces pressure atrophy of adjacent cells. To differ- 
entiate amyloid from other hyalin deposits (e.g., colla- 
gen, fibrin) a variety of histochemical techniques (p. 
201) are employed. Perhaps most widely used is the 
Congo red stain, which under ordinary light imparts to 
tissue deposits a pink or red color, but far more dramatic 
and specific is the green birefringence of the stained 
amyloid when observed by polarizing microscopy (Fig. 
5-29). 

The clinical circumstances under which amyloidosis 
appears as well as the distribution of the deposits 
throughout the body are extremely varied. Numerous 
attempts have been made to discern clinical and ana- 
tomic categories within the wide range of presentations, 
but with only limited success. In the past, classifications 
depended principally on presumed patterns of distri- 
bution of deposits among the organs of the body. One 
putative pattern involved mainly the heart, gastrointes- 
tinal tract, skin, nerves, and tongue and was encoun- 
tered largely in patients free of any concomitant or 
underlying disease, hence its designation as primary 
amyloidosis. Another variant encountered in patients 
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with some chronic inflammatory disease was referred to 
as secondary amyloidosis, with major involvement of 
the liver, spleen, kidneys, and adrenals. There are, 
however, innumerable discrepancies and overlaps in 
these categories, although (as will be seen) they possess 
a germ of truth. More recently, attention has been 
directed to the chemical composition and origins of 
amyloid as possible bases for classification. Despite the 
fact that all deposits have uniform appearance and 
tinctorial characteristics, it is quite clear that amyloid is 
not a chemically distinct entity. There are two major 
and several minor biochemical forms. These are depos- 
ited by several different pathogenetic mechanisms, and 
therefore amyloidosis should not be considered a single 
disease; rather, it is a group of diseases sharing in 
common the deposition of similar-appearing proteins. 
At the heart of the morphologic uniformity is the 
remarkably uniform physical organization of amyloid 
protein, which we will consider first. This will be 
followed by a discussion of the chemical nature of 
amyloid. 

PHYSICAL NATURE OF AMYLOID. Although amyloid 
has a remarkably bland, uninteresting appearance under 
the light microscope, high resolution has disclosed a 
remarkably complex substructure.'?! The amorphous 
deposits are in fact largely made up of nonbranching 
fibrils of indefinite length and a width of approximately 
7.5 to 10 nm (Fig. 5-30). This electron microscopic 
structure is identical in all types of amyloidosis. The 
fibrils may appear singly, in laterally aggregated bun- 
dles, or in an interlocking meshwork. In addition to 
these nonbranching slender fibrils, a minor second 
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Figure 5—29. A, Amyloidosis of the glomerulus. B, Note birefringence of the deposits after Congo red 
Staining. (From Cohen, A. S.: The constitution and genesis of amyloid. Int. Rev. Exp. Pathol. 4:172, 


1965.) 


Figure 5-30. Amyloidosis of the spleen under the electron 
microscope. The amyloid deposit (A) adjacent to a retic- 
ular cell contains a feltwork of delicate fibrils (x 22,500). 
(From Cohen, A. S.: The constitution and genesis of 
amyloid. Int. Rev. Exp. Pathol. 4:178, 1965.) 


component is always present in amyloid, known as the 
P component. Under the electron microscope it appears 
as a pentagonal, doughnut-shaped structure having an 
external diameter of approximately 9 nm and an internal 
diameter of 4 nm. Each pentagon is composed in turn 
of five globular subunits. Stacking of these “doughnuts” 
may create short rods. 

It now appears to be reasonably well established 
that the major factor responsible for the optical features 
by which amyloid deposits are classically identified in 
histologic section is the physicochemical aggregation of 
amyloid fibrils, yielding a “cross-B” pleated sheet on x- 
ray crystallographic analysis.‘ Stated in another way, 
any fibrillar protein deposition that yields a B-pleated 
sheet will give rise to what is recognized as amyloid. 
This physicochemical aggregation gives to amyloid its 
polariscopic characteristics. The increased intensity of 
the birefringence of Congo red—stained amyloid is re- 
lated to the high order of regularity and parallelism of 
the dye molecules bound to the aggregated fibrils. 

CHEMICAL NATURE OF AMYLOID. Major advances in 
our understanding of amyloidosis have emerged from 
the clarification of the chemical structure of amyloid 
fibril proteins that constitute approximately 90% of the 
amyloid material, the remaining 10% being the P com- 
ponent, which is a glycoprotein.!** !° Two chemically 
and antigenically distinct major classes of amyloid fibril 
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proteins have been identified; one called AL (amyloid 
light chain) is derived from plasma cells (immunocytes) 
and contains immunoglobulin light chains; the other, 
designated AA (amyloid associated), is a unique non- 
immunoglobulin protein of uncertain origin. 

These two amyloid proteins are deposited in dis- 
tinct clinicopathologic settings. The AL protein is made 
up of complete immunoglobulin light chains, the N- 
terminus of light chains, or both. Most of the AL 
proteins analyzed are composed of X light chains or 
their fragments, but in some cases k chains have been 
identified. As might be expected, the amyloid fibril 
protein of the AL type is produced by immunoglobulin- 
secreting cells, and their deposition is associated with 
some form of B-cell dyscrasia. The archetype is multiple 
myeloma, a tumor of plasma cells that may be associated 
with the deposition of amyloid of the AL type. In 
multiple myeloma it can be demonstrated that the 
amyloid fibril protein is derived from the circulating 
light chains (i.e., Bence Jones protein, p. 689). In fact, 
Glenner has been able to create a fibrillar precipitate 
that has the typical ultrastructure of amyloid fibrils by 
proteolytic digestion of \ Bence-Jones proteins in vi- 
tro.'” 

The second major class of amyloid fibril protein 
(AA) does not have structural homology to any known 
protein. It has a molecular weight of 8500 and consists 
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of 76 amino acid residues. The AA protein is found in 
those clinical settings alluded to earlier as “secondary 
amyloidosis.’ AA fibrils are believed to be derived from 
a larger precursor in the serum called SAA (serum 
amyloid associated) protein. SAA is an a,-globulin that 
is antigenically related to the AA protein, and has a 
molecular weight of 160,000—180,000. In the serum it 
is associated with a high-density lipoprotein from which 
a smaller 12,000-14,000 dalton subunit can be ob- 
tained.'** Amino acid sequencing of this subunit has 
revealed that SAA is identical to AA for at least the first 
50 amino acid residues, suggesting strongly that AA is 
derived from SAA by proteolytic cleavage. !* 

Two other biochemically distinct proteins have 
been found in amyloid deposits.'” The normal plasma 
protein prealbumin seems to be the major protein 
constituent of amyloid in fairly diverse clinical settings. 
These include the Portugese and Swedish polyneuro- 
pathic forms of familial amyloidosis, !”> !?° senile cardiac 
amyloidosis, '?’ and senile cerebral amyloid.'!* The other 
uncommon form of amyloid protein deposited within 
the medullary carcinoma of thyroid shares chemical 
structure with the hormone calcitonin and is believed 
to be derived from the prohormone form of thyrocalci- 
tonin. 

The P component is distinct from the amyloid fibrils 
but is closely associated with them in all forms of 
amyloidosis. It constitutes approximately 10% of the 
amyloid substance and has been found to be identical 
to a normal a, serum glycoprotein. It has a molecular 
weight of 180,000—220,000 daltons and a striking struc- 
tural homology with C-reactive protein, which is an 
acute-phase reactant. 

CLASSIFICATION OF AMYLOIDOSIS. Amvloidosis has 
been classified in a variety of ways. On the basis of 
tissue distribution of amyloid deposits, one could classify 
amyloid into generalized, involving several organ sys- 
tems, or localized, when the deposits are limited to a 
single organ or tissue such as the heart. Traditionally, a 
generalized pattern of amyloid deposition has been 
subclassified into primary amyloidosis when no obvious 
predisposing cause could be discerned, or secondary 
amyloidosis when it was found in association with 
chronic inflammatory conditions. Amyloidosis associated 
with multiple myeloma has usually been granted a 
separate category since the pattern of tissue involvement 
more closely resembles primary amyloidosis, although 
it is secondary to a known predisposing condition. The 
hereditary forms of amyloidosis constitute a separate, 
albeit heterogeneous, group since the individual inher- 
ited forms have their own distinctive patterns of organ 
involvement. Some of the difficulties encountered in 
finding appropriate “pigeon holes” for the diverse ‘set- 
tings in which amyloid is deposited in the tissues are 
understandable. Amyloidosis, we now know, is not a 
single disease except by merphologic criteria, and there- 
fore it seems logical to take into account the chemical 
nature of the amyloid fibril proteins in arriving at a 
scientifically accurate and clinically useful classification. 
The so-called primary amyloidosis and myeloma-associ- 


ated amyloidosis may be grouped into a single category 
of immunocyte-derived amyloidosis, since an overt or 
covert disorder of B cells underlies the deposition of 
AL proteins in all these cases. The term secondary 
amyloidosis, used to designate amyloidosis associated 
with chronic inflammatory disorders, may best be re- 
placed by the term reactive systemic amyloidosis as 
suggested by Glenner, since even the so-called primary 
amyloidosis is secondary to B-cell dyscrasias.'? A 
schema based on our current knowledge of amyloidosis 
is presented in Table 5-6. 

Immunocyte Dyscrasias with Amyloidosis. Amyloi- 
dosis in this category is usually systemic in distribution 
and is of the AL type. In many of these cases, the 
patients have some form of plasma cell dyscrasia. Best 
defined is the occurrence of systemic amyloidosis in 5 
to 15% of patients with multiple myeloma, a form of 
plasma cell neoplasia characterized by multiple osteo- 
lytic lesions throughout the skeletal system (p. 689). 
The cancerous plasma cells in multiple myeloma char- 
acteristically synthesize abnormal amounts of a single 
specific immunoglobulin (monoclonal gammopathy), 
producing an M (myeloma) protein spike on serum 
electrophoresis. In addition to the synthesis of whole 
immunoglobulin molecules, only the light chains (re- 
ferred to as Bence Jones protein) of either the kappa or 
the lambda variety may be elaborated and found in the 
serum. By virtue of the small molecular size of 
the Bence Jones protein, it is frequently excreted in the 
urine. Almost all the patients with myeloma who de- 
velop amyloidosis have Bence Jones proteins in the 
serum or urine or both, but it should be remembered 
that a great majority of myeloma patients who have free 
light chains do not develop amyloidosis. Clearly, there- 
fore, the presence of Bence Jones proteins, although 
necessary, is by itself not enough to produce amyloi- 
dosis. We shall discuss later the other factors relating 
to the pathogenesis of amyloidosis (p. 200). Amyloidosis 
may also be encountered in a variety of other B-cell 
neoplasms that are much less common. These include 
Waldenstrém’s macroglobulinemia, heavy-chain dis- 
ease, solitary plasmacytomas, and nodular malignant 
lymphoma.'” All these conditions are examples of a 
monoclonal gammopathy. 

The great majority of patients with AL amyloid do 
not have classic multiple myeloma or any other overt 
B-cell neoplasm; such cases have been. traditionally 
classified as “primary amyloidosis” since their clinical 
features derive from the effects of amyloid deposition 
without any other associated disease. However, in a 
vast majority of such cases, monoclonal immunoglobu- 
tins and/or free light chains can be found in the serum 
or urine.'*** Most of these patients also have a modest 
increase in the number of plasma cells in the bone 
marrow, which presumably secrete the precursors of 
AL protein. Clearly, these patients have an underlying 
B-cell dyscrasia (“covert myeloma’) in which production 
of an abnormal protein, rather than production of tumor 
masses, is the predominant manifestation. Whether the 
condition of most of these patients would evolve into 
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Table 5-6. CLASSIFICATION OF AMYLOIDOSIS 


eee eee reer ere renee errr EVO 


Major Fibril . 
Clinicopathologic Category Associated Diseases Protein Chemically Related Protein 
Immunocyte dyscrasias with Multiple myeloma, monoclonal AL Immunoglobulin light chains 
amyloidosis gammopathy, and other B-cell 
neoplasms 
Reactive systemic amyloidosis Chronic inflammatory conditions, AA SAA 
Hodgkins disease, and other 
nonlymphoid solid tumors 
Hereditary amyloidosis (several 
subtypes) 
1. Familial Mediterranean fever AA SAA 
2. Neuropathic forms (several), 
e.g., Portuguese AF, Prealbumin 
Swedish AF, Prealbumin 
Localized 
1. Endocrine, 
e.g., Medullary carcinoma AE, Thyrocalcitonin 
2. Senile, 
e.g., Cardiac AS, Prealbumin 
Cerebral AS* Prealbumin 


meee enna eee e eee rere eee ee nnn ee 


*Nomenclature of fibril protein not established. 


Based on Glenner, G. G.: Amyloid deposits and amyloidosis. The B-fibrilloses. N. Eng. J. Med. 302:1283, 1980; and Husby, G.: A 
chemical classification of amyloid. Correlation with different types of amyloidosis. Scand. J. Rheumatol. 9:60, 1980. 

AL = amyloid light chain; AA = amyloid associated (protein); AF = amyloid familial; AF, = AF Portuguese; AF, = AF Swedish; AE, 
= amyloid endocrine, thyroid; AS = amyloid senile; AS, = AS cardiac. 


multiple myeloma if they lived long enough can only be 
a matter for speculation. 

Reactive Systemic Amyloidosis. The amyloid depos- 
its in this pattern are systemic in distribution and are 
composed of AA protein. This category is commonly 
referred to as “secondary amyloidosis” since it is be- 
lieved to be secondary to the associated inflammatory 
condition. The feature common to most of the conditions 
associated with reactive systemic amyloidosis is pro- 
tracted breakdown of cells resulting from a wide variety 
of infectious and noninfectious chronic inflammatory 
conditions. At one time tuberculosis, bronchiectasis, 
and chronic osteomyelitis were the most important 
underlying conditions, but with the advent of effective 
antimicrobial chemotherapy the importance of these 
conditions has diminished. More commonly now, reac- 
tive systemic amyloidosis complicates rheumatoid ar- 
thritis, other connective tissue disorders such as der- 
matomyositis and scleroderma, and inflammatory bowel 
disease, particularly regional enteritis and ulcerative 
colitis. Among these, the most frequent associated con- 
dition is rheumatoid arthritis. Amyloidosis is reported 
to occur in 14 to 26% of patients with rheumatoid 
arthritis. '2° These figures obtained from autopsy studies 
may be somewhat higher than the true frequency of 
amyloidosis in an unselected group of rheumatoid ar- 
thritis patients. Reactive systemic amyloidosis may occur 
in association with non—immunocyte-derived tumors, 
the two most common being renal cell carcinoma and 
Hodgkin's disease. 

Heredofamilial Amyloidosis. A variety of familial 
forms of amyloidosis have been described. Most of them 
are rare and occur in limited geographic areas. The 
most common and best studied is an autosomal recessive 


condition called familial Mediterranean fever. This is a 
febrile disorder of unknown cause characterized by 
attacks of fever accompanied by inflammation of serosal 
surfaces, including peritoneum, pleura, and synovial 
membrane. This disorder is encountered largely in 
individuals of Armenian, Sephardic Jewish, and Arabic 
origins. It is associated with widespread tissue involve- 
ment indistinguishable from reactive systemic amyloi- 
dosis. Quite interestingly, the amyloid fibril] proteins 
are identical to AA proteins, suggesting that they may 
be related to the recurrent bouts of inflammation that 
characterize this disease. 

In addition to familial Mediterranean fever, which 
as stated is autosomal recessive, a large number of 
obscure hereditary disorders having autosomal dominant 
modes of transmission are associated with fairly specific 
patterns of organ involvement. They are so rare that 
none merits specific description. Suffice it that they can 
be broken down into the following categories based on 
the principal sites of amyloid deposition: (1) neuropa- 
thies, (2) nephropathies, (3) cardiopathies, and (4) mis- 
cellaneous. Familial clusters within each of these cate- 
gories have been described in different parts of the 
world. For example, neuropathic amyloidosis has been 
identified in individuals in Portugal, Japan, Sweden, 
and the United States. As mentioned previously, in two 
of the neuropathic forms (Portuguese and Swedish) the 
amyloid fibril has been characterized as being related 
to serum prealbumin. 

Localized Amyloidosis. Sometimes amyloid deposits 
are limited to a single organ or tissue without involve- 
ment of any other site in the body. The deposits may 
produce grossly detectable nodular masses or be evident 
only on microscopic examination. Nodular (tumor-form- 
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ing) deposits of amyloid are most often encountered in 
the lung, larynx, skin, urinary bladder, tongue, and 
region of the eye.'**“ Frequently there are infiltrates of 
lymphocytes and plasma cells in the periphery of these 
amyloid masses, raising the question of whether the 
mononuclear infiltrate is a response to the deposition of 
amyloid or instead is responsible for it. At least in some 
cases the amyloid consists of AL protein’ and may 
therefore represent a localized form of immunocyte- 
derived amyloid. However, not enough information is 
available to enable generalizations to be made about the 
nature of localized amyloid. 

Microscopic deposits of localized amyloid may be 
found in tissues and tumors of the APUD system: 
medullary carcinoma of the thyroid gland, islet tumors 
of the pancreas, pheochromocytomas, and undifferen- 
tiated carcinomas of the stomach and in the islets of 
Langerhans in patients with diabetes mellitus. In all 
these settings it is suspected that the amyloidogenic 
proteins are derived by enzymic conversion of the 
polypeptide hormones or prohormones. This is con- 
firmed in at least one case: medullary carcinoma of the 
thyroid, in which the amyloid material seems to be 
related to the hormone thyrocalcitonin. 

Amyloid of Aging. There is a well-documented cor- 
relation between amyloid deposition and aging. In el- 
derly patients (usually in the eighth and ninth decades 
of life) amyloid deposits can often be found in the heart, 
brain, pancreas, and spleen.'° Although in many in- 
stances the amyloidosis does not produce clinical dis- 
ease, cardiac amyloidosis, as will be pointed out, can 
become sufficiently advanced to be grossly evident and 
cause serious cardiac dysfunction. Chemically, both 
senile cardiac and cerebral amyloid have been found to 
be related to prealbumin. 

PATHOGENESIS OF AMYLOID FORMATION. It is now 
generally accepted that the two major forms of amyloid 
proteins, AL and AA, are derived from proteolytic 
cleavage of their precusor proteins, immunoglobulin 
light chains and SAA, respectively.’ *! But several 
questions remain unanswered. What triggers the pro- 
duction of amyloidogenic precursors? What are the cells 
and sites involved in the degradation of the precursor 
proteins? Why do only a small fraction of those at risk 
develop amyloidosis? At present we can only make 
“intelligent guesses. ” 

Taking first the case of reactive systemic amyloi- 
dosis, we know that patients with chronic inflammatory 
diseases have elevated serum levels of SAA. Thus, it 
may be presumed that an excess of the precursor is 
related to the formation of amyloid. Unfortunately, the 
situation is much more complex. SAA behaves as an 
acute-phase reactant, and although its serum concentra- 
tion in healthy individuals is very low, the levels rise 
several hundred—fold within 24 hours of acute inflam- 
matory stimuli. The major site of synthesis of SAA, at 
least during the acute-phase reaction, is the liver.!*4 
Experimentally, it is possible to stimulate the produc- 
tion of hepatic SAA by a soluble factor released by 
activated macrophages. In chronic inflammation, there- 
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fore, it could be conjectured that increased production 
of SAA is in response to sustained activation of macro- 
phages. However, it is not yet clear whether liver is 
the only site of SAA production. Granulocytes, fibro- 
blasts, and spleen have also been implicated. Increased 
production of SAA may be an important risk factor in 
the pathogenesis of amyloidosis, but its breakdown also 
appears to be involved. Although the exact mechanism 
by which SAA is metabolized is not clear, it has been 
reported that membrane-bound serine esterases of blood 
monocytes can degrade SAA.’ It is conceivable, then, 
that some acquired or genetic defect in the monocyte- 
mediated degradation of SAA may result in its incom- 
plete cleavage into insoluble AA intermediates. In ad- 
dition to the monocyte-related proteolysis, a poorly 
defined serum factor capable of degrading AA proteins 
in vitro has also been demonstrated. Preliminary reports 
suggest that the serum amyloid degrading activity is 
reduced in patients with amyloidosis associated with 
rheumatoid arthritis and familial Mediterranean fe- 
ver. 84 Another factor relevant to the handling of SAA 
may be the type of SAA formed. On the basis of 
physicochemical characteristics, at least six species of 
SAA proteins have been discovered.’ Whether some 
are more prone to abnormal degradation, and thus more 
amyloidogenic, remains to be investigated. 

The case of immunocyte-derived amyloid (AL) is 
somewhat less complex. We know with certainty both 
the source and the identity of the precursor proteins 
(i.e., imrnunoglobulin light chains). As already dis- 
cussed, the derivation of amyloid-like fibrils from Bence 
Jones proteins in vitro has also been demonstrated. 
Unknown, however, is why only a small fraction of 
individuals with circulating free light chains develop 
amyloidosis. Conceivably some light chains are more 
amyloidogenic than others. In addition to their amyloi- 
dogenic potential, the subsequent cleavage of light 
chains may also be important, as discussed above. 

In summary, both the overproduction of precursor 
proteins, and their defective degradation, seem to be 
involved in the pathogenesis of amyloid fibril forma- 
tion.’*' Since the amyloid fibrils are insoluble in physi- 
ologic fluids, it must be that the process of fibrillogenesis 
takes place in proximity to the sites of deposition. The 
cells involved in the conversion of the precursor proteins 
into the fibrils are not fully characterized, but macro- 
phages seem to be the most likely candidates. Whether 
the conversion of the soluble precursors into amyloid 
occurs intracellularly within phagocytes or close to the 
plasma membrane in the ground substance is not yet 
resolved. 


MORPHOLOGY. There are no consistent or distinctive 
patterns of organ or tissue distribution of amyloid deposits 
in any of the categories cited. Nonetheless, a few generali- 
zations can be made. Amyloidosis secondary to chronic 
inflammatory disorders tends to yield the most severe sys- 
temic involvements. Kidneys, liver, spleen, lymph nodes, 
adrenals, and thyroid, as well as many other tissues, are 
classically involved. Although immunocyte-associated amy- 
loidosis cannot reliably be distinguished from the secondary 


form by its organ distribution, more often it involves the 
heart, gastrointestinal tract, peripheral nerves, skin, and 
tongue. In addition, bizarre distributions, such as amyloidosis 
of the eye and respiratory tract, are encountered more often 
in patients with immunocyte-associated amyloidosis. How- 
ever, the same organs affected by reactive systemic amy- 
loidosis (Secondary amyloidosis), including kidneys, liver, 
and spleen, may also contain deposits in the immunocyte- 
associated form of the disease. Certain common features 
characterize amyloidosis wherever it is deposited. When 
present in only small amounts, it produces no apparent 
gross abnormalities. Often the presence of small amounts 
of amyloid is not suspected macroscopically until after the 
surface of the cut organ is painted with iodine and sulfuric 
acid. With larger amounts the involved organ often assumes 
a rubbery, firm consistency and a waxy, gray appearance. 

Histologically, the depositions always begin between 
cells, often closely adjacent to basement membranes. With 
progression, and as the amount of amyloid accumulates, 
nodular masses fuse and encroach on neighboring cells. In 
the advanced stages of this process, large masses of 
amyloid completely entrap and, in time, destroy the cellular 
constituents of the involved organ. 


Figure 5-31. Amyloidosis in the kidney under the electron 
microscope to illustrate the subendothelial location of the 
amyloid deposit (A). In the lower figure (x23,000), the 
location between the basement membrane (arrow) and the 
endothelial cell (E) is clearly shown. (From Cohen, A. S.: 
The constitution and genesis of amyloid. Int. Rev. Exp. 
Pathol. 4:176, 1965.) 
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The histologic diagnosis of amyloid is based almost 
entirely on its staining characteristics. The most com- 
monly used staining technique utilizes the dye Congo 
red, which under ordinary light imparts a pink or red 
color to amyloid deposits. Under polarized light the 
Congo red-stained amyloid shows a green birefringence 
(Fig. 5-29). This reaction is shared by all forms of amyloid 
and is due to the cross-B-pleated configuration of amyloid 
fibrils. A recent report suggests that AA and AL amyloid can 
be distinguished in histologic sections. AA protein loses 
affinity for Congo red after incubation of tissue sections with 
potassium permanganate, whereas AL proteins and other 
chemical forms of amyloid do not.'%® Other methods of 
differentiating amyloid from hyaline deposits include some- 
what less specific histochemical techniques. For example, 
amyloid is metachromatic (violet to pink) with crystal or 
methyl violet. It yields secondary fluorescence in ultraviolet 
light with the dyes thioflavine T and S. For routine diagnosis, 
birefringence after Congo red staining is the most widely 
practiced and reliable tool. Confirmation can be obtained by 
electron microscopy. AA protein (unlike AL protein) is not 
denatured by formalin fixation, and hence it is possible to 
identify this specific form of amyloidosis in paraffin-embed- 
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ded tissue sections by the immunoperoxidase method, or by 
extraction and subsequent chemical analyses. '%° 

Since the pattern of organ involvement in different 
clinical forms of amyloidosis is variable, each of the major 
organ involvements will be described separately. 

Kidney. Amyloidosis of the kidney is the most common 
and potentially the most serious form of organ involvement. 
In most reported series of patients with amyloidosis, renal 
amyloidosis is the major cause of death. On gross inspection, 
the kidney may appear normal in size and color or it may 
be enlarged, pale gray, and firm. Often the cortical surface 
shows a slight undulation due to subcapsular masses of 
amyloid. It is not unusual, however, for the kidney to be 
shrunken and contracted even in the absence of other 
intercurrent nephropathies. This contraction is attributable to 
vascular narrowing induced by the deposition of amyloid 
within arterial and arteriolar walls. 

Histologically, the selective sites of amyloid involvement 
are primarily the glomeruli, but the interstitial peritubular 
tissue, arteries, and arterioles are also affected. The glo- 
merular deposits first appear as subtle thickenings of the 
mesangial matrix, accompanied usually by barely discerni- 
ble, uneven widening of the basement membranes of the 
glomerular capillaries. In time, the mesangial depositions 
and the depositions along the basement membranes cause 
capillary narrowing and distort the glomerular vascular tuft. 
With the electron microscope, the fibrillar accumulations 
begin on the endothelial side of the basement membrane 
and then appear to flood over the basement membrane to 
abut the contiguous podocytes (Fig. 5-31). In many in- 
stances, the epithelial cells lose their foot processes. With 
progression of the glomerular amyloidosis, the endothelial 


cells are enveloped, the capillary lumina are obliterated, and 
the obsolescent glomerulus is flooded by confluent masses 
or interlacing broad ribbons of amyloid (Fig. 5-32). Often 
the enlarged damaged vascular tufts obliterate the urinary 
space, and with time all normal architecture is wiped out. 

The peritubular deposits also begin in apposition to the 
tubular basement membranes, and progressively extend into 
the intertubular connective tissue as well as encroach on 
the tubular lumina. The overlying tubular epithelium may be 
unaffected or may undergo regressive changes. Often, pro- 
teinaceous casts fill these tubular lumina. In cases of mye- 
loma-associated amyloidosis, the casts sometimes exhibit 
birefringence with Congo red stain, suggesting that they are 
composed of amyloid proteins. The vascular involvement 
takes the form of pink, hyaline thickening of arterial and 
arteriolar walls, often with narrowing of the lumina. With 
such ischemia, widespread tubular atrophy and interstitial 
fibrosis superimpose themselves upon the basic deformity 
produced by the amyloidosis. 

Spleen. Amyloidosis of the spleen may be inapparent 
grossly or may cause moderate-to-marked splenomegaly 
(up to 800 gm). It is believed that the amyloid deposits begin 
in the perifollicular regions, but almost always, by the time 
they are observed in postmortem studies, the deposits are 
far more widespread. For completely mysterious reasons, 
one of two patterns emerges. In one the deposit is largely 
limited to the splenic follicles, producing tapioca-like granules 
on gross inspection, designated “sago” spleen. Microscopy 
indicates that the amyloid is laid down in a lacy pattern 
surrounding individual or nests of follicular cells, but even- 
tually in more marked cases it fuses into a conglomerate 
mass, replacing the follicle. In the other pattern, the amyloid 


Figure 5-32. Amyloidosis of the kidney. The glomerular architecture is almost totally obliterated by 
the massive accumulation of amyloid. 
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Figure 5-33. Amyloidosis of the spleen. The coalescent masses of amyloid surround the spleen 


cells. 


appears to spare the follicles and instead involves the walls 
of the splenic sinuses and connective tissue framework. The 
pulp is therefore affected rather than the follicles (Fig. 5— 
33). Here again, fusion of the early deposits gives rise to 
large, maplike areas of amyloidosis, creating what has been 
designated the “lardaceous” spleen (Fig. 5-34). Ultrastruc- 
tural studies indicate that the early deposits always occur 
between cells or in immediate apposition to the basement 
membranes of the mononuclear phagocytic (reticuloendo- 
thelial) cells of the splenic sinuses, as well as within the 
walls of small blood vessels. 

Liver. Amyloidosis of the liver was found in 52 of 53 
patients with reactive systemic and in 17 of 20 patients with 
immunocyte associated disease in one large series.'*” Here 
again, the deposits may be grossly inapparent or may cause 
moderate-to-marked hepatomegaly. With enlargement, the 
liver assumes a pale, waxy-gray, firm appearance. The 
amyloid appears first in the space of Disse and then pro- 
gressively encroaches on adjacent hepatic parenchymal 
cells and sinusoids. In time, deformity, pressure atrophy, 
and eventual disappearance of hepatocytes occur, causing 
total replacement of large areas of liver parenchyma (Fig. 
5-35). Vascular involvement and Kupffer cell depositions 
are frequent. Normal liver function is usually preserved 
despite sometimes quite severe involvement of the liver. 

Heart. Amyloidosis of the heart may occur in any form 
of systemic amyloidosis, much more commonly in persons 
with immunocyte-derived disease. In some patients it rep- 
resents an isolated organ involvement, and almost invariably 
the patient is over 70 years of age (amyloid of aging). The 
heart may be enlarged and firm but more often shows no 
significant changes on cross section of the myocardium. 
Somewhat distinctive findings, when present, are pink-to- 
gray pinpoint or nodular elevations of the endocardium, 
having a dewdrop appearance. Histologically, the deposits 
begin in focal subendocardial accumulations and within the 
myocardium between the muscle fibers. Expansion of these 
myocardial deposits eventually causes pressure atrophy of 
myocardial fibers (Fig. 5-36). Vascular and subepicardial 
accumulations may also occur. In most cases the deposits 


_ are separated and widely distributed, but when subendocar- 


dial the conduction system may be damaged, accounting for 
the electrocardiographic abnormalities noted in some pa- 
tients. '°* 


Figure 5-34. Amyloidosis of spleen. The focal deposits appear 
paler than the surrounding substance and in some areas are 
confluent. The pattern is that known as “lardaceous.” 
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Figure 5-35. Amyloidosis of the liver. Pressure atrophy of hepatic 


cords by amyloid. Some cells are compressed and distorted, while 
others have been replaced by the amyloid deposit. 


Other Organs. Amyloidosis of other organs is generally 
encountered in systemic disease. The adrenals, thyroid, and 
pituitary are common sites of involvement. In the adrenals, 
the intercellular deposits begin adjacent to the basement 
membranes of the cortical cells, usually first in the zona 
glomerulosa. With progression, the deposits encroach on 
cortical cells and advance into the deeper layers of the 
cortex. Large sheets of amyloid may replace considerable 
amounts of the cortical parenchyma. Simil*r patterns are 
seen in the thyroid and pituitary. The gastrointestinal tract 
may be involved at any level, from the oral cavity (gingiva, 
tongue) to the anus. The early lesions are largely perivas- 
cular in origin but eventually extend to involve the adjacent 
areas of the submucosa, muscularis, and subserosa. Coa- 
lescence of these small deposits may produce plaques or 
bands of firm gray substance. Nodular depositions in the 
tongue may cause macroglossia, giving rise to the desig- 
nation ‘‘tumor-forming amyloid of the tongue.” The res- 
piratory tract may be involved focally or diffusely from the 
larynx down to the smallest bronchioles. Once again, the 
deposits are often perivascular in location, found in the 
submucosa, but enlargement may yield plaques, nodules, 
or polyps that protrude directly beneath the covering epithe- 
lium. Amyloidosis of the central nervous system has been 
reported within so-called plaques in the brain in elderly 
patients having Alzheimer’s disease, and has been found in 
peripheral neuropathies, particularly in certain heredofamilial 
syndromes. Curiously, amyloid infiltrations of the carpal 
ligaments may give rise to the carpal tunnel syndrome. 


CLINICAL CORRELATION. Amyloidosis may be found 
as an unsuspected anatomic change, having produced 
no clinical manifestations, or it may cause death. The 
symptomatology depends, as you might expect, on the 
magnitude of the deposits and on the particular sites or 
organs affected. Clinical manifestations at first are often 
entirely nonspecific, such as weakness, weight loss, 


lightheadedness, or syncope. Somewhat more specific 
findings appear later and most often relate to renal, 
cardiac, and gastrointestinal involvement, but hepato- 
megaly and splenomegaly and alterations in serum pro- 
teins may also be present. 

Renal involvement is the dominating and most life- 
threatening feature of most cases of reactive systemic 
(secondary) amyloidosis, including those patients with 
familial Mediterranean fever. It may also be present 
(although less consistently) in patients with amyloidosis 
associated with immunocyte dyscrasias. Proteinuria and 
protein and occasionally cellular casts are the principal 
urinary findings in renal amyloidosis. The proteinuria 
of renal amyloidosis is an important cause of the ne- 
phrotic syndrome (p. 1011), since it may be sufficiently 
severe to induce hypoalbuminemia. Progressive obliter- 
ation of glomeruli in advanced cases ultimately leads to 
renal failure and uremia. It is worth noting that, unlike 
most causes of renal failure, amyloidosis is not usually 
associated with hypertension. 

Cardiac amyloidosis is extremely common in pa- 
tients with immunocyte-derived amyloidosis, but is less 
frequently present in those with reactive systemic amy- 
loidosis. It is also encountered in familial Mediterranean 
fever and other familial forms of amyloidosis, and as an 
“isolated” involvement in patients of advanced age, 
when it is sometimes called senile cardiac amyloidosis. 
Whether clinical manifestations will appear depends on 
the severity and extent of the amyloid deposits. When 
symptomatic, the typical presentation is the insidious 


Figure 5-36. Amyloidosis of aging in the heart. The amyloid 
surrounds isolated myocardial fibers and has caused atrophy of 
others. 


onset of congestive heart failure. Heart sounds are often 
faint, and the electrocardiogram frequently shows low 
voltage. The most serious aspects of cardiac amyloidosis 
are the conduction disturbances and arrhythmias. In- 
deed, in patients with significant cardiac amyloidosis, as 
many as half die suddenly of an arrhythmia. This form 
of heart disease responds poorly to digitalis therapy; in 
fact, fatal arrhythmias may be precipitated by digitalis 
administration. Occasionally, cardiac amyloidosis pro- 
duces a restrictive pattern of cardiomyopathy and mas- 
querades as chronic constrictive pericarditis (p. 599). 

Gastrointestinal amyloidosis may be entirely 
asymptomatic or present in a variety of ways. Nodular 
(tumor-forming) amyloidosis of the tongue may cause 
sufficient enlargement and inelasticity to hamper speech 
and swallowing. Depositions in the stomach and intes- 
tine may lead to disturbances in digestion, malabsorp- 
tion, and diarrhea. There is a current belief that many 
of these symptoms result from the involvement of the 
autonomic nerves and ganglia within the gastrointestinal 
tract.'°° Many more clinical signs and symptoms may 
appear, and these are available in an excellent recent 
review. '254 

Even when amyloidosis is suspected on the basis 
of the clinical findings, resort must be made to biopsy 
and morphologic demonstration of the depositions to 
confirm the clinical impression. The most common sites 
biopsied are the kidney, when renal manifestations are 
present, or rectal or gingival tissue in patients suspected 
of having systemic amyloidosis. Gingival and/or rectal 
biopsies are positive in the majority of advanced cases 
with systemic disease. Sometimes the amyloid in these 
biopsy sites is restricted to perivascular locations and is 
not readily evident on usual tissue sections so that 
Congo red staining and polariscopic examination are 
requisite. Obviously a negative biopsy does not rule out 
amyloidosis, since the particular site selected may have 
been spared. 

In suspected cases of immunocyte-associated amy- 
loidosis, serum and urine protein electrophoresis and 
immunoelectrophoresis should be performed. Bone 
marrow aspirates in such cases often show plasmacytosis 
even in the absence of overt multiple myeloma. Esti- 
mation of SAA protein level is not commonly available, 
and in any case of no particular help, since elevation of 
SAA proteins often occurs in several acute and chronic 
inflammations without amyloidosis. 

The prognosis for patients with generalized amy- 
loidosis is poor. Those with immunocyte-derived amy- 
loidosis (not including multiple myeloma) have a median 
survival of 14 months after diagnosis. Patients with 
myeloma-associated amyloidosis have a worse prognosis. 
The outlook for patients with reactive systemic amyloi- 
dosis is somewhat better and depends to some extent 
on the control of the underlying condition. Resorption 
of amyloid after treatment of the associated condition 
has been reported,'*® but the exact frequency of such a 
fortunate outcome is difficult to ascertain since there is 
no quantitative method for estimating the amyloid mass 
in the body. 
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IMMUNOLOGIC DEFICIENCY 
SYNDROMES 


The immunologic deficiency syndromes are exper- 
iments of nature that beautifully document the com- 
plexities inherent in man’s immune system. Nowhere 
has relevance of the individual components of immu- 
nologic function been more distinctly shown than when 
deficiencies of single components have given rise to 
distinctive disorders. Indeed, many of the important 
concepts of immunology either arose from or were 
confirmed by the study of clinical examples of specific 
immunodeficiencies. Traditionally, immunodeficiency 
disorders are considered according to the primary com- 
ponent or components involved, i.e., the B cell, the T 
cell, the undifferentiated stem cell, or complement; 
however, in view of the major cell interactions between 
T and B lymphocytes and macrophages, these distinc- 
tions are not clear-cut. Indeed, dissection of the under- 
lying bases of various immunodeficiency states with 
monoclonal antibodies is beginning to reveal that several 
states of antibody deficiency are related to abnormal 
regulation by T-helper or -suppressor cells." 

Immunodeficiencies can also be divided into the 
primary immunodeficiency disorders, which are almost 
always genetically determined, and secondary immu- 
nodeficiency states, arising as complications of infec- 
tions, malnutrition, aging, or side effects of immuno- 
suppression, irradiation, or chemotherapy for cancer 
and other autoimmune diseases. Both primary and 
secondary immunodeficiency disorders are being dis- 
covered with increasing frequency because of new lab- 
oratory methods that can detect various cellular and 
humoral components of the immunologic reaction.!” 
Here we shall briefly discuss some of the more important 
primary immunodeficiencies, and a mysterious and often 
lethal condition called acquired immunodeficiency syn- 
drome. 


PRIMARY IMMUNODEFICIENCIES 


The primary immunodeficiency diseases are genet- 
ically determined and may affect specific immunity (i.e., 
humoral and cellular) or nonspecific host defense mech- 
anisms mediated by complement proteins, and cells 
such as phagocytes or NK cells. Most primary immu- 
nodeficiencies manifest themselves in infancy, between 
6 months and 2 years of life, and are noted because of 
the susceptibility of infants to recurrent infections. 
Detailed classification of the primary immunodeficien- 
cies according to the suggested cellular defect may be 
found in the WHO report on immunodeficiency and 
other specialized sources.'*? Only a few examples will 
be presented here. 


X-linked Agammaglobulinemia of Bruton 


This is one of the most common forms of primary 
immunodeficiency and is characterized by the virtual 
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absence from the serum of immunoglobulins, although 
small amounts of IgG may sometimes be present. It is 
an X-linked disease restricted to males, but there is no 
linkage with other markers on the X chromosome. 
Severe recurrent infections may begin as early as 8 
months of age, when maternal immunoglobulins are 
depleted, but sometimes three years elapse before 
repeated infections call attention to the disorder. The 
most common offending organisms are pyogenic (e.g., 
staphylococcus, Hemophilus influenzae), and patients 
have recurrent conjunctivitis, pharyngitis, otitis media, 
bronchitis, pneumonia, and skin infections. 

The classic characteristics, first described by Bru- 
ton, are those that would be expected from a primary 
B-cell deficiency. B cells are virtually absent in the 
blood except in verv rare cases. Pre-B cells, which are 
large lymphoid cells with intracytoplasmic IgM but no 
surface immunoglobulins, have recently been found in 
normal numbers in some of these patients. Thus, the 
basic defect seems to be failure of pre-B cells to mature 
into B cells.‘ The lymph nodes and spleen lack ger- 
minal centers, and plasma cells are absent from the 
lymph nodes, spleen, bone marrow, and connective 
tissue. Tonsils in particular are poorly developed or 
rudimentary. In those rare cases in which B cells are 
present, they usually fail to respond to mitogenic or 
antigenic stimuli in vitro and are incapable of secreting 
immunoglobulin.'” There are, however, normal num- 
bers of circulating and tissue T cells, and T-cell function 
as measured by delayed hypersensitivity tests and allo- 
graft rejection is normal. As mentioned, patients are 
agammaglobulinemic or severely hypogammaglobuli- 
nemic, and they fail to produce antibodies to bacteria 
or viruses and in response to many vaccines. There is a 
remarkably high incidence of various autoimmune con- 
nective tissue diseases in these patients, and about one- 
third of them may develop an indolent form of rheu- 
matoid-like arthritis, which responds to gamma-globulin 
therapy. Dermatomyositis, lupus ervthematosus, and 
diffuse vasculitis are also rather common in these pa- 
tients. Children can resist many virus infections without 
difficulty (e.g., measles, varicella, and mumps) and also 
resist infections by mycobacteria and low-grade patho- 
gens reasonably well. This is a reflection of their normal 
phagocytic cell-mediated immunologic functions or abil- 
ities. Curiously, however, they are unable to resist 
infection by hepatitis virus, which mav cause cither 
severe liver destruction or chronic active hepatitis, and 
may be predisposed to cerebrospinal fluid infections 
caused by polioviruses and different types of ECHO 
Viruses. 


Common Variable Immunodeficiency 


This rather poorly defined category is by far the 
most common form of immunodeficiency with serious 
clinical impact. It represents a group of syndromes that 
occur in both males and females, can be congenital or 
acquired, and appear at any time between the ages of 2 
and 80 years. Some of the cases are familial, but there 


is no clear-cut mode of transmission. The group has in 
common (1) clinical manifestations of antibody defi- 
ciency, such as recurrent pneumococcal pneumonia or 
infections; and (2) a persistent hypogammaglobulinemia, 
which may affect all the immunoglobulins. However, 
agammaglobulinemia of the degree seen in Bruton’s 
disease is unusual. 

There are other differences also. Patients with 
common variable immunodeficiency are often affected 
with a sprue-like malabsorption syndrome that seems to 
be related to gluten sensitivity. Infestation by the pro- 
tozoon Giardia lamblia is also quite common. Another 
feature is the frequent occurrence of noncaseating gran- 
ulomas in the liver, lungs, spleen, and skin without any 
consistent microbial cause. Most of the patients have 
normal levels of circulating B cells. Histologically, the 
B-cell areas, i.e., the lymphoid follicles in the nodes, 
spleen, and gut, may look markedly hyperplastic, sug- 
gesting that B cells can proliferate in response to anti- 
gens, but they fail to mature into immunoglobulin- 
secreting plasma cells. In some patients the basis of the 
defect in immunoglobulin secretion seems to be an 
inability to glycosvlate the heavy chain.'” In other 
patients, the B cells appear to be intrinsically normal 
but there are abnormalities in immunoregulatory T cells. 
Both lack of T-helper function'® and excessive suppres- 
sor-cell function have been described.'* Also included 
in this obviously heterogeneous group are some patients 
with associated defects in cell-mediated immunity and 
macrophage functions. '” 

These patients also have a high frequency of au- 
toimmune diseases including rheumatoid arthritis, per- 
nicious anemia, and hemolytic anemia. Lymphoid ma- 
lignancy also sometimes develops several vears after 
immunologic deficiency is diagnosed. 


Isolated IgA Deficiency 


This is a very common immunodeficiency that 
occurs in about one in 600 individuals and consists of 
the virtual absence of both serum and secretory IgA. It 
may be familial or acquired in association with toxoplas- 
mosis, measles, or some virus infection. Most of these 
individuals are completely asymptomatic, but some have 
repeated sinopulmonary infections caused by both bac- 
teria and viruses. In addition, these patients have a high 
incidence of respiratory tract allergy and a variety of 
autoimmune diseases, particularly SLE and rheumatoid 
arthritis. The basis of the increased frequency of autoim- 
mune and allergic diseases is not known. Since secretory 
IgA normally acts as a mucosal barrier against foreign 
proteins and antigens, it could be speculated that un- 
regulated absorption of foreign protein antigens triggers 
abnormal immune responses in vivo. 

The basic defect is in the differentiation of IgA B 
Ivmphocytes. Normally, the first IgA B cells are de- 
tected in the 12-week-old fetus. These immature cells 
have surface IgM and IgD in addition to IgA. Transition 
to mature IgA B cells starts at birth, and in adults only 
10% of the IgA B cells express surface IgM and IgD; 


the majority express only IgA. In most patients with 
selective IgA deficiency, the number of IgA-positive B 
cells is normal, but most of them express the immature 
phenotype and very few of these cells can be induced 
to transform into IgA plasma cells in vitro.'*® Other 
mechanisms such as IgA-specific T-suppressor cells and 
inadequate T-helper cells have also been implicated. 
However, whether these abnormalities are primary or 
arise as a consequence of the IgA deficiency is not 
entirely established. ! 


DiGeorge’s Syndrome (Thymic Hypoplasia) 


This is an example of selective T-cell deficiency and 
derives from failure of development of the third and 
fourth pharyngeal pouches. The latter give rise to the 
thymus, the parathyroids, some of the clear cells of the 
thyroid, and the ultimobranchial body. Thus, these 
patients have total absence of cell-mediated immune 
responses (due to lack of thymus), tetany (due to lack of 
parathyroids), and congenital defects of the heart and 
great vessels. In addition, the appearance of the mouth, 
ears, and facies may be abnormal. Absence of cell- 
mediated immunity is reflected in low levels of circu- 
lating lymphocytes and a poor defense against certain 
fungal and viral infections. Sometimes the lymphocyte 
counts may be normal, in which case virtually all the 
lymphocytes are B cells. Plasma cells are present in 
normal numbers in lymphoid tissues, but the thymic- 
dependent paracortical areas of the lymph nodes and 
the periarteriolar sheaths of the spleen are depleted. 
Immunoglobulin levels tend to be normal. 

Support for the idea that this syndrome is directly 
attributable to maldevelopment of the thymus also 
comes from the successful treatment of some patients 
with this disease with thymic hormones (thymosin), by 
transplantation of fetal thymus or thymic epithelium. 
The syndrome is not genetically determined but appears 
to be the result of an intrauterine accident before the 
eighth week of gestation. Patients with “partial” Di- 
George's syndrome who have an extremely small but 
histologically normal thymus have also been recorded. 
T-cell function improves with age in these children, so 
that by 5 years of age many have no T-cell deficit. 


Severe Combined Immunodeficiency (SCID) 


This is an extremely serious form of inherited 
immunodeficiency syndrome characterized by defects 
in both T cell-mediated and humoral immunity. This 
disorder is heterogeneous with respect to both pattern 
of inheritance and underlying defects in T and B cells. 
Two modes of transmission are recognized—autosomal 
recessive and X-linked recessive. Many patients with 
the autosomal recessive form of SCID lack the enzyme 
adenosine deaminase (ADA) in their cells. The impli- 
cations of enzyme deficiency in the pathogenesis of the 
immunologic abnormalities is discussed later. 

Although all patients show impairment of both T- 
and B-cell functions, in general there is greater loss of 
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T-cell immunity. Most patients are severely lympho- 
penic and lack mature T lymphocytes in the blood. The 
few T cells found in the circulation bear the OK T9 and 
OK T10 antigens characteristic of very immature intra- 
thymic T cells.!°° When bone marrow cells from some 
SCID patients are incubated with normal thymic epi- 
thelial cells or thymic hormones, they fail to differentiate 
normally suggesting a defect in the stem cells.!*! How- 
ever, other patients have shown improvement in T-cell 
functions after transplantation of thymus, which suggests 
that the defect may lie in the ability of the thymus to 
provide signals for differentiation of stem cells.!? It 
seems, therefore, that there are two mechanisms of 
impaired T-cell immunity in SCID: a defect in stem 
cells, or abnormal differentiation of normal stem cells 
due to thymic abnormalities. 

Investigations into the basis of impaired humoral 
immunity also indicate heterogeneity. Some patients 
have a stem cell defect, leading to an extreme paucity 
of mature B cells in the peripheral blood, whereas 
others have normal or even increased B cells that are 
unable to function.’* In the latter group of patients, 
lack of adequate T-helper cells and/or excessive T- 
suppressor cell function have been implicated.'* 

In summary, SCID in most cases results from 
defects of lymphoid stem cells involving both T-cell and 
B-cell precursors. As might be expected, lymph nodes, 
spleen, tonsils, and appendix show virtual absence of 
any lymphoid tissue, but the pathognomonic histologic 
finding is in the thymus gland, which fails to descend 
from the neck into the anterior mediastinum and is 
devoid of lymphoid cells or Hassell’s corpuscles. The 
blood vessels are very small, indicating that the thymus 
is fetal rather than involuted. The gland seems to be 
arrested at the stage at which it resembles the thymus 
of a 6- to 8-week-old fetus. Infants are incapable of any 
of the immunologic functions—they do not produce 
antibodies, exhibit very small amounts of IgG and no 
IgM or IgA in the serum, fail to reject allografts, or 
develop delayed hypersensitivity reactions. They suc- 
cumb during the first year of life, usually to such 
opportunistic organisms as Pseudomonas or Candida or 
fatal viral infections. Since SCID is usually caused by 
defects in stem cells, grafting of normal bone marrow 
stem cells is the treatment of choice. In some patients, 
full immunologic reconstitution can be achieved by 
transplantation of sibling bone marrow. However, graft- 
versus-host disease mediated by the T cells within the 
donor bone marrow poses a serious problem that limits 
the effectiveness of this form of treatment (p. 175). 

Approximately 50% of patients with the autosomal 
recessive form of SCID lack the enzyme adenosine 
deaminase (ADA) in their red cells and leukocytes. 
This enzyme is involved in the metabolism of nucleic 
acids by converting adenosine to inosine. Deficiency of 
ADA leads to the accumulation of adenosine and its 
derivatives such as deoxy-ATP, which may be lympho- 
cytotoxic or may interfere with pyrimidine biosynthesis. 
Because ADA is also absent in amniotic cells, this finding 
is of practical importance, since it enables the prenatal 
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diagnosis of this immunodeficiency by culture of am- 
niotic cells. Of the thousands of Caucasians who have 
been screened for ADA, all but one of the ADA-deficient 
infants had severe combined immunodeficiency.’* In 
addition to bone marrow transplantation, treatment of 
this variant of SCID has been attempted by infusion of 
normal ADA-containing erythrocytes. This has resulted 
in immunologic improvement in some, but not all, 
patients. 


Immunodeficiency with Thrombocytopenia and 
Eczema (Wiskott-Aldrich Syndrome) 


This remarkable syndrome has been called “curi- 
ous, “enigmatic,” or “confusing, because its immuno- 
logic defects are so difficult to explain. It is an X-linked 
recessive disease characterized by thrombocytopenia, 
eczema, and a marked vulnerability to recurrent infec- 
tion, ending in early death. The thymus is morpholog- 
ically normal, at least early in the course of the disease, 
but there is progressive secondary depletion of lympho- 
cytes in the peripheral blood and in the paracortical 
(thymus-dependent) areas of the lymph nodes, with 
variable loss of cellular immunity. Patients may show 
normal responses to such protein antigens as tetanus 
and diphtheria toxoid, but classically show a poor anti- 
body response to polysaccharide antigens. IgM levels in 
the serum are low, but levels of IgA and IgE may be 
normal or elevated. Patients are also prone to the 
development of malignant lymphomas. Whether the 
failure to respond to polysaccharides results from a 
defect in antigen recognition and processing, or a qual- 
itative deficiency of lymphocyte B-cell function, is un- 
clear. Transfer factor has been reported to be beneficial 
in some patients with this disease, and results of bone 
marrow transplantation appear to be particularly en- 
couraging. '°° 


ACQUIRED IMMUNE DEFICIENCY 
SYNDROME (AIDS) 


The first indication of this mysterious disease ap- 
peared in June, 1981, when the Center for Disease 
Control (CDC) of the United States reported five cases 
of Pneumocystis carinii pneumonia in homosexual men 
in the Los Angeles area.'!*’ Within a month it was 
reported that a rare malignant tumor called Kaposi's 
sarcoma (p. 543) had been found in 26 young homosexual 
males, four of whom also had Pneumocystis carinii 
pneumonia.'> By mid-1983 the CDC had received 
reports of approximately 1350 cases of AIDS with mul- 
tiple opportunistic infections with or without Kaposi's 
sarcoma in previously healthy individuals, with an 
alarming overall mortality of 41%. '°% 15% 

As might be expected, there is a rapidly growing 
body of literature devoted to various aspects of AIDS. 
Here we will summarize only the salient epidemiologic, 
clinical, morphologic, and immunologic features, and 
follow with a brief discussion of the possible etiologic 
factors. 


For epidemiologic studies, CDC defines a case of 
AIDS as a “disease, at least moderately predictive of a 
defect in cell-mediated immunity, occurring in a person 
with no known cause for diminished resistance to that 
disease.” Such diseases include Kaposi's sarcoma, Pneu- 
mocystis carinii pneumonia, or other serious opportun- 
istic infections.'°? It should be borne in mind that this 
is a working definition that may not necessarily delineate 
a specific disease in terms of etiology and pathogenesis. 
Approximately 90% of the reported cases have occurred 
in the United States, most of them concentrated in six 
large metropolitan areas including New York, Newark, 
San Francisco, Los Angeles, Miami, and Houston. How- 
ever, AIDS has also been reported from several coun- 
tries around the world. In the U.S. approximately 75% 
of the patients are homosexual or bisexual males, but 
an increasing number of heterosexual (male and female) 
patients are being reported. This varied population of 
AIDS victims includes intravenous drug users, female 
partners of intravenous drug users, hemophiliacs,'© 
infants of possibly affected mothers, individuals receiv- 
ing blood transfusions from donors who subsequently 
developed AIDS, and Haitian refugees in the United 
States. The Haitian patients are unique in that they do 
not share the known risk factors common to most other 
AIDS victims, such as homosexual life style, intravenous 
drug abuse, or intimate contact with affected individu- 
als, 1604 

Clinically, the typical patient is a young homosexual 
male presenting with fever, weight loss, and persistent 
generalized lymphadenopathy. Pneumonia caused by 
the opportunistic protozoon, Pneumocytis carinii, which 
very rarely affects healthy individuals, is seen in ap- 
proximately 50% of cases.'** '® A variety of other (often 
multiple) opportunistic pathogens including aspergillus, 
candida, cryptococcus, cytomegalovirus, toxoplasma, 
atypical mycobacteria, and herpes viruses have also been 
found in these patients.’ In addition to opportunistic 
infections, over one-third of the patients also present 
with Kaposi's sarcoma, a multicentric neoplasm, !** }© 
which is extremely rare in the United States (p. 1270). 
Unlike the sporadic cases, Kaposi's sarcoma in patients 
with AIDS follows an aggressive clinical course charac- 
terized by widespread involvement of the skin and early 
involvement of the lymph nodes and viscera. This 
pattern resembles that seen in immunosuppressed renal 
transplant recipients.'* In addition to Kaposi’s sarcoma, 
diffuse undifferentiated non-Hodgkin’s lymphoma 
(Burkitt-like) has been reported and is considered to be 
a part of the AIDS syndrome.'® © This full-blown 
picture may be preceded by a prodrome (lasting for 
several months) characterized by recurrent fever, weight 
loss, and lymphadenopathy. 

As might be expected from the clinical picture, 
there is a profound suppression of cell-mediated im- 
munity in every patient, but, somewhat surprisingly, 
humoral immunity remains intact.'’ These patients 
have a lymphopenia with a selective impairment of T 
cell-mediated reactions, such as cutaneous delayed hy- 
persensitivity, and several other parameters of in vitro 
T-cell functions. A particularly consistent finding is an 


inversion of the ratio of T-helper/inducer cells (OK T4) 
to cytotoxic/suppressor (OK T8) T cells. Normally this 
ratio is approximately 2, whereas in the AIDS patients 
a ratio of 0.5 is not uncommon. This inversion results 
primarily from a severe deficiency of OK T4—positive 
cells, which act as helper/inducer cells in both cell- 
mediated and humoral immunity. It should be noted, 
however, that inversion of the OK T4/T8 ratio is not a 
specific test for AIDS, since a similar change commonly 
occurs during the course of several acute viral infections 
such as hepatitis and infectious mononucleosis. Total 
serum immunoglobulin levels are either normal or ele- 
vated owing to a polyclonal hypergammaglobulinemia. 
High antibody titers (often rising during the course of 
observation) are seen against Epstein-Barr (EBV), cy- 
tomegalovirus (CMV), and herpes simplex virus.'™ 


The anatomic changes in the tissues are neither specific 
nor diagnostic. They reflect morphologic manifestations of 
immunodeficiency, infections with multiple opportunistic 
pathogens, and unusual neoplasms.'®” At autopsy, lymph 
nodes usually show marked lymphoid cell depletion affecting 
both the cortical and paracortical areas. There is, in some 
cases, an associated proliferation of blood vessels and the 
presence of a plasma cell infiltrate. In the empty-looking 
lymph nodes, the presence of infectious agents and/or 
neoplasms may not be readily apparent, yet careful exami- 
nation often reveals the presence of viral inclusions (CMV), 
atypical acid-fast bacilli or fungi, sometimes within the few 
remaining histiocytes. Tumors found in association with 
AIDS, such as Kaposi’s sarcoma (p. 543) and a variety of 
non-Hodgkin’s lymphomas (p. 658), may also involve lymph 
nodes in addition to extranodal tissues. In contrast with the 
picture of lymphoid cell depletion noted in fatal cases, 
antemortem specimens may reveal marked hyperplasia of 
the lymphoid follicles, paracortex, or sinusoidal histiocytes. 
These reactions presumably represent reactions to infectious 
agents prior to the onset of severe immunologic failure. In 
addition to lymph nodes, other lymphoid tissues such as 
spleen, thymus, Peyer’s patches, appendix, and bone mar- 
row also reveal marked hypocellularity in fatal cases. 
Changes related to opportunistic infections are wide- 
spread and may be present in virtually every organ, but the 
central nervous system, lungs, and gastrointestinal tract are 
prominently involved. In the context of profound immuno- 
deficiency, the inflammatory reactions in response to infec- 
tions may be sparse or atypical. For example, in the lungs 
mycobacteria do not evoke the formation of well-defined 
granulomas, because T-cell immunity is suppressed. As 
mentioned earlier, Kaposi's sarcoma is the neoplasm most 
commonly associated with AIDS. Although histologically 
similar to the “classical” Kaposi’s tumor, it is distinguished 
by multifocal presentation and aggressive clinical course. 
The next most common types of neoplasm seen in AIDS 
victims are the non-Hodgkin's lymphomas. These are usually 
of the aggressive histologic varieties such as undifferentiated 
non-Burkitt's type and immunoblastic sarcomas. 


Although it is quite clear that the common denom- 
inator in these patients is a severe and selective im- 
munodeficiency, the cause of this state remains -un- 
known. The clustering of cases in large metropolitan 
centers among male homosexuals raises the possibility 
that an infectious agent, possibly a virus, transmitted 
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by close contact may be involved. Homosexual males 
are known to be at greater risk for acquisition of sexually 
transmitted diseases as well as common viral infections 
such as hepatitis B, CMV, and EBV.'® The occurrence 
of AIDS in female sex partners of intravenous drug 
abusers (a high-risk group themselves) indicates that the 
mysterious “AIDS agent” could be sexually transmitted 
even among heterosexuals. The possibility of a paren- 
teral route of transmission is strongly suggested by the 
spread of AIDS in hemophiliacs, in habitual users of 
intravenous drugs, and in some recipients of blood 
transfusion. It should be noted that among hemophiliacs 
those who receive lyophilized factor VIII concentrates 
are at greatest risk. These preparations of factor VIII 
are derived by pooling material obtained from several 
thousand blood donors.'® Although the transmissible 
agent hypothesis seems plausible, the identity of the 
causative organism is a matter for speculation. CMV has 
been considered a candidate virus since it is known to 
be immunosuppressive, can be transmitted sexually, 
and most of the male homosexuals have serologic evi- 
dence of previous CMV infection. Even before the 
current epidemic of AIDS, CMV was linked to the 
causation of Kaposi's sarcoma based on seroepidemio- 
logic studies and on the finding of CMV-DNA in the 
genome of Kaposi's sarcoma cells.' '”’ More recently, 
some investigators have focused on the human T-cell 
leukemia virus (HTLV) as a possible etiologic agent. '°* 
This retrovirus is horizontally transmitted and is asso- 
ciated with certain T-cell malignancies (pp. 243 and 
678). HTLV is capable of infecting human T cells and 
could possibly cause suppression of cell-mediated im- 
munity. In preliminary studies, 25 to 40% of AIDS 
patients have been found to have anti- HTLV antibodies, 
and in a few cases HTLV DNA has been found in the 
patients’ T cells. It should be pointed out, however, 
that none of this evidence is conclusive and that all the 
suggested agents could merely be opportunistic infec- 
tions occurring in the setting of severe immunosuppres- 
sion. 

Although an infectious etiology of AIDS seems 
plausible, this hypothesis leaves certain nagging ques- 
tions unanswered. Why have only certain segments of 
the male homosexual population been affected? Why 
the sudden outbreak of a new epidemic? To explain 
these and similar questions, the synergistic action of 
several other factors has been postulated. Genetic pre- 
disposition, for one, may be an important influence. 
Noteworthy in this connection is the significantly in- 
creased frequency of HLA-DR5 antigen in homosexual 
as well as nonhomosexual males with Kaposis_ sar- 
coma.'** Changing sexual practices, particularly re- 
peated contacts with multiple anonymous partners 
(which characterize many of the patients), may have 
increased the risk of recurrent and eventually persistent 
viral infections. The recent increase in the use of 
recreational drugs such as amyl nitrite (which could be 
immunosuppressive) may be a cofactor. The immuno- 
suppressive effects of intravenously administered sperm 
in mice may also be relevant, since repeated exposure 
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to spermatozoa (through abrasions) could very well occur 
in homosexual males with multiple partners.'’? Emer- 
gence of a new mutant strain of virus has also been the 
subject of speculation. A host of other possible contrib- 
uting factors could be cited, but suffice it to say that 
the syndrome of AIDS is likely to be multifactorial in 
origin, resulting from the exposure of genetically sus- 
ceptible individuals to a variety of known and as yet 
undiscovered environmental agents, creating in the final 
analysis a severely immunocompromised individual who 
falls easy prey to opportunistic infections and perhaps 
“opportunistic” Kaposi's sarcoma and lymphoma. 


GENETIC DEFICIENCIES OF THE 
COMPLEMENT SYSTEM 


Inherited deficiencies of complement proteins rep- 
resent primary immunodeficiency states but, unlike the 
other forms described previously, do not involve pri- 
mary defects in the lymphocytes. However, the various 
components of the complement system play a critical 
role in inflammatory and immunologic responses (p. 53). 
Advances in laboratory methods to quantitate comple- 
ment components have revealed that deficiency of spe- 
cific complement components may predispose to certain 
diseases, much like the predisposition that occurs with 
selective deficiencies of the immune system, discussed 
earlier. The end result of defects in complement, par- 
ticularly C3, is an increased susceptibility to bacterial 
infection and with C2 deficiency, a greater risk of 
connective tissue diseases similar to those that occur in 
the primary immunodeficiencies. The deficiencies of the 
later acting components of the classic pathway (C5-8) 
result in recurrent neisserial infections. Thus far, hered- 
itary deficiencies have been described for almost all the 
classic components of the complement system and two 
of the inhibitors.' Some of these deficiencies occur 
rather often: for example, the C2 deficiency gene occurs 
with a frequency of about 1% in the general population. 

The most important of these conditions are: defi- 
ciency of Cl inhibitor, causing hereditary angioedema; 
C2 deficiency, because it is such a common defect and 
is associated with connective tissue diseases; and C3 
deficiency, because of its association with life-threaten- 
ing bacterial infections. Each of these will be described 
here only briefly. 7 

HEREDITARY ANGIOEDEMA (C1 INHIBITOR DEFI- 
CIENCY). Genetic deficiency of C1 inhibitor is associated 
with a syndrome that consists of recurrent attacks of 
swelling, involving the subcutaneous tissue, gastrointes- 
tinal tract, bronchi, and lungs. Laryngeal edema and 
intestinal obstruction are serious complications. Al- 
though these attacks are often spontaneous, they can be 
triggered by trauma, menstruation, and possibly mental 
stress.'"* The disease is most crippling during adoles- 
cence and tends to subside in the fifth decade of life. 
Inheritance is autosomal dominant, most affected mem- 
bers being heterozygous. 


Cl inhibitor is a serum glycoprotein that inactivates 
Cls, the activated first component of complement. In 
addition, it inhibits plasmin, kallikrein, and activated 
Hageman factor (factor XIIa), all of which are involved 
in increased vascular permeability. Deficiency of the 
inhibitor, therefore, will leave unchecked the comple- 
ment cascade and possibly other proinflammatory fac- 
tors, and thus result in increased permeability. But 
what triggers the initial activation of Cl responsible for 
the attacks of hereditary angioedema? One pathway that 
has been postulated is as follows: trauma or tissue 
damage results in activation of Hageman factor, which 
in turn triggers clotting, kinin generation, and fibrinol- 
ysis, resulting in the generation of plasmin, which is 
known to activate Cl. Indeed, during the attacks, 
patients exhibit levels of free Cls that cannot be found 
in the circulation of normal individuals. Recently, two 
forms of therapy have been introduced that take into 
account these considerations of pathogenesis: tranexamic 
acid, which inhibits plasminogen, and danazol, which 
causes increased synthesis of Cl esterase inhibitor. 

C2 DEFICIENCY. This is the most commonly occur- 
ring complement deficiency. In one survey there were 
five heterozygotes in 250 normal blood donors, and one 
homozygote among 10,000 normal blood donors.® It is 
transmitted as an autosomal codominant trait. Hetero- 
zygotes have half the normal C2 concentration. About 
half the affected homozygotes develop either an SLE- 
like disease, discoid lupus, or some other connective 
tissue disorder. This association can be explained in 
several ways. One possibility is that deficiency of the 
early components of complement predisposes the indi- 
vidual to viral infections that may be involved in the 
induction of SLE (p. 182). However, since heterozygotes 
who have adequate complement levels to resist infec- 
tions also have a greater-than-normal incidence of SLE, 
it is likely that the association of the C2 deficiency gene 
with lupus disease is not causal but is rather a result of 
linkage to some other gene, which determines the 
predisposition to SLE; genes determining C2 levels are 
linked to histocompatibility genes and may be in linkage 
disequilibrium with certain immune response genes. It 
must be stated, however, that the SLE-type disease 
associated with C2 deficiency is atypical in that there is 
a low incidence of antibodies to DNA, low incidence of 
renal disease, and infrequent finding of immunoglobulin 
and complement in the skin and kidney.© 

C3 DEFICIENCY. In the heterozygous form of con- 
genital C3 deficiency, C3 serum levels are 50% of 
normal values, but affected individuals have no clinical 
abnormalities. The homozygous form is extremely rare, 
but most affected children show increased susceptibility 
to infection with encapsulated bacteria. Although these 
children’s clinical history is remarkably similar to that 
of agammaglobulinemic patients, they have normal im- 
munoglobulin levels and can respond to infection with 
antibody formation. Acquired C3 deficiencies are much 
more common, and some are associated with a peculiar 


form of chronic renal disease, to be discussed later (see 
p. 1016). 


EPILOGUE 


It is evident from this chapter that the versatile 


immune system, designed to protect the individual from 
exogenous agents and from potentially antigenic self- 
components, may fail in a multitude of ways. The 
resulting disorders range from too little (immunologic 
deficiency) to too much (the autoimmune diseases), and 
include every shade of hyperactivity and abnormal reac- 
tivity in between. Not covered in this chapter are the 
sundry neoplasms of the lymphoid system (p. 658), 
which represent abnormal proliferations of the immune 
system, or the numerous immunologic disorders affect- 
ing specific organ systems. It will become apparent that 
the latter contribute to a host of acute and chronic 
crippling diseases, discussed in other chapters. The 
immune system is still the darling of basic scientists and 
physicians alike, and so we can anticipate much more 
information about basic immunology and many more 
immunologic disorders to fill more pages of future 
textbooks! 
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In the United States each year well over 1,000,000 
individuals learn for the first time that they have some 
type of cancer, but fortunately many of these tumors 
can be cured. Nonetheless, according to American Can- 
cer Society estimates, cancer will cause about 450,000 
deaths in 1984, accounting for about 23% of all deaths— 
the largest proportion to date.' Only cardiovascular 
diseases cause more deaths. The discussion that follows 
deals with both benign tumors and cancers; understand- 
ably, the latter receive more attention. The focus is on 
the basic morphologic and behavioral characteristics and 
our present understanding of their origins. There follows 
in Chapter 7 the clinical aspects and implications. 
Although the discussion of therapy is beyond our scope, 
with many forms of malignancy, notably the leukemias 
and lymphomas, there are now dramatic improvements 
in the five-year survival rates. A greater proportion of 
cancers are being cured or arrested today than ever 
before. 


DEFINITIONS 


Neoplasia literally means “new growth” and the 
new growth is a “neoplasm.” The term “tumor” was 
originally applied to the swelling caused by inflamma- 
tion. Neoplasms also may induce swellings, and by long 
precedent the non-neoplastic usage of “tumor” has 
passed into limbo; thus, the term is now equated with 
neoplasm. Oncology (Greek “oncos” = tumor) is the 
study of tumors or neoplasms. Cancer is the common 
term for all malignant tumors. Although the ancient 
origins of this term are somewhat uncertain, it probably 
derives from the Latin for crab, “cancer’—presumably 
because a cancer “adheres to any part that it seizes upon 
in an obstinate manner like the crab.” A major focus of 
pathology is the anatomic differentiation of benign and 
malignant tumors, carrying with it the implication of 
their probable clinical behavior. It will become evident, 
however, that all benign tumors are not completely 
innocent, just as all malignant tumors are not completely 
evil. Moreover, some neoplasms fall in the gray area 
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both clinically and anatomically between benign and 
malignant. 

Although all physicians know what they mean when 
they use the term “neoplasm,” it has been surprisingly 
difficult to develop an accurate definition. The eminent 
British oncologist Sir Rupert Willis has come closest— 
“A neoplasm is an abnormal mass of tissue, the growth 
of which exceeds and is uncoordinated with that of the 
normal tissues and persists in the same excessive manner 
after cessation of the stimuli which evoked the change.” 
To this characterization we might add that the abnormal 
mass is purposeless, preys on the host, and is virtually 
autonomous. It preys on the host insofar as the growth 
of the neoplastic tissue competes with normal cells and 
tissues for energy supplies and nutritional substrate. 
Inasmuch as these masses may flourish in a patient who 
is wasting away, they are to a degree autonomous. Later 
it will become evident that such autonomy is not com- 
plete. All neoplasms ultimately depend on the host for 
their nutrition and vascular supply; many forms of 
neoplasia require endocrine support. 


NOMENCLATURE 


All tumors, benign and malignant, have two basic 
components: (1) proliferating neoplastic cells that con- 
stitute their parenchyma and (2) supportive stroma 
made up of connective tissue, blood vessels, and possi- 
bly lymphatics. Although parenchymal cells represent 
the proliferating “cutting edge” of neoplasms and so 
determine their nature, the growth and evolution of 
neoplasms are critically dependent on their stroma. An 
adequate stromal blood supply is requisite and the 
stromal connective tissue provides the framework for 
the parenchyma. In some tumors the stromal support is 
scant, and so the neoplasm is soft and fleshy. Sometimes 
the parenchymal cells stimulate the formation of an 
abundant collagenous stroma—referred to as desmopla- 
sia. Such tumors as, for example, some cancers of the 
female breast are stony hard or scirrhous. The nomen- 
clature of tumors is, however, based on the parenchymal 


component. The suffix “oma” denotes a benign neo- 
plasm. Benign mesenchymal tumors (those arising in 
muscle, bones, tendon, cartilage, fat, vessels, and 
lymphoid and fibrous tissue) are classified histogeneti- 
cally according to parenchymal cell type, e.g., lipoma, 
fibroma, angioma. Benign epithelial neoplasms are var- 
iously classified, some on the basis of their cells of 
origin, others on microscopic architecture, and still 
others on their macroscopic patterns. 

Adenoma is the term applied to the benign epithe- 
lial neoplasm that forms glandular patterns, as well as 
to the tumors derived from glands but not necessarily 
reproducing glandular patterns. On this basis a benign 
epithelial neoplasm that arises from renal tubular cells 
growing in the form of numerous tightly clustered small 
glands would be termed an adenoma, as would a het- 
erogeneous mass of adrenal cortical cells growing in no 
distinctive pattern. Benign epithelial neoplasms produ- 
cing microscopically or macroscopically visible finger- 
like or warty projections from epithelial surfaces are 
referred to as papillomas. Those that form large cystic 
masses as in the ovary are referred to as cystadenomas. 
Some tumors produce papillary patterns that protrude 
into cystic spaces and are called papillary cystadenomas 
(Fig. 6-1). When a neoplasm, benign or malignant, 
produces a macroscopically visible projection above a 
mucosal surface and projects, for example, into the 
gastric or colonic lumen, it is termed a polyp. The term 
polyp preferably is restricted to benign tumors. Malig- 
nant polyps are better designated polypoid cancers. 

Malignant tumor nomenclature essentially follows 
the same schema used for benign neoplasms with certain 
additions. Cancers arising in mesenchymal tissue are 
called sarcomas (Greek “sarc-” = fleshy) because they 
usually have very little connective tissue stroma and so 
are fleshy: e.g., fibrosarcoma, liposarcoma, and leio- 
myosarcoma for smooth muscle cancer, and rhabdomy- 
osarcoma for a cancer arising in striated muscle. Malig- 
nant neoplasms of epithelial cell origin, derived from 
any of the three germ layers, are called carcinomas. 
Thus, cancer arising in the epidermis of ectodermal 
origin is a carcinoma, as is a cancer arising in the 
mesodermally derived cells of the renal tubules and the 
endodermally derived cells of the lining of the gastroin- 
testinal tract. Carcinomas may be further qualified. One 
with a glandular growth pattern microscopically is 
termed an adenocarcinoma, and one producing recog- 
nizable squamous cells arising in any of the stratified 
squamous epithelia of the body would be termed a 
squamous cell carcinoma. It is further common practice 
to specify, when possible, the organ of origin, e.g., a 
renal cell adenocarcinoma or bronchogenic squamous 
cell carcinoma. Not infrequently, however, a cancer is 
composed of very primitive, undifferentiated cells and 
must be designated merely as a poorly differentiated or 
undifferentiated malignant tumor or, when possible, 
undifferentiated carcinoma or undifferentiated sarcoma. 

In most neoplasms, benign and malignant, the 
parenchymal cells bear a close resemblance to each 
other, as though all were derived from a single cell, as 
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Figure 6—1. Papillary cystadenoma. The papillary tumor fills a small 
cystic space. 
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indeed we know to be the case with many cancers. 
Infrequently, divergent differentiation of a single line 
of parenchymal cells creates what are called mixed 
tumors. The best example is the mixed tumor of salivary 
gland origin. These tumors contain epithelial compo- 
nents scattered within a myxoid stroma that sometimes 
contains islands of apparent cartilage or even bone (Fig. 
6-2). All of these elements, it is believed, arise from 
epithelial and myoepithelial cells of salivary gland origin; 
thus, the preferred designation of these neoplasms is 
pleomorphic adenoma. This schizophrenic morphology 
presumably reflects variable expression of several pro- 
grams of differentiation that are repressed and hidden 
in the genome of all cells in a multicellular organism. 
The great majority of neoplasms, even mixed tumors, 
are composed of cells representative of a single germ 
layer. The teratoma, in contrast, is made up of a variety 
of parenchymal cell types representative of more than 
one germ layer, usually all three. They arise from 
totipotential cells and so are principally encountered in 
the gonads, but rarely in sequestered primitive cell 
rests elsewhere. These totipotential cells differentiate 
along various germ lines, producing, for example, tissues 
that can be identified as skin, muscle, fat, gut epithe- 
lium, tooth structures, and, indeed, any tissue of the 
body (Fig. 6-3). A particularly common pattern is the 
ovarian cystic dermoid teratoma that differentiates prin- 
cipally along ectodermal lines to create a cystic tumor 
lined by skin replete with hair, sebaceous glands, and 
tooth structures. Its true teratomatous origin is often 
disclosed by accompanying foci of muscle, bone, and 
cartilage. The cystic dermoid teratoma usually behaves 
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Figure 6—2. A mixed tumor of salivary gland origin (pleomorphic adenoma). There is a large plate of 
pseudocartilage in the lower field. The remainder of the tumor is composed of small cords and nests 
of epithelial cells separated by pale areas of loose connective tissue. 

Figure 6-3. A teratoma. Three distinct types of adult tissues are seen: a circular island of darkly 
stained cartilage (mesodermal) in the upper left, a large nest of stratified squamous epithelial cells 
(ectodermal) on the right, and in the center a gland space lined by columnar cells resembling intestinal 


tract mucosa (endodermal) (arrow). 


as a benign neoplasm, but the noncystic, solid, more 
variegated teratoma is frequently malignant (p. 1095). 
The nomenclature of the more common forms of 
neoplasia is presented in Table 6—1. It is evident from 
this compilation that there are some inappropriate but 
deeply entrenched usages. For generations, carcinomas 
of hepatocytic origin have been called “hepatomas,” 
although correctly they should be referred to as hepa- 
tocellular carcinomas, or liver cell carcinomas. Analo- 
gously, carcinomas of melanocytes, e.g., melanocarci- 
nomas, are stubbornly called “melanomas,” just as 
certain carcinomas of testicular origin are referred to as 
seminomas. Other instances will be encountered in 
which innocent designations belie ugly behavior. Irra- 
tional as such usage may be, it is probably more 
irrational to expect man to be rational. The converse is 
also true when ominous terms are applied to usually 
trivial lesions. An ectopic rest of normal tissue is some- 
times called a choristoma—as, for example, a rest of 
adrenal cells under the kidney capsule (p. 497). Occa- 
sionally a pancreatic nodular rest in the mucosa of the 
small intestine may mimic a neoplasm, providing some 
partial justification for the use of a term that implies a 
tumor. Analogously, aberrant differentiation may pro- 


duce a mass of disorganized but mature specialized cells 
or tissue indigenous to the particular site, referred to as 
a hamartoma (p. 497). Thus, a hamartoma in the lung 
may contain islands of cartilage, blood vessels, bron- 
chial-like structures, and lymphoid tissue. Indeed, 
sometimes the lesion is purely cartilaginous, or purely 
angiomatous. Although these might be construed as 
benign neoplasms, the complete resemblance of the 
tissue to normal cartilage or blood vessels and the 
occasional admixture of other elements favors a hamar- 
tomatous origin. In any event, the hamartoma is totally 
benign. 

The nomenclature of tumors is important, since 
specific designations have specific clinical implications. 
The historically sanctified term “seminoma” connotes a 
form of carcinoma that tends to spread to lymph nodes 
along the iliac arteries and aorta. These cancers in their 
sites of origin in the testes tend to be resectable in 
almost all cases. Further, the spread into the abdominal 
lymph nodes, should it be present, can usually be 
eradicated by radiotherapy; thus, very few patients with 
seminomas die of their neoplasm. By contrast, the 
embryonal carcinoma of the testis is not radiosensitive, 
tending to invade locally beyond the confines of the 
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Table 6-1. NOMENCLATURE OF TUMORS 


Tissue of Origin 


|. Composed of one parenchymal cell type 
A. Tumors of mesenchymal origin 

(1) Connective tissue and derivatives 
fibrous tissue 
myxomatous tissue 
fatty tissue 
cartilage 
bone 

(2) Endothelial and related tissues 
blood vessels 


lymph vessels 
synovia 
mesothelium (lining cells of body 
Cavities) 
brain coverings 
glomus 
? endothelial or mesenchymal 
Cells 

(3) Blood cells and related cells 
hematopoietic cells 


lymphoid tissue 


monocyte-macrophage; 
Langerhans’ cells 
(4) Muscle 
smooth muscle 
striated muscle 
B. Tumors of epithelial origin 
Stratified squamous 
basal cells of skin or adnexia 
skin adnexal glands: 
sweat glands 
sebaceous glands 
epithelium lining 
glands or ducts—well-differentiated 
group 


poorly differentiated group 
respiratory tract 


neuroectoderm 

renal epithelium 

liver cells 

bile duct 

urinary tract epithelium (transitional) 


placental epithelium 
testicular epithelium (germ cells) 


ll. More than one neoplastic cell type—mixed 
tumors—usually derived from one germ 
layer 
salivary glands 


renal anlage 

lll. More than one neoplastic cell type derived 
from more than one germ layer— 
teratogenous 
totipotential cells in gonads or in 
embryonic rests 


fibroma 
myxoma 
lipoma 
chondroma 
osteoma 


hemangioma 

capillary 

cavernous 

sclerosing 
hemangioendothelioma 
lymphangioma 


meningioma 
glomus tumor 


leiomyoma 
rhabdomyoma 


squamous cell papilloma 


sweat gland adenoma 
sebaceous gland adenoma 


adenoma 
papilloma 
papillary adenoma 
cystadenoma 


nevus 

renal tubular adenoma 
liver cell adenoma 

bile duct adenoma 
transitional cell papilloma 


hydatidiform mole 


mixed tumor of salivary gland 
origin (pleomorphic adenoma) 


teratoma, dermoid cyst 


Malignant 


Sarcomas 


fibrosarcoma 
myxosarcoma 
liposarcoma 
chondrosarcoma 
osteogenic sarcoma 


angiosarcoma 


endotheliosarcoma, Kaposi’s sarcoma 
lymphangiosarcoma 

synovioma (synoviosarcoma) 
mesothelioma (mesotheliosarcoma) 


Ewing's tumor 


myelogenous leukemia 

monocytic leukemia 

malignant lymphomas 
lymphocytic leukemia 
plasmacytoma (multiple myeloma) 
histiocytosis X, 

? histiocytic lymphoma 

? Hodgkin’s disease 
leiomyosarcoma 
rhabdomyosarcoma 

Carcinomas 

squamous cell or epidermoid carcinoma 
basal cell carcinoma 


sweat gland carcinoma 
sebaceous gland carcinoma 


adenocarcinoma 

papillary carcinoma 

papillary adenocarcinoma 
cystadenocarcinoma 

medullary carcinoma 

undifferentiated carcinoma (simplex) 
bronchogenic carcinoma 

bronchial “adenoma” 

melanoma (melanocarcinoma) 

renal cell carcinoma (hypernephroma) 
hepatocellular carcinoma 

bile duct carcinoma (cholangiocarcinoma) 
papillary carcinoma 

transitional cell carcinoma 

squamous cell carcinoma 
choriocarcinoma 

seminoma 

embryonal carcinoma 


malignant mixed tumor of salivary gland origin 


Wilms’ tumor 


Malignant teratoma and teratocarcinoma 


218 


testis and to spread throughout the body. By the time 
most of these neoplasms are discovered, the overall 
two-year survival is about 50%, despite all therapeutic 
efforts. There also are other varieties of testicular neo- 
plasms, and so the designation “cancer of the testis” 
tells little of its clinical significance. 


NEOPLASIA 


CHARACTERISTICS OF BENIGN AND 
MALIGNANT NEOPLASMS 


In the great majority of instances, the differentia- 
tion of a benign from a malignant tumor can be made 
morphologically with considerable certainty; sometimes, 
however, a neoplasm defies categorization. It has been 
said, “All tumors need not of necessity be either benign 
or malignant.” Certain anatomic features may suggest 
innocence while others point toward cancerous poten- 
tial. Ultimately, all morphologic diagnosis is subjective 
and constitutes prediction of the future course of a 
neoplasm. Occasionally this prediction is confounded by 
a marked discrepancy between the morphologic appear- 
ance of a tumor and its biologic behavior: an innocent 
face may mask an ugly nature. However, such deception 
or ambiguity is not the rule; in general, there are criteria 
by which benign and malignant tumors can be differ- 
entiated, and they behave accordingly. These differ- 
ences can conveniently be discussed under the following 
headings: 


(1) Differentiation and anaplasia 

(2) Rate of growth 

(3) Encapsulation—invasion 

(4) Metastasis 
A concluding chart on page 229 summarizes the differ- 
ential points. 


DIFFERENTIATION AND ANAPLASIA 


The terms differentiation and anaplasia apply to 
the parenchymal cells of neoplasms. Differentiation 
refers to the extent to which parenchymal cells resemble 
comparable normal cells, both morphologically and 


functionally. Well-differentiated tumors are thus com- 


posed of cells resembling the mature normal cells of the 
tissue of origin of the neoplasm. Poorly differentiated 
or undifferentiated cancers have primitive-appearing, 
unspecialized cells (Figs. 6-4 and 6-5). In general, all 
benign tumors are well differentiated. The neoplastic 
cell in a benign smooth muscle tumor—a leiomyoma— 
so closely resembles the normal cell as to make it 
impossible to recognize it as a tumor cell on high-power 
examination. Only the massing of these cells into a 
nodule discloses the tumorous nature of the lesion. One 
may get so close to the tree that one loses sight of the 
forest. In such benign tumors, mitoses are extremely 
scant in number, and the few present are normal in 
appearance. Not infrequently, mitoses seem to be ab- 


Figure 6-4. A well-differentiated benign thyroid adenoma. The fibrous capsule is in the lower field. 
The tumor faithfully reproduces thyroid follicles filled with colloid. 

Figure 6—5. A moderately poorly differentiated thyroid carcinoma. The tumor cells comprise disorgan- 
ized cords of cells, and only occasional follicular spaces suggest a thyroid origin. 


sent, raising the interesting question of how the tumor 
achieved its bulk. Malignant neoplasms, in contrast, 
range from well differentiated to undifferentiated. 

Anaplasia is a characteristic of cancerous cells and 
so constitutes one of the features that marks a tumor as 
malignant. It implies some lack of differentiation of 
tumor cells. Literally, anaplasia means “to form back- 
ward,’ implying a reversion from a high level of differ- 
entiation to a lower level. However, there is substantial 
evidence that cancers arise from reserve or stem cells 
present in all specialized tissues. The well-differentiated 
cancer evolves from maturation or specialization of 
undifferentiated cells as they proliferate, whereas the 
undifferentiated malignant tumor derives from prolif- 
eration without maturation of reserve cells. Lack of 
differentiation, then, is not the consequence of dedif- 
ferentiation. The conceptual issue is more than aca- 
demic. Many cells lose their capacity to replicate as 
they become specialized, but in neoplasia replicative 
capability may be retained along with specialization. 

Lack of differentiation or anaplasia is marked by a 
number of morphologic and functional changes. Both 
the cells and their nuclei characteristically display pleo- 
morphism—variation in size and shape. Cells may be 
found that are many times larger than their neighbors, 
and other cells may be extremely small and primitive- 
appearing. Characteristically, the nuclei contain an 
abundance of DNA and are extremely dark staining 
(hyperchromatic). The nuclei are disproportionately 
large for the cell, and the nuclear-cytoplasmic ratio may 
approach 1:1 instead of the normal 1:4 or 1:6. The 
nuclear shape usually is extremely variable, and the 
chromatin often is coarsely clumped and distributed 
along the nuclear membrane. Large nucleoli are usually 
present in these nuclei, reflecting the synthetic activity 
of these cells. Undifferentiated tumors usually possess 
large numbers of mitoses, reflecting the proliferative 
activity of the parenchymal cells. Often, the number of 
mitoses is used as a parameter of the level of aggres- 
siveness of a cancer. In borderline neoplasms when it 
is difficult to judge whether they are benign or malig- 
nant, the decision is sometimes made on the basis of 
the number of mitoses present. However, as will be 
seen, tumor growth is not solely dependent on replica- 
tive activity. Moreover, the presence of mitoses does 
not necessarily indicate that a tumor is malignant. 

More important as a diagnostic feature of malignant 
neoplasia are atypical and bizarre mitotic figures some- 
times producing tripolar, quadripolar, or multipolar 
spindles (Fig. 6-6). Often, the mitotic jumble possesses 
abnormally large spindles in one area and shrunken, 
puny spindles in other regions. Another important fea- 
ture of anaplasia is the formation of tumor giant cells, 
some possessing only a single huge polymorphic nu- 
cleus, while others have two or more nuclei. These 
giant cells are not to be confused with inflammatory 
Langhans or foreign body giant cells, which possess 
many small, normal-appearing nuclei. In the cancer 
giant cell, the nucleus is hyperchromatic and is too large 
in relation to the cell (Fig. 6-7). 
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Characteristics of Benign and Malignant Neoplasms 


Be 


Figure 6—6. High-power detail of anaplastic tumor cells to show cell 
and nuclear variation in size and shape. The prominent cell in the 
center field has an abnormal tripolar spindle. 
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Figure 6-7. Anaplastic tumor cells with prominent multinucleate 
tumor giant cells and an abnormal mitotic figure in the upper right 
field. 
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The orientation of anaplastic cells to each other 
varies among cancers. In some better differentiated 
lesions, the cells reproduce a well-defined architecture 
resembling, to some extent, the tissue of origin. Thus, 
the gland patterns in adenocarcinomas of the thyroid 
sometimes resemble normal follicles. At the other end 
of the spectrum is the very anaplastic cancer, made up 
of cells that not only are very deviant but whose 
orientation to each other is helter-skelter. Sheets or 
large masses of tumor cells grow in an anarchic, disor- 
ganized fashion. Although these growing cells obviously 
require a blood supply, often the connective tissue— 
vascular stroma is scant, and indeed in many anaplastic 
tumors large central areas undergo ischemic necrosis. 

Electron microscopic, histochemical, and immu- 
nocytochemical studies have extended the characteri- 
zation of neoplastic cells.* The cells of benign neoplasms 
have virtually all the usual ultrastructural features of 
their normal forebears. Similarly, the well-differentiated 
cancer cell deviates little from the normal. In undiffer- 
entiated cancer cells, having progressively more marked 
anaplasia, the internal structures have unusual appear- 
ances such as accentuation of the nuclear chromatin in 
clumps along the nuclear membrane, simplification of 
the rough endoplasmic reticulum, an increase of free 
ribosomes, and greater pleomorphism of the mitochon- 
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dria. Various elements may be missing, reduced in size 
or number, or disturbed throughout the cell in abnormal 
patterns. However, the cytoskeleton may be markedly 
retained even in undifferentiated tumor cells. Most 
normal cells in the body contain three classes of fila- 
mentous structures: (1) microfilaments containing actin, 
(2) microtubules containing tubulin, and (3) intermedi- 
ate-sized filaments (about 10 nm in diameter.)* Pres- 
ently, at least five types of intermediate filaments have 
been identified: neurofilaments, glial filaments, cyto- 
keratin, vimentin, and desmin,® as pointed out on p. 
28. Each of these filaments is restricted to certain cell 
types (Fig. 6-8). Identification of a particular type by 
electron microscopy, and the use of specific antibodies 
with immunofluorescence or immunoperoxidase meth- 
ods, is proving to be a valuable aid in the diagnosis and 
identification of the histogenetic origin of many tumors. 
For example, cytokeratin is present exclusively in cells 
of epithelial and mesothelial origin, and therefore is a 
marker for carcinoma or mesothelioma, ruling out the 
possibility that an undifferentiated cancer is a sar- 
coma.® © In some instances, large amounts of cytoker- 
atin are produced by a neoplasm. The cells in well- 
differentiated carcinomas taking origin from the keratin- 
ocytes of the epidermis (squamous cell or epidermoid 
carcinomas) elaborate sufficient cytokeratin to produce 


Figure 6-8. Transmission micrograph of an osteoblast to demonstrate the abundant parallel arrays 
of intermediate filaments compatible with vimentin (arrows) (x 8000). (Courtesy of Dr. M. Warhol, 


Brigham and Women's Hospital.) 


intracellular globular masses of hyaline-appearing kera- 
tin, readily visible in routine H and E stains under the 
light microscope. Desmin has so far been described 
only in muscle cells and neurofilaments in the neuronal 
line. Thus, intermediate filaments and immunocyto- 
chemical methods have provided a new dimension in 
the characterization of cancers.’ 

The tumor cell’s functional sophistication correlates 
with its level of morphologic differentiation. Well-dif- 
ferentiated cancer cells may elaborate the characteristic 
products of their normal counterparts, e.g., mucin by 
carcinomas of the colon, steroids by adrenocortical car- 
cinomas, and bile by hepatocellular carcinomas. The 
enzyme profiles of differentiated neoplasms also differ 
little from those of their normal forebears; thus, prostatic 
carcinomas often elaborate acid phosphatase, while os- 
teogenic sarcomas produce alkaline phosphatase. Undif- 
ferentiated cancers, however, may lose these specialized 
functional characteristics. Thus, poorly differentiated 
hepatocellular carcinomas may be incapable of synthe- 
sizing bile and, similarly, undifferentiated prostatic car- 
cinomas may not elaborate acid phosphatase. 

The functional capacity of some cancer cells may 
exceed, in a sense, that of their normal forebears. For 
example, in the process of neoplastic transformation, 
some cancer cells express genetic programs normally 
expressed only in embryonic cells. Thus, a variety of 
carcinomas produce fetal antigens as well as tumor 
neoantigens (p. 268). Identification of fetal antigens in 
the blood (as discussed later) is used to detect and follow 
the course of many forms of cancer. In addition, malig- 
nant tumors may elaborate hormones and other bioac- 
tive products not found in the normal cells from which 
the tumors arose; this is referred to as ectopic hormone 
production. Thus, certain bronchogenic carcinomas 
elaborate parathormone, adrenocorticotropic hormone, 
prostaglandins, and others; renal cell carcinomas may 
produce erythropoietin. Many other examples might be 
cited. The systemic consequences of these secreted 
tumor products induce what are referred to as “para- 
neoplastic syndromes,’ described on page 255. 

Despite all the ordinary and extraordinary func- 
tional capabilities of cancer cells, the differentiation of 
benign from malignant tumors rests on their morphol- 
ogy—more specifically, parenchymal differentiation. 
The fact that cancers have some degree of anaplasia has 
been usefully exploited in the cytologic diagnosis of 
cancer, described later (p. 265). Anaplasia and evidence 
of invasion of surrounding structures constitute the two 
major criteria for the diagnosis of cancer in its primary 
site of origin. Later, we shall see that cancers may 
disseminate (metastasize), and when this has occurred 
the nature of the primary lesion is no longer in doubt, 
since benign tumors never metastasize. 


RATE OF GROWTH 


The generalization can be made that most benign 
tumors grow slowly over a period of years, whereas 
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most cancers grow rapidly, sometimes at an erratic 
pace, and eventually spread and kill their hosts. How- 
ever, such an oversimplification must be extensively 
qualified. In truth, little is known about the cell kinetics 
of benign tumors. The impression that most benign 
tumors grow slowly derives largely from clinical obser- 
vation of animals and humans having such neoplasms. 
Indeed, some may seem to be dormant for years with 
no increase in size. However, some benign tumors have 
a higher growth rate than malignant tumors.® Moreover, 
the rate of growth of benign neoplasms may not be 
constant over time. Factors such as hormone depend- 
ence, adequacy of blood supply, and very likely un- 
known influences may affect their growth. For example, 
leiomyomas (benign smooth muscle tumors) of the 
uterus are very common. Not infrequently, repeated 
clinical examination of women bearing such neoplasms 
over the span of decades discloses no significant increase 
in size. After the menopause, the neoplasms may atro- 
phy and later be found to be replaced largely by 
collagenous, sometimes calcified, tissue. On the other 
hand, leiomyomas frequently enter a growth spurt dur- 
ing pregnancy. Presumably these neoplasms are to some 
extent dependent on the circulating levels of steroid 
hormones, particularly estrogens. 

In general, the growth rate of tumors correlates 
with their level of differentiation, and thus most malig- 
nant tumors grow more rapidly than benign lesions. 
There is, however, a very wide range in behavior. At 
one extreme are the highly aggressive cancers that seem 
to appear suddenly, increase in size virtually under 
observation, and explosively disseminate to cause death 
within a few months of discovery. At the other extreme 
are some that grow more slowly than benign tumors 
and may even enter periods of dormancy lasting for 
years. Indeed, on occasion, cancers have been observed 
to decrease in size and even spontaneously disappear, 
but the handful of “miracles” fills only a small volume.® 
To examine this variable behavior more closely, we 
must consider what is known about: (1) the life history 
of cancer, involving the cell kinetics of cancer growth; 
and (2) the influences that modify the growth of malig- 
nant tumors. 

Both clinical and experimental observations indi- 
cate that it takes years for a cancer to produce a 
clinically overt mass. Most cancers are monoclonal in 
origin, resulting from the clonal expansion of a single 
cell that has undergone neoplastic transformation.’ Evi- 
dence for this concept derives from the studies of 
neoplasms in black women, who often express two 
isoenzymes of glucose-6-phosphate dehydrogenase 
(G6PD), each coded by a gene locus on one of the X 
chromosomes. As explained on page 120, there is ran- 
dom inactivation of one X chromosome in all cells of 
the female embryo at about 16 days of development. 
Thus, females are a complex of two populations of cells, 
each having only one active X chromosome of maternal 
or paternal origin. Most neoplasms in these women 
express only a single G6PD variant." If the neoplasms 
were polyclonal, chance would dictate the two variant 
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forms of G6PD. Additional evidence for the monoclon- 
ality of some tumors comes from plasma cell neoplasms. 
These synthesize a single specific immunoglobulin or 
fragment of this immunoglobulin, indicating identical 
genetic programming in all the neoplastic cells, and 
documenting that all were derived from a single pre- 
cursor. Nonetheless, in a minority of instances, cancers 
appear to be polyclonal and sometimes multifocal in 
origin as, for example, the more-than-chance occurrence 
in women of lobular cell carcinomas in both breasts 
simultaneously. In any event, if a cancer is monoclonal 
and the original transformed cell is about 10 p in 
diameter, it will take 30 doublings to produce a mass 1 
cm in diameter. Studies of many cancers and leukemias 
reveal that the doubling time of the neoplastic cells 
varies enormously, even among histogenetically similar 
tumors.'* It may be as long as 260 hours, and indeed 
may be longer than that of comparable normal cells. 
Thirty doublings might then require about a year to 
produce a l-cm mass if all the cells continue to prolif- 
erate and none die or are lost. However, cancer cells 
are less cohesive than normal cells (for reasons discussed 
later) and so there is continuous shedding of cells, as 
well as cell maturation and death.’ The rate of cell loss 
per unit of time has been calculated to reach 80 to 90% 
of the rate of cell birth.'4 Moreover, in most cancers 
only 30 to 80% of cells are in the replicating pool. 
Growth rate is determined, then, by the excess of cells 
produced over those lost per unit of time. Thus, to 
reach a size of 1 cm might require many years and a 
computer to calculate precisely, given the three varia- 
bles. Now it should be evident why the frequency of 
mitoses in a neoplasm is at best an inaccurate criterion 
of rate of growth. A cancer could rapidly increase in 
size, with relatively slow division of cells, if all remained 
in the replicating pool and none were lost by shedding 
or maturation and death. These cell kinetics also make 
evident that the evolution of a cancer involves more 
than loss of growth controls and rapid proliferation; it 
may also represent a disorder of differentiation, matu- 
ration, and death of cells. 

Longitudinal studies of patients with carcinoma of 
the cervix corroborate these theoretical calculations. 
The Papanicolaou cytologic test (described on p. 265) 
permits the discovery of extremely small cervical carci- 
nomas when they are only foci of intramucosal anaplasia 
without evidence of penetration of the basement mem- 
brane, so-called carcinoma in situ (ca-in-situ) (Fig. 6—- 
9). Such lesions produce no grossly visible change in 
the cervix, although many can be detected by colpo- 
microscopy. The peak incidence of in situ cervical 
carcinoma occurs between 25 and 35 years of age. The 
average age of patients with clinically overt cancer is 40 
to 45 years. It must follow, therefore, that it requires 
about 10 to 15 years for these neoplasms to evolve from 
the in situ stage to clinically overt neoplasms.'* Whether 
there is continuous growth during this time period, or 
instead a long interval of dormancy followed by activity, 
is not known. In either case, it is apparent that a 
clinically evident neoplasm is only the tip of the iceberg. 
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Figure 6-9. Carcinoma in situ of cervix. The normal cervical mucosa 
is above. There is a sharp transition to the hyperchromatic disorderly 
cancer cells below, showing no evidence of normal maturation from 
basal layer to surface. There is no extension of cancer beyond the 
confines of the mucosa. 


Many influences involving the neoplasm and host 
modify the growth rate of cancers and, possibly, benign 
tumors as well. Blood supply, nutrition, the defensive 
immune response of the host, and, in some tumors, 
endocrine support are the most important influences. 
Folkman and collaborators have demonstrated that the 
development of an adequate vascular supply is critical 
to the growth and development of a cancer as well as 
its metastases.‘° When they injected cancer cells into 
the nonvascularized anterior chamber of a rabbit eye, 
nodules greater than 1 to 2 mm in diameter did not 
develop. However, the same cells introduced into a 
vascularized area of the eye developed a stromal blood 
supply and rapidly overgrew the eye.’ It was possible 
to show that the neoplastic cells elaborate a soluble 
tumor angiogenesis factor (TAF) that promotes vascu- 
larization of the stroma and permits the progressive 
growth of solid tumors.’® The identification of TAF 
raised the interesting possibility that cancer growth 
could be blocked by inhibiting the angiogenesis factor. 
Indeed, an “anti-angiogenesis” factor has been extracted 
from cartilage, a tissue that normally lacks vasculariza- 
tion. Infusion of an extract of cartilage reduces the 
growth rate of experimental neoplasms in animals.’ 
More recently it was shown that heparin also promotes 
angiogenesis, and protamine (a heparin antagonist) not 


only inhibits angiogenesis but also suppresses tumor 
growth.” 

Thus, it is clear that tumor growth is dependent on 
blood supply. Often, primary tumors and their metas- 
tases outgrow their blood supply and undergo central 
ischemic necrosis, where the tumor cells are most 
remote from the vascular supply of. the surrounding 
normal tissue. Thus, with cancers, the primary lesions 
and their secondary implants may enlarge progressively 
while the central regions of necrosis expand. Cancer 
cells in their growth are also dependent on an adequate 
supply of nutrients and indeed, when deprived, con- 
tinue to replicate for a few days and then rapidly die.”! 
Many cancers, particularly those arising in hormonally 
responsive tissues, e.g., breast, uterus, endometrium, 
ovary, and prostate, are dependent on endocrine sup- 
port. Steroid sex-hormone receptors have been identi- 
fied in the epithelial cells of these tissues and their 
cancers that play roles in the modulation of cell growth 
in response to varying hormone levels.” * Exploitation 
of this endocrine dependence in the treatment of cancers 
arising in these sites is discussed in some detail on 
pages 1104 and 1188. It is clear that more is involved 
in the growth of neoplasms than meets the eye clinically. 


ENCAPSULATION—INVASION 


Nearly all benign tumors grow as localized expan- 
sile masses enclosed within a fibrous capsule. They 
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remain localized to their site of origin and cannot 
disseminate throughout the body. The capsule com- 
prises an enclosing fibrous membrane, in part derived 
from the fibrous stroma of the surrounding normal 
tissues and in part elaborated by the tumor. Such 
encapsulation tends to contain the benign neoplasm as 
a discrete, readily palpable, and easily movable mass 
that can be surgically enucleated (Figs. 6-10 and 6-11). 
However, the centrifugal growth does cause compres- 
sion atrophy of contiguous structures. The benign ade- 
noma of the anterior pituitary may destroy all residual 
normal pituitary parenchyma trapped between the ex- 
panding lesion and the sella turcica. 

Although encapsulation is a characteristic of benign 
neoplasms, lack of a capsule does not make a neoplasm 
malignant. Some benign tumors, such as the leiomyoma 
in the uterus, remain discrete but are not encapsulated; 
however, since it is surrounded by compressed myo- 
metrium, it can be enucleated. Similarly, hemangiomas 
(neoplasms composed of tangled blood vessels) are often 
unencapsulated, and indeed may appear to permeate 
the site in which they arise (commonly the dermis of 
the skin). Similarly, certain other benign neoplasms, 
particularly in the dermis, are unencapsulated. Despite 
their infiltrative growth and lack of capsule, these new 
growths never metastasize and so are considered benign. 

Cancers are almost never encapsulated and are 
characterized by infiltrative, erosive growth that extends 
crablike feet into adjacent tissues (Fig. 6-12). Slowly 
expanding malignant tumors may develop an apparently 
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Figure 6-10. Gross view of fibroadenoma of breast. The discrete tumor bulges above the level of 
the surrounding breast substance as it extrudes from its tight encapsulation. 

Figure 6—11. Microscopic view of fibroadenoma of breast seen in Figure 6-10. The fibrous capsule 
(below) separates the sharply delimited tumor mass from the surrounding breast substance. 
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Fig. 6-12 


Fig. 6-13 


Figure 6-12. Close-up view of adenocarcinoma of endometrium. The malignant tumor (arrows) 
extends into the underlying muscular wall of the uterus. There is no sharp line of delimitation from 


the surrounding normal tissue. 


Figure 6—13. Renal cell carcinoma. The malignancy deceptively appears to be well encapsulated. 


enclosing fibrous membrane and may push along a broad 
front into adjacent normal structures (Fig. 6-13). How- 
ever, histologic examination will almost always disclose 
tiny pseudopods indicative of penetrating spread. 

Most cancers are obviously invasive and can be 
expected to penetrate the wall of the colon or uterus, 
for example, or fungate through the surface of the skin. 
They recognize no normal anatomic boundaries and 
often permeate lymphatics, blood vessels, and_peri- 
neural spaces. Such invasiveness makes their surgical 
resection exceedingly difficult and generally requires 
removal of a considerable margin of apparently normal 
tissues about the infiltrative neoplasm; this is referred 
to as “radical surgery.” Next to the development of 
metastases, invasiveness is the most reliable feature that 
differentiates malignant from benign tumors. 

Although all tissues in the body can be invaded by 
cancers, there are differences in their vulnerability. The 
connective tissue stroma of organized tissues is the 
favored invasive path of most malignant tumors. Within 
the connective tissue, elastin fibers are much more 
resistant to the destructive effects of cancers than the 
collagen fibers. This difference may relate to a high ratio 
of collagenase relative to elastase in malignant invading 
tumors. In addition, elastin is extremely inert metabol- 
ically and has little or no turnover; it may therefore 
resist enzymic digestion. Collagen, on the other hand, 
is more vulnerable to degradation, having a half-life of 


about 60 days. Nonetheless, densely compacted collagen 
such as is encountered in membranes, tendons, joint 
capsules, and so forth, resists invasion for long periods 
of time. Cartilage is probably the most resistant of all 
tissues to invasion, but it is not absolute. Several factors 
have been invoked: (1) the physicochemical character- 
istics of the matrix, (2) the biologic stability and slow 
turnover of cartilage, and (3) the elaboration of inhibitory 
substances such as anti-angiogenesis factor or inhibitors 
of enzymes involved in the growth and invasiveness of 
cancer cells.24” Arteries are much more resistant to 
invasion than veins and lymphatic channels. The resis- 
tance to invasion is conventionally ascribed to the thick- 
ness of the arterial walls, but it may also be attributable 
to the elastin content of arterial walls and their elabo- 
ration of protease inhibitors.” 

Despite extensive study, the mechanisms that make 
cancer invasive are still poorly understood.®’ There are 
observations in support of and against each of the 
following possible processes: (1) physical pressure, (2) 
reduced adhesiveness and cohesiveness of tumor cells, 
(3) increased motility of tumor cells, (4) loss of “contact 
inhibition,’ and (5) the release of destructive enzymes. 
Expansile physical pressure may account for compres- 
sion atrophy and destruction of abutting normal cells in 
solid organs such as the liver and kidney, and may 
contribute to penetration of loosely organized connec- 
tive tissue. However, mechanical factors cannot explain 


why certain malignant tumors, e.g., some in the gut, 
permeate the bowel wall without bulging into the lu- 
men. 

Cancer cells are less adhesive to structures or 
substrate and less cohesive than normal cells, but it is 
highly doubtful whether these attributes contribute 
significantly to invasiveness.** The bases of this altered 
behavior are still poorly understood, but presumably 
involve the many surface changes (to be described) 
associated with neoplastic transformation. The role of 
locomotion or cell motility in invasiveness is equally 
controversial.2? Most malignant cells are capable of 
locomotion, and during invasion cytoplasmic processes 
can often be seen protruding between, and indeed into, 
contiguous normal cells. Such behavior could contribute 
to invasiveness. Another attribute is that cancer cells 
will pile up into multilayered, disorganized masses when 
grown in a culture flask. In contrast, normal cells, when 
grown in culture, will only form a monolayer covering 
the surface of the medium, described as “confluence” 
(Fig. 6-14). When they come into contact with each 
other in the course of achieving confluence, further cell 
division and mobility cease in the direction of the cell's 
contact; this is referred to as “contact inhibition.” Un- 
fortunately, poor correlation has been found in cancer 
cells between “contact inhibition” in culture and inva- 
siveness in vivo.” 

Malignant tumor cells elaborate a number of en- 
zymes, some released from their surfaces, capable of 
destroying host tissues in their immediate environ- 
ment.*’ Among the many tissue-destructive factors are 
collagenases, lysosomal hydrolases, and plasminogen 
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Figure 6—14. Phase-contrast photography of living cell cultures. A, The helter-skelter piled-up disarray 
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activator. Many human cancers possess higher levels of 
lytic enzymes than corresponding normal tissues or 
benign tumors, and so importance has been ascribed to 
these destructive enzymes in the invasiveness of can- 
cers, although this has not been established. Conceiva- 
bly, destruction or disruption of normal tissues by 
enzymatic action might prepare potential pathways for 
expansile growth and locomotion, while reducing inhib- 
itory contacts.?” Other factors might be mentioned. 
There is considerable evidence in lower animals and 
some evidence in man that cancers possess tumor- 
specific antigens, and evoke both a humoral and local 
cell-mediated immune response. The local immune 
response induces an inflammatory reaction, and the 
edematous disruption and possible destruction of abut- 
ting tissues might open pathways favorable for tumor 
permeation. 

Attractive as each of these possibilities may appear, 
the contribution of each is still uncertain. It must be 
remembered that some normal cells, e.g., leukocytes 
and trophoblasts, are also capable of invasion. There are 
no indications that the cellular activities of malignant 
and nonmalignant cells are different qualitatively, except 
for the speculation that they are unregulated, and 
therefore more aggressive in the cancerous phenotype. 


Characteristics of Benign and Malignant Neoplasms 


METASTASIS 


Metastases are tumor implants discontinuous with 
the primary tumor. The metastases themselves may 
secondarily give rise to other metastases. Metastasis 
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of virally transformed hamster fibroblasts. B, For contrast, the orderly oriented monolayer of normal 
hamster fibroblasts. (Courtesy of Dr. Thomas Wright, Department of Pathology, Harvard Medical 


School.) 
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unequivocally marks a tumor as malignant because 
benign neoplasms do not metastasize. The invasiveness 
of cancers permits them to penetrate into blood vessels, 
lymphatics, and body cavities, providing the opportunity 
for spread. With few exceptions, all cancers can metas- 
tasize. The major exceptions are most malignant neo- 
plasms of the glial cells in the central nervous system, 
called gliomas, and basal cell carcinomas of the skin. 
Both are highly invasive forms of neoplasia (the latter 
being known in the older literature as rodent ulcers 
because of their invasive destructiveness), but they 
rarely metastasize. 

In general, the more aggressive, the more rapidly 
growing, and the larger the primary neoplasm, the 
greater the likelihood that it will metastasize or already 
has metastasized. However, there are innumerable ex- 
ceptions. Small, well-differentiated, slowly growing le- 
sions sometimes metastasize widely, and conversely, 
some rapidly growing lesions remain localized for years. 
No judgment can be made, then, about the probability 
of metastasis from pathologic examination of the primary 
tumor. Many factors relating to both invader and host 
are involved, as will be pointed out later. 
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Pathways of Spread 


Dissemination of cancers may occur through one of 
four pathways: (1) direct seeding of body cavities or 
surfaces, (2) transplantation, (3) lymphatic permeation, 
and (4) embolization through blood vessels. Each of 
these pathways will be described separately. 

SEEDING OF Bopy CAviTiES AND SURFACES. This 
may occur whenever a malignant neoplasm penetrates 
into a natural “open field.” Most often involved is the 
peritoneal cavity, but any other cavity—pleural, peri- 
cardial, subarachnoid, and joint spaces—may be af- 
fected. Such seeding is particularly characteristic of 
carcinomas arising in the ovaries, when not infrequently 
all peritoneal surfaces become coated with a heavy layer 
of cancerous glaze. Remarkably, the tumor cells may 
remain confined to the surface of the coated abdominal 
viscera without penetrating into their substance. Super- 
ficial seedings have as much impact on the host as deep 
seedings. Sometimes, mucus-secreting ovarian and ap- 
pendiceal carcinomas fill the peritoneal cavity with a 
gelatinous neoplastic mass referred to as “pseudo- 
myxoma peritonei.” 

TRANSPLANTATION. This term refers to the mechan- 
ical transport of tumor fragments by instruments or 
gloved hands. That this can occur is amply documented 
by the ease of tumor transplantation in animals. Trans- 
plantation of cancers has also taken place along needle 
tracks following aspiration biopsy. Fortunately, how- 
ever, mechanical transport is a rare pathway of tumor 
dissemination in man, a tribute to either judicious 
surgical care or the inability of tumor cells to survive 
when artificially displaced. 

LYMPHATIC SPREAD. Transport through lymphatics 
is the most common pathway for the initial dissemination 
of carcinomas, but it should be emphasized that sarco- 


mas may also use this route. Past emphasis on lymphatic 
spread for carcinomas and hematogenous spread for 
sarcomas is misleading, since ultimately there are nu- 
merous interconnections between the vascular and lym- 
phatic systems.” The precise steps are still somewhat 
uncertain, but most of the evidence suggests that inva- 
sive cancer cells, when they reach a lymphatic channel, 
actively migrate through interendothelial cell junctions 
by a process resembling reverse diapedesis to gain 
access to the lumen and then embolize to regional nodes 
(Fig. 6-15). The pattern of lymph node involvement 
follows the natural routes of drainage. Since carcinomas 
of the breast usually arise in the upper outer quadrants, 
they generally disseminate first to the axillary lymph 
nodes. Cancers of the inner quadrant may drain through 
lymphatics to the nodes within the chest along the 
internal mammary arteries. Thereafter, the infraclavi- 
cular and supraclavicular nodes may become involved. 
Bronchogenic carcinomas arising in the major respira- 
tory passages metastasize first to the perihilar tracheo- 
bronchial and mediastinal nodes. However, local lymph 
nodes may be bypassed—‘skip metastasis’ —because of 
venous-lymphatic anastomoses, or when there has been 
inflammatory or radiation-induced obliteration of chan- 
nels. 

In many cases the regional nodes serve as effective 
barriers to further dissemination of the tumor, at least 
for a time. Conceivably the cells, after arrest within the 
node, may be destroyed. A tumor-specific immune 
response initiated by the tumor-specific antigens (de- 
scribed later) may participate in this cell destruction. In 
addition, non—-immunologically sensitized “natural 
killer” (NK) cells (p. 160) may also participate in tumor 
cell destruction.* Drainage of tumor cell debris and/or 
tumor antigens will also induce reactive changes within 
nodes. Thus, enlargement of nodes may occur either 
from the spread and growth of cancer cells or from 
follicular hyperplasia, proliferation of paracortical T 
cells, and sinus histiocytosis (proliferation of sinus endo- 
thelial cells and histiocytes) initiated by the products 
released from the primary lesion or from tumor cells 
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Figure 6—15. Portion of a lymph node with sinuses distended by 
metastatic tumor. 


destroyed within the nodes. It should be noted therefore 
that nodal enlargement in proximity to a cancer does 
not necessarily mean dissemination of the primary. 

HEMATOGENOUS SPREAD. This pathway is typical 
of sarcomas but also is not uncharacteristic of carcino- 
mas. Arteries, as mentioned, are less readily penetrated 
than veins. However, arterial spread may occur when 
tumor cells pass through the pulmonary capillary beds 
or pulmonary arteriovenous shunts, or when pulmonary 
metastases themselves give rise to additional tumor 
emboli. In such arterial spread, a number of factors (to 
be discussed) condition the patterns of distribution of 
the metastases. With venous invasion, the blood-borne 
cells follow the venous flow, draining the site of the 
neoplasm. Understandably, the liver and lungs are most 
frequently secondarily involved in such hematogenous 
dissemination (Fig. 6-16). All portal area drainage flows 
to the liver, and all caval blood flows to the lungs. 
Cancers arising in close proximity to the vertebral 
column often embolize through the paravertebral 
plexus, and this pathway is probably involved in the 
frequent metastases to the skull of neuroblastomas of 
the adrenal gland, in pelvic metastases of pancreatic 
carcinoma, and in vertebral metastases of carcinomas of 
the thyroid and prostate. 

Certain cancers have a propensity for invasion of 
veins. The renal cell carcinoma often invades the 
branches of the renal vein and then the renal vein itself 
to grow in a snakelike fashion up the inferior vena cava, 
sometimes reaching the right side of the heart. Hepa- 
tocarcinomas often penetrate portal and hepatic radicles 
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to grow within them into the main venous channels. 
Remarkably, such intravenous growth may not be ac- 
companied by widespread dissemination. Histologic evi- 
dence of penetration of small vessels at the site of the 
primary neoplasm is obviously an ominous feature. 
However, such changes must be viewed guardedly 
because, for reasons discussed below, they do not 
indicate the inevitable development of metastases. 


Events Involved in Metastasis 


The development of a metastasis involves a complex 
sequence of interdependent events best conceptualized 
as a stairway (Fig. 6-17) where each sequential step 
must be successfully surmounted to eventually produce 
a secondary implant.*! ** The initial steps in this se- 
quence have been discussed elsewhere, and so we may 
pick up the sequence where tumor cells have invaded 
the vascular or lymphatic channels. They may either 
grow at the site of penetration or, because of their loss 
of cohesiveness, be swept away as individual cells or 
small embolic clumps. In this exposed situation they 
are vulnerable to humoral or cell-mediated immune 
responses and to nonimmune defenses such as destruc- 
tion by activated macrophages or natural killer cells. 
Conversely, they may become coated with polymerized 
fibrin® * or platelet aggregates, both of which could 
enhance survival of intravascular cancer cells, and there- 
fore the formation of metastases. The cells that survive 
must then arrest in the capillary beds of distant organs 
either by adherence to endothelial cells or attachment 


Figure 6-16. Metastatic carcinoma to liver. Note umbilication (arrow) of large implant caused by 
central necrosis of tumor. (Courtesy of Dr. Lawrence Weiss, Brigham and Women’s Hospital.) 
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CLIMBING THE STAIRWAY OF METASTASIS 
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Figure 6-17. Essential steps in the formation of a metastatic lesion. Failure to complete any of the 
steps will lead to no secondary growth. (Drawn from Hart, |. R., and Fidler, |. J.: The implications of 
tumor heterogeneity for studies on the biology and therapy of cancer metastasis. Biochim. Biophys. 


Acta 651:37, 1981. Reproduced with permission.) 


to vascular basement membrane exposed by endothelial 
cell retraction.*” As discussed below, the arrest of cir- 
culating tumor cells is not merely haphazard. Extrava- 
sation of cells at sites of arrest presumably involves the 
same ill-defined influences that determine the invasive- 
ness of primary neoplasms. Thereafter the metastasis 
must avoid the host immune response, develop its own 
vascularization, and in this way, unfortunately, produce 
a secondary implant that often presages the beginning 
of the end for the patient. 

Several other phenomena bear on the metastatic 
process. There is good documentation that all cancers 
in humans are made up of diverse subpopulations of 
cells having differing biologic characteristics. Cells ob- 
tained from individual tumors have been shown to differ 
with respect to their antigenic properties, karyotypes, 
growth rate, hormone receptors, ability to invade, and, 
of particular interest here, metastatic capabilities.** This 
tumor heterogeneity could, of course, reflect a polyclonal 
origin of a single neoplasm but it most likely results 
from acquired mutations in the genetically unstable 
replicating cells of monoclonal origin. This heterogene- 
ity is closely linked to what has been called “tumor 
progression, i.e., the progressive acquisition by a neo- 
plasm of such individual and separable characteristics 
as invasiveness, metastatic potential, hormonal respon- 
siveness, and others. Progression implies that over the 


course of its evolution a cancer, or particular subpopu- 
lations or clones, acquire, for example, an increased 
growth rate or the capacity to invade or to metastasize. 
In keeping with this concept, specific sublines can be 
isolated from a heterogeneous tumor having consider- 
ably higher metastatic potential than others.°° Growth 
of such a clone would yield a neoplasm capable of 
metastasis. Thus, the basal cell carcinoma has the ca- 
pacity to invade but not to metastasize. Conversely, 
some ovarian carcinomas may seed (metastasize) 
throughout the peritoneal cavity but not invade the 
intra-abdominal organs. Metastatic potential is an attrib- 
ute that may or may not be acquired by one or more 
sublines within a malignant tumor during its evolution. 
Thus, some cancers acquire this regrettable capability 
early, perhaps during its in situ stage, while others may 
develop this ugly attribute only late or possibly never. 
It is evident that heterogeneity and tumor progression 
introduce elements of uncertainty into clinical judg- 
ments about the best approach to its therapeutic man- 
agement. 

Because of the many interdependent events in- 
volved, most blood-borne cancer cells fail to complete 
successfully all the steps involved in the establishment 
of metastases. Indeed, in experimental models it can be 
shown that only between 0.1 and 1% of intravenously 
injected cells survive for more than 24 hours.* Death 


of the cells occurs in such experiments before an im- 
mune response is mounted, and so they must fall prey 
to other defenses such as activated macrophages or 
natural killer cells.** For these reasons the finding of 
tumor cells within vascular channels in a microscopic 
slide of a cancer, although ominous, cannot be equated 
with metastasis. 

For some long time the distribution of metastases 
in the body was thought to be largely haphazard, 
dependent only on the natural lymphatic and vascular 
connections of the primary neoplasm. The concept of 
“favorable” and “unfavorable” soil was invoked to ex- 
plain the relative rarity of metastases in certain organs 
or tissues, e.g., in the spleen and skeletal muscles. 
However, in experimental systems the location of me- 
tastases has been shown to be nonrandom, and so 
influences must condition the trapping of tumor cells in 
specific locations,-as discussed below. During transport 
through the blood a variety of interactions occur such 
as homotypic adhesion of tumor cells to form multicell 
emboli, and adhesion of tumor cells to platelets, lym- 
phocytes, and noncirculating host cells, that undoubt- 
edly affect the location of cancer cell arrest and sur- 
vival.*!:# In addition, poorly understood surface 
properties of circulating cancer cells and host normal 
cells, possibly receptors, have been shown to lead to 
specific localization of metastases. Ingeniously, it has 
been possible to select sublines from a variety of tu- 
mors—notably the B16 mouse melanoma—that will 
selectively “home” to specific organs, e.g., the lung, 
liver, brain, or ovary.** Pursuing this strange phenom- 
enon further, it has been shown that cancer cells that 
preferentially “home” to the lung will also localize 
selectively within lung tissue implanted in the thigh. 
Indeed, it is possible to confer on sublines a preference 
for the lung by fusing onto them vesicles of plasma 
membrane derived from pulmonary homing sublines.“ 
It appears, therefore, that at least certain experimental 
neoplasms possess surface properties or receptors spe- 
cific for certain normal tissues. Whether these phenom- 
ena have applicability to man is not known, but it is a 
curious fact that bronchogenic carcinomas have a high 
propensity for metastasizing to the adrenal glands, and 
renal cell and breast carcinomas have a preference for 
the lungs, bones, and brain. Thus, factors still uniden- 
tified may influence the localization of all metastases. 
There is more to the metastatic process than the mere 
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casting free of cells into the languid or rushing streams 
of lymph and blood. 

With this overview of the specific characteristics of 
benign and malignant tumors, the differential features 
are summarized in Table 6-2. 


Grading and Staging of Cancer 


GRADING AND STAGING OF CANCER 


Comparison of end results of various forms of cancer 
treatment, particularly between clinics, requires some 
degree of comparability of the neoplasms being assayed. 
To this end, systems have been devised to express, at 
least in semiquantitative terms, the level of differentia- 
tion—grade, and extent of spread of a cancer within the 
patient—stage, as parameters of the clinical gravity of 
the disease. 

Grading of a cancer is based on the cytologic 
differentiation of the tumor cells and the number of 
mitoses within the tumor as presumed correlates of the 
neoplasms aggressiveness and level of malignancy. 
Thus, cancers are classified as Grades I to IV with 
increasing anaplasia. Criteria for the individual grades 
vary with each form of neoplasia and so will not be 
detailed here, but all attempt, in essence, to judge the 
extent to which the tumor cells resemble or fail to 
resemble their normal counterparts. One of the most 
widely used systems is Broder’s grading, usually applied 
to squamous cell carcinomas of the skin. Unfortunately, 
the grading of cancers is replete with shortcomings. The 
level of differentiation may differ somewhat from one 
area to the next in large tumors, creating sampling 
errors. As has been indicated, with tumor progression 
the level of differentiation may change. Most often, 
cancers become progressively more undifferentiated as 
more vigorous, less specialized clones outgrow the bet- 
ter differentiated ones. Infrequently, cancers may be- 
come better differentiated, documented by the trans- 
formation of highly aggressive neuroblastomas into 
benign ganglioneuromas. Moreover, the correlation be- 
tween histologic appearance and biologic behavior is 
less than perfect. In recognition of these problems and 
in order to avoid spurious quantification, it is more 
common practice to characterize a particular neoplasm 
in descriptive terms, e.g., well-differentiated, mucin- 
secreting adenocarcinoma of the stomach, or highly 
undifferentiated, rapidly growing (more than ten mitoses 


Table 6-2. COMPARISONS BETWEEN BENIGN AND MALIGNANT TUMORS 


Characteristics Benign 


Differentiation—anaplasia 
tissue of origin 
Rate of growth 


normal 
Encapsulation—invasion 


Metastasis Absent 


Well-differentiated; structure may be typical of 


Usually progressive and slow; may come toa 
standstill or regress; mitotic figures are rare and 


Usually encapsulated, but rarely capsule is 
lacking; generally cohesive and expansile 


Malignant 


Some lack of differentiation with anaplasia; 

: structure is often atypical 

Erratic and may be slow to rapid; mitotic figures 
usually numerous and abnormal 


Invasive without encapsulation; usually infiltrative, 
but may be seemingly cohesive and expansile 

Frequently present; the larger and more 
undifferentiated the primary, the more likely are 
metastases 
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per ten high-power fields) retroperitoneal malignant 
tumor—probably sarcoma. 

The staging of cancers is based on the size of the 
primary lesion, its extent of spread to regional lymph 
nodes, and the presence or absence of blood-borne 
metastases. Two major staging systems are currently in 
use, one developed by the Union Internationale Contre 
Cancer (UICC) and the other by the American Joint 
Committee (AJC) on Cancer Staging. The UICC em- 
ploys a so-called TNM system—T for primary tumor, N 
for regional lymph node involvement, and M for metas- 
tases. The TNM staging varies slightly for each specific 
form of cancer, but there are general principles. With 
increasing size the primary lesion is characterized as T1 
to T4. Occasionally a TO is added to indicate an in situ 
lesion. NO would mean no nodal involvement, while 
N1-N3 would denote involvement of an increasing 
number and range of nodes. MO signifies no distant 
metastases, while Ml or sometimes M2 indicates the 
presence of blood-borne metastases and some judgment 
as to their number. 

The AJC employs a somewhat different nomencla- 
ture and divides all cancers into Stages 0 to IV, incor- 
porating within each of these stages the size of the 
primary lesion as well as the presence of nodal spread 
and distant metastases. The use of these systems of 
staging and more details will emerge later in the con- 
sideration of specific tumors. However, it merits em- 
phasis here that staging of neoplastic disease has as- 
sumed great importance in the selection of the best 
form of therapy for the patient, as is most clearly 
exemplified in the treatment of Hodgkin's disease (p. 
674). 


NEOPLASIA 


ATTRIBUTES OF TRANSFORMED 
(CANCER) CELLS 


When normal cells are exposed in vitro to carci- 
nogenic influences (chemical carcinogens, oncogenic 
viruses, radiant energy), they acquire many altered 
characteristics involving growth behavior and morphol- 
ogy, as well as others, and are said to have undergone 
transformation. Parenthetically, normal cells when 
maintained in vitro for some time may “spontaneously 
undergo transformation. However, transformation is not 
a sudden change that occurs all at once. Instead, it 
appears to be a gradual process in which successive 
generations of cells exposed to a carcinogen or repeat- 
edly subcultured become ever more deviant until finally 
irreversible transformation is achieved. Such fully trans- 
formed cells upon transplantation into syngeneic hosts, 
are capable of producing tumors. Earlier, some or many 
of the cells cultured in vitro, when removed from the 
carcinogenic environment, may be capable of reversion 
to normal, and may or may not in vivo be capable of 
forming tumors on transplantation.* Thus, the evidence 
suggests that transformation followed by cancerous po- 
tential is a dynamic process involving more than one 
generation of cells, each exhibiting greater deviation 


from the norm. Moreover, cell proliferation is required 
to “fix” the transformed state permanently. This concept 
of the sequential development of cancerous transfor- 
mation is of some clinical importance. Cells from certain 
human brain tumors and animal neoplasms, when grown 
in culture and treated with cAMP, have been induced 
to differentiate into specialized normal cells, suggesting 
the turning off of the cancerous transformation process. 
This so-called “reverse transformation” has been 
achieved with other agents that apparently induce ma- 
ture differentiation of cells.“4 The highly malignant 
neuroblastoma in children has been known to change 
into the more differentiated benign ganglioneuroma. In 
these instances, the neoplastic transformation had ap- 
parently not passed the “point of no return.” Regretta- 
bly, however, most cancers in man are made up of 
irreversibly transformed cells that do not revert to “tame 
little pussycats. ” . 

The intracellular, presumably molecular event or 
events that bring about the conversion of normal cells 
to cancer cells is of course a critical issue that is still 
under investigation. But whatever is involved, the phe- 
notype of the cancer cell differs in many ways from the 
normal.*° These differences can be arbitrarily divided 
into: (1) altered growth properties in vitro and in vivo; 
(2) morphologic changes; (3) karyotypic changes; (4) 
antigenic changes; (5) metabolic deviations; and (6) 
altered surface characteristics. It must be emphasized, 
however, that none of these deviations from the norm 
is invariably present in all transformed cells, and so 
none can be considered as a marker of the cancerous 
phenotype. The only certain proof of cancerous conver- 
sion is the ability of the cells to grow when implanted 
into an appropriate host and eventually to cause the 
death of the host. It is still not clear whether such 
destructive behavior results from some genetic change, 
i.e., a mutation, or is caused by some modification of 
gene expression, i.e., is epigenetic. But in either event 
the cancerous phenotype, once firmly imprinted, is 
almost always persistent and transmitted from one gen- 
eration to the next. What then are the salient features 
of cancer cells? 


ALTERED GROWTH PROPERTIES 


Cancer cells can be characterized as antisocial, fairly 
autonomous units that appear to be indifferent to the 
constraints and regulatory signals imposed on normal 
cells. 

Unregulated proliferation is a fundamental feature 
of all neoplastic cells, benign as well as malignant. They 
appear to have acquired the inbuilt capacity for contin- 
ued replication in the absence of mitogenic stimuli.*’ 
Loss of response to regulatory controls is a favored 
theory.* 

Failure to maturate may play as important a role 
in the altered growth of cancers cells as unregulated 
proliferation. When cells fail to maturate, they live 
much longer than normal cells because there is no 


terminal differentiation. In the normal epidermis, when 
a basal cell divides, one daughter cell remains undiffer- 
entiated to replace its forebear, but one undergoes 
differentiation into an anucleate squame and is desqua- 
mated. In this way the normal thickness is maintained. 
Failure of terminal differentiation would produce a 
tumor. Thus, at least some cancers may arise as the 
result of disordered differentiation of normal cells. 

Transplantability. Individual malignant cells can be 
readily explanted into appropriate culture media or 
living syngeneic hosts. In contrast, it is difficult and 
sometimes impossible to establish primary in vitro cul- 
tures of many forms of mature, specialized normal cells. 

Cancer cells are “immortal.” They can be indefi- 
nitely subcultured in vitro or be transplanted from one 
to another appropriate host. Indeed, many tumor cell 
lines, such as the Ehrlich ascites tumor, have been 
maintained in vitro for decades. 

Loss of contact inhibition. As pointed out earlier, 
normal cells in vitro cease locomotion and division when 
confluence of a monolayer has been achieved. Cancer 
cells, in contrast, pile up on each other to create 
multilayered, disorderly masses. Although it would ap- 
pear that malignant cells have escaped from cell-to-cell 
control signals, in the process referred to as “contact 
inhibition,” the excessive cellular proliferation may re- 
late to decreased susceptibility to “density-dependent 
inhibition of growth.” 

Cancer cells require lower serum concentrations 
for optimal growth, do not require anchorage, and so 
will grow in semisolid or fluid media.*” *® It appears 
that they are less dependent than normal cells on serum 
factors and solid substrate, e.g., basement membrane, 
for their growth. 

Malignant cells achieve higher densities in the 
culture than normal cells, and do not arrest at the Gy 
stage in the cell cycle at high density or in low serum 
media.© They are, therefore, less subject to “density- 
dependent inhibition of growth,” probably because they 
are less dependent on growth factors such as those in 
serum and are also capable of bypassing cell cycle 
restriction points that would normally arrest a cell from 
entering the S phase of DNA synthesis. 


MORPHOLOGIC CHANGES 


As already indicated in the discussion of differen- 
tiation and anaplasia, the malignant phenotype is usually 
associated with morphologic changes that, indeed, un- 
derlie the anatomic diagnosis of cancer. However, the 
changes may be subtle and, in some instances, decep- 
tively absent. Repeatedly one reads in the literature of 
a “benign metastasizing whateveroma. Since benign 
tumors do not metastasize, such lesions are testaments 
to the fact that some malignant tumors have none of the 
morphologic attributes expected in the transformed 
phenotype (Fig. 6-18). 
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Attributes of Transformed (Cancer) Cells 
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Figure 6—18. Metastatic thyroid carcinoma in liver. The tumor is 
formed of well-developed follicles filled with colloid and lined by 
flattened, innocent-appearing cells. Only the intrahepatic location 
discloses the true malignant character of the neoplasm. 


KARYOTYPIC CHANGES 


With each passing year it becomes more certain 
that the malignant cells of most types of human cancer 
have chromosomal abnormalities, and in many types of 
cancer the defects are consistent.*! Most of the chro- 
mosomal alterations only became evident with the ad- 
vent of the newer high-resolution banding techniques 
that now reveal 1200 (sometimes more) specific bands 
within the karyotype. The most common findings are 
either a band deletion usually involving autosomes 1, 
3, 11, or 13 in solid tissue cancers (e.g., carcinomas of 
the lung, ovary, and pancreas and neuroblastomas) or a 
translocation most often between 8 and 14 or between 
22 and 9 among the lymphomas and leukemias.*? More 
rarely a trisomy of autosome 8 or 12 is present in certain 
forms of lymphoma/leukemia. The fact that in many 
forms of cancer the chromosomal abnormality is nonran- 
dom has led some investigators to propose that the 
secrets of cancer are locked within certain genes— 
“oncogenes —and that alteration of these “oncogenes” 
or rearrangements of the DNA code permit these genes 
to be expressed (discussed later).* It should be noted, 
however, that not all cells with karyotypic abnormalities 
are necessarily malignant: witness the many mutations 
not necessarily associated with neoplasia as in such 
genetic disorders as Down's syndrome, Turner’s syn- 
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drome, and other conditions discussed in Chapter 4. 
Moreover, certain benign tumors, e.g., the menin- 
gioma, are regularly associated with a specific mutation, 
as pointed out below. Thus, only certain mutations 
appear to be important, and indeed may be fundamental 
to the cancerous phenotype. However, at present there 
remain instances of malignant neoplasia that are not 
accompanied by genomic abnormalities. Chromosomal 
changes have not been identified in some cases of acute 
myelogenous or lymphoblastic leukemia, but conceiva- 
bly further penetrations into the human genome will 
disclose them. 

Specific abnormalities have been identified in more 
than 20 tumors, with the promise of many more to 
come. Some of the better established findings are pre- 
sented in Table 6—-3.™ It is impossible within the limi- 
tations of space to discuss each, but a few comments 
will document their potential value in diagnosis, classi- 
fication, and prognosis.” 

Chronic myelogenous leukemia was the first malig- 
nant disease associated with a consistent karyotypic 
change, described in some detail on page 677. In brief, 
90% of affected adults have myeloid cells as well as 
erythroid, megakaryocytic, and monocytic cells (all de- 


rived from a neoplastic stem-cell precursor) marked by 
a small chromosome 22, referred to as the Philadelphia 
or Ph! chromosome. This so-called marker is the result 
of translocation of the distal segment of the long arm of 
22 to another chromosome, usually 9.°° About 10% of 
patients with chronic myelogenous leukemia are Ph'- 
negative. Identification of this marker chromosome in 
chronic myelogenous leukemia is of prognostic impor- 
tance; Ph!-positive patients generally respond to che- 
motherapy and survive for 40+ months, whereas Ph!- 
negative patients respond poorly to chemotherapy and 
on average survive about 15 months. However, the Ph! 
chromosome is sometimes present in acute leukemia 
and thus can no longer be considered an exclusive 
hallmark of chronic myelogenous leukemia.” 

Acute lymphocytic and nonlymphocytic leukemias 
can also be subdivided into subsets on the basis of 
karyotypes. In the acute lymphocytic category there are 
small groups of patients characterized by a particular 
translocation, i.e., t(4;11), t(8;14), or t(9;22). Among the 
nonlymphocytic leukemias there are subsets of t(8;21) 
and t(15;17). With all of these translocations, the prog- 
nosis is less favorable than in patients having a normal 
karyotype and the same hematologic disorder. 


Table 6-3. NEQPLASMS WITH A KNOWN CONSISTENT CHROMOSOMAL DEFECT (subbands denoted by a decimal-digit system). 


Chromosome Breakpoints or 
Disease Defect Deletion 
Leukemias 
Chronic myelogenous leukemia t(9;22) 9q34.1 and 22q11.21 
Acute nonlymphocytic leukemia 
M1 t(9;22) 9q34.1 and 22q11.21 
M2 t(8;21) 8q22.1 and 21q22.3 
M3 t(15;17) 15q22 and 17q11.2 
M4* inv 16f pi3.2 and q22 
M4*, M5* t(9$;11) 9p22 and 11q23 
M1, M2, M4, M5, M6 del 5q 5q22q23 
del 7q 7q33q36 
+18 
Chronic lymphocytic leukemia +12 
t(11314)t 11q13 and 14q32 
Acute lymphocytic leukemia 
L1-L2 t(9;22) 9q34.1 and 22q11.21 
L2§ t(4;11) 4q21 and 11q23 
L3 t(8;14) 8q24.13 and 14q32.33 
Lymphomas 
Burkitt's, small noncleaved cell (non-Burkitt),* large cell immunoblastic*t t(8;14) 8q24.13 and 14q32.33 
Follicular small cleaved,” follicular mixed,* and follicular large cell* t(14;18) 14q32.3 and 18q21.3 
Small cell lymphocytic” +12 
Small cell lymphocytic, transformed to diffuse large cell* t(11514)t 11q13 and 14q32 
Carcinomas 
Neuroblastoma, disseminated del 1p 1p31p36 
Small cell lung carcinoma del 3p 3p14p23 
Papillary cystadenocarcinoma of ovary t(6;14) 6q21 and 14q24 
Constitutional retinoblastoma” del 13q 13q14.13 
Retinoblastomat del 13q 13q14 
Aniridia-Wilms’ tumor* del 11p 11p13 
Wilms’ tumort del 11p 11p13 
Benign solid tumors 
Mixed parotid gland tumor t(3;8)T 3p25 and 8q21 
Meningioma —22 22 


*Cansistent chromosomal defects revealed by high-resolution banding techniques. 
tFew cases described. 
tChromosomes 6, 10, 17, and 19 may serve as alternative receptor chromosomes. 


§Drawn and slightly modified from Yunis, J. J.: The chromosomal basis of human neoplasia. Science 221:227, 1983. 


As is evident from Table 6-3, specific chromosomal 
deletions or translocations have been identified in some 
lymphomas and solid tumors. Of particular interest is 
the translocation 8;14 in the cells of Burkitt's lymphoma, 
a monoclonal B-cell malignant tumor of children that is 
particularly frequent in certain areas of East Africa (p. 
662). There is a great deal of circumstantial evidence 
that the Epstein-Barr virus (EBV) is involved in its 
causation. Conceivably, either an 8;14 translocation in 
a single B cell renders it vulnerable to neoplastic 
transformation by the EBV, or the mutation and virus 
act in concert to induce the neoplasm, as discussed 
later.°’ The meningioma is another form of tumor (usu- 
ally benign) of particular interest from the standpoint of 
specific chromosomal abnormalities. About 90% of these 
neoplasms arising, as the name implies, in the men- 
inges, have either a partial deletion or monosomy of 
chromosome 22. Recent studies document that loss of 
approximately half of the long arm of chromosome 22 is 
associated with benign behavior, but if this is followed 
by complete loss of the chromosome, more aggressive 
behavior ensues with local invasiveness. 

In addition to the specific karyotypic alterations in 
certain tumors, a wide range of nonspecific numerical 
and structural chromosomal abnormalities are frequently 
present in solid neoplasms. These presumably represent 
secondary changes acquired in the course of tumor 
progression. Whether such acquired karyotypic changes 
are associated with altered biologic behavior is under 
intense study.” 


ANTIGENIC CHANGES 


Cancer cells, when transformed in vitro or in vivo 
by carcinogenic agents (chemicals, viruses, radiant en- 
ergy), express a range of antigens, most of which are 
also found in normal cells, e.g., species specific, tissue 
or organ specific, and ABO antigens. © In addition, 
they express a great many tumor-associated antigens 
that may or may not be present in normal cells, but in 
any event are more abundant in tumor cells. In passing, 
it might be noted that these tumor-associated antigens 
provide so-called “markers” of the tumor (p. 267), since 
they can be used sometimes with appropriate immu- 
nocytochemical procedures to identify tumor cells his- 
tologically. Some are produced in large quantities and 
released into the blood in sufficient amounts to be 
detectable by sensitive immunologic assays, and thus 
provide clinical evidence of the presence of a neoplasm. 
The questions arise: (1) are any of these neoantigens 
found only in the tumor cells, namely tumor-specific 
antigensP and (2) do the spontaneous neoplasms of 
humans express tumor-specific antigens? Each question 
requires separate consideration. 

The neoantigens of experimentally transformed cells 
are membrane-associated, are immunologically distinct 
from histocompatibility antigens, and will induce trans- 
plantation immunity. A syngeneic host can be immu- 
nized against viable tumor cells by previous administra- 
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tion of the same attenuated (e.g., irradiated) tumor cells 
or by temporary growth of the tumor in the host, and 
subsequent surgical removal. Thus, these neoantigens 
are referred to as tumor-specific transplantation anti- 
gens (TSTAs) or tumor-associated rejection antigens 
(TARAs). Chemical carcinogens evoke TSTAs that are 
unique to the particular tumor and are immunologically 
distinct from those found in other tumors produced by 
the same agent, whether in the same host or an unre- 
lated host. Thus they are, in a sense, “private” antigens. 
The strength of these antigens correlates to a degree 
with the level of malignancy and with the carcinogenic 
potency of the chemical agent. Cells of low malignant 
potential and those transformed by weak carcinogens 
may not have tumor-specific antigens.®' Moreover, spon- 
taneous tumors in animals usually do not have strong 
transplantation antigens. Thus, it appears that the TSTAs 
of chemically-induced cancers arise as the result of a 
specific interaction between “target cells’ and a carcin- 
ogen. 

Nearly all neoplastic cells transformed by oncogenic 
viruses possess TSTAs, most coded by the viral genome. 
In addition, they may possess many tumor-associated 
antigens mentioned earlier. Although the TSTAs are 
specified by the viruses, they are distinct from the viral 
structural proteins. All neoplasms evoked by a specific 
virus have the same tumor-specific antigens, in striking 
contrast to the case with chemically induced tumors in 
which the antigens are “private” to a particular neo- 
plasm. A question persists as to whether these viral- 
induced TSTAs are, in the strictest sense, tumor-specific 
and are never found in normal cells. There is some 
evidence that the antigens evoked by certain viruses do 
not differ in some mouse strains from those produced 
by normal cells as differentiation antigens, but in strains 
that do not express such differentiation antigens they 
are tumor-specific.® In addition to the surface-associated 
TSTAs, cells transformed by certain DNA oncogenic 
viruses, e.g., SV40 and polyoma viruses, also express a 
nuclear T antigen or several T antigens. Although im- 
munologically distinct, T antigens and the TSTAs con- 
stitute separable fractions of the same polypeptide chain. 
The T antigens play some role in the transforming 
process of DNA oncogenic viruses, as will emerge later. 

Radiation-ihduced neoplasms also express tumor- 
specific antigens. The strength of these neoantigens 
varies from one tumor to the next but, like those of 
chemical origin, they are unique to the particular can- 
cer. 

The origin of TSTAs in experimentally-induced 
neoplasms is still somewhat uncertain. They could rep- 
resent mofified normal histocompatibility antigens, but 
the weight of evidence suggests that they are completely 
new products not ordinarily expressed by the genetic 
code of the normal cell. It should be noted that TSTAs 
are not necessary for malignant transformation since 
many chemically induced tumors and most spontaneous 
tumors lack them. Thus, they are best viewed as the 
consequence of malignant transformation rather than 
having an intrinsic role in the fundamental change 
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leading to the malignant phenotype. The nuclear T 
antigens of DNA viruses, on the other hand, are intrinsic 
to the transforming process. 

Only a very few human cancers express “private” 
tumor-specific antigens comparable with those in chem- 
ically induced neoplasms, and an additional few have 
common tumor antigens shared with similar and some- 
times dissimilar neoplasms. Most human cancers totally 
lack tumor-specific antigens or, at most, are very weakly 
immunogenic. The cells of human cancers, however, do 
have many of the previously mentioned tumor-associ- 
ated antigens also present in smaller amounts in normal 
cells. Some of these tumor-associated antigens are fetal 
antigens found normally in embryonic cells. These fetal 
antigens are discussed in greater detail later (pp. 268 
and 873), but will be briefly characterized here. One, 
alpha-fetoprotein (AFP) is mainly associated with hepa- 
tocarcinomas, yolk-sac tumors, a few other neoplasms, 
and some non-neoplastic conditions discussed on page 
938. Another, carcinoembryonic antigen (CEA), is 
principally associated with carcinomas of the colon, but 
is also encountered with those of the respiratory tract, 
pancreas, mammary gland, and others.® It suffices here 
to note that they are not tumor-specific antigens since 
they are also found in non-neoplastic conditions. 

The tumor neoantigens most closely approximating 
the TSTAs of experimentally-induced neoplasms have 
been best studied in malignant melanomas, the form of 
clinical cancer most clearly associated with an immune 
response. In an analysis of about 50 patients with this 
neoplasm, only a few were found to have IgG antibodies 
specific for their own neoplasm. The large majority of 
patients had nonspecific antibodies reactive with a wide 
variety of other tumor types as well as normal cells. In 
the past, such widely reacting antibodies have been 
mistakenly taken to indicate tumor-specific immunity. 

Recently, a new so-called “Ca antigen” has been 
described in a wide variety of malignant tumors, but 
not all—putatively a marker for human cancer cells.® ” 
This widely shared tumor-associated antigen was not 
identified in benign tumors nor in any normal tissue, 
save for the epithelium of the normal fallopian tube and 
urinary tract. Whether these normal cells actually pos- 
sess the Ca antigen, or instead have a cross-reacting 
normal antigen, is at present unclear. The validity of 
this “tumor” antigen for human cancer remains to be 
established, but it must be cautioned that similar claims 
in the past have often fallen by the wayside. 

Despite the lack of immunologic evidence of tumor- 
specific antigens in the cancers of humans, there is 
histologic evidence suggesting cell-mediated reactions 
to tumor-associated antigens in some malignant neo- 
plasms. Certain carcinomas of the lung, testis, and 
breast, malignant melanomas, and Hodgkin’s disease 
are heavily infiltrated by lymphocytes and macrophages. 
In a few instances the immunocompetent cells have 
been shown to be sensitized to the tumor antigens. 
Whether the presence of such a cellular response indi- 
cates an improved prognosis, as some contend, is still 
controversial. The presumed defensive role of these 


sensitized cells is best exemplified in Hodgkin's disease, 
as discussed on page 670. Other indirect evidence of an 
apparent immune response to human cancers is the 
increased frequency of malignant neoplasms in immu- 
nocompromised individuals, a topic to be explored more 
fully in the consideration of host-neoplasm interactions 
(p. 258). It is possible, therefore, that human cancers 
do express neoantigens, but it is too soon to say whether 
clinical neoplasms elaborate in the strictest sense tumor- 
specific antigens. Whether specific or not, the question 
may be asked: if the antigens evoke immune responses, 
how do the tumors escape destruction? This brings up 
the controversial subject of immunologic surveillance, 
discussed later (p. 258). 


METABOLIC CHANGES 


So many metabolic deviations from the normal have 
been described in experimentally transformed and hu- 
man cancer cells that it is only possible to skim the 
surface of this vast subject. However, certain generali- 
zations can be made. (1) The better the differentiation 
and the slower the rate of division of the cancer cell, 
the closer its metabolism approximates that of its normal 
forebear, and vice versa. (2) All highly anaplastic cancer 
cells tend toward a common simplified metabolic and 
enzyme pattern, sometimes referred to as “the biochem- 
ical convergence of tumors.” Weinhouse has put it well: 
“The highly neoplastic cell which has been transplanted 
many generations is like a stripped-down racing car in 
which other metabolic activities have been subordinated 
to the overwhelming compulsion to divide.’ ® (3) None 
of the metabolic deviations constitutes a hallmark of the 
malignant phenotype. Instead, they appear to reflect 
the activated state of proliferating cells and so may also 
be present in rapidly dividing non-neoplastic cells. (4) 
None of the metabolic deviations is thought to be the 
fundamental event responsible for the emergence of the 
cancer phenotype. Rather, they appear to be secondary 
to cancerous transformation. With this overview, a few 
of the more outstanding alterations will be cited. 

Long ago Warburg called attention to what he 
construed to be a fundamental metabolic alteration in 
cancer cells, namely, an unusually high rate of anerobic 
metabolism even in the presence of oxygen—so-called 
“aerobic glycolysis.’ It is now well recognized that this 
metabolic change merely reflects rapid growth of cells, 
whether neoplastic or non-neoplastic. There is increased 
synthesis of cellular constituents required for cell divi- 
sion and increased shedding of surface components. 
Considerable importance has been ascribed by some to 
impaired control of cholesterol synthesis in cancer 
cells.” As a result, it is contended that all membranes 
within cancer cells have an enriched cholesterol content 
with alteration of the cholesterol/phospholipid ratio. It 
is further proposed that the membrane changes com- 
prise early events in tumorigenesis accounting for the 
described deviations in social behavior, shape, and 
membrane transport of cancer cells. However, there is 


not universal agreement on such a proposal. Identifiable 
in many cancer cells are increased glutamate and glu- 
tamine oxidation, increased polyamine synthesis and 
accumulation, alterations in mitochondrial bioenerget- 
ics, synthesis of aberrant proteins and glycoproteins 
(such as tumor-associated antigens), and sometimes syn- 
thesis of “ectopic” hormones as well as other bioactive 
abnormal products producing paraneoplastic syndromes 
(p. 255). Alterations in enzymes are frequently present, 
but are too diverse and numerous to be detailed. In 
general, there is a tendency to revert to fetal-type 
isoenzymes as the level of differentiation falls. For 
example, an alkaline phosphatase called the Regan iso- 
zyme is produced by about 10% of cancers. It is of 
interest because it is normally produced by placental 
tissue, suggesting derepression of an embryonic pro- 
gram. In several experimental tumor cell lines, abnor- 
mal function of membrane Na*Kt-ATPase has been 
identified that renders the sodium pump inefficient. 
Sometimes particular enzyme changes have unusual 
clinical significance. Terminal deoxynucleotidyl trans- 
ferase (TdT) is typical of T- and null-cell lymphocytes 
(rarely of pre-B cells and early myeloid forms). Thus, 
when present in acute leukemia, it suggests a lymphoid 
origin. Conversely, the cells of acute lymphocytic leu- 
kemia often lack an enzyme required for the synthesis 
of the amino acid asparagine. The survival of these 
leukemic cells is therefore dependent on asparagine 
produced in the liver. The enzyme lack has been 
exploited by administering L-asparaginase to these pa- 
tients in the hope of depriving the leukemic cells of 
required asparagine. Thus, although the biochemical 
and metabolic analyses of cancer cells have yielded no 
profound insights into the nature of the cancerous 
transformation, a few findings have proved clinically 
useful. 


CELL SURFACE AND MEMBRANE CHANGES 


Changes in the plasma membrane and at the inter- 
face between transformed cells and normal cells would 
seem a priori to be critical to the aggressive behavior of 
the malignant phenotype. Indeed, a large number of 
alterations have been identified, but it is not clear 
whether they are primary or secondary. Proteolytic 
treatment of normal cells confers on them many of the 
properties of transformed cells. Moreover, the literature 
abounds with conflicts over the validity and significance 
of each of the alterations. Nonetheless, certain changes 
are reasonably well established, and attention will be 
directed to these.” 

Neoplastic cells, whether derived from transformed 
cultures or from neoplasms in vivo, generally, but not 
invariably, reveal: 

—A loss, diminution, or in some cases acquisition of 
such surface specializations as microvilli, pseudopodia, 
and filopodia. 

—Alterations in cell junctions. 
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Attributes of Transformed (Cancer) Cells 


—Inconstant cytoskeletal alterations. 

—Changes in surface-associated glycoproteins and 
proteins, particularly enzymes affecting membrane 
transport and, possibly, invasiveness. 

—Changes in glycolipids and lipids affecting perme- 
ability, surface receptors, and surface antigens. 

—Enhanced lectin agglutinability. 

—Changes in responsiveness to inhibitory and stim- 
ulatory putative growth factors. 

—Alterations of surface-associated and intracellular 
ions. 

The above represents a very incomplete listing, but 
it indicates the scope of the changes. Rather than 
commenting on each, some synthesis will be attempted. 

In the perspective of the many morphologic 
changes in tumor cells previously described, it is no 
surprise that surface morphologic changes are also pres- 
ent. In general, they take the form of simplification and 
disorganization of specialized features. Thus, tumor cells 
often exhibit diminution or loss of microvilli, pseudo- 
podia, and filopodia and a tendency toward “rounding- 
up. Such cytopodia as persist are often distorted or 
elongated, and occasionally replaced by blebs.” How- 
ever, such findings are not universal, and certain types 
of tumor cells often acquire extraordinary microvilli or 
cytopodia not present in their normal counterparts (Fig. 
6-19). Closely related to the changes in cell shape are 
alterations in the cytoskeleton. These were mentioned 
on page 28, but in general there is disorganization of 
microtubules and microfilaments in tumor cells. Inter- 
mediate filaments may be diminished in number, but 
more often they are abundant and provide a means of 
identifying the histogenetic origin of the tumor cell. 

A number of cell surface and membrane alterations 
may have importauce in the abnormal social behavior 
of cancer cells. A fundamental feature is enhanced 
transmembrane transport of nutrients, for example, into 
the cell and metabolites out of the cell, potentiating 
increased metabolic activity and replication. Typically, 
there also is increased synthesis, incorporation, and, in 
particular, shedding of surface and membrane compo- 
nents.”* Of major current interest is the cell surface 
glycoprotein fibronectin, formerly known as LETS (large 
external transformation-sensitive) protein. There is a 
general, although imperfect, correlation between the 
level of tumorigenicity and the extent of loss by shedding 
of fibronectin from cell surfaces.“ Loss of fibronectin 
may contribute to the reduced adhesiveness and cohe- 
siveness of cancer cells. Other glycoproteins, both in- 
tegral to the plasma membrane and extrinsic (within the 
glycocalyx), are altered.” While some are lost, new 
glycoproteins appear that probably reflect tumor neoan- 
tigens. Shed fibronectin is found in the plasma as cold- 
insoluble globulin; the increased plasma levels in pa- 
tients with cancer may contribute to the coagulopathy 
occasionally observed in these patients (p. 98). Other 
procoagulant factors are also released by certain cancer 
cells, contributing possibly to the coagulopathy.” 

Surface glycolipids, some of which constitute re- 
ceptors, are reduced in many cancer cells. These recep- 
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Figure 6-19. A malignant mesothelial cell displaying numerous 
slender, wavy cytopodia projecting from the cell surface. The normal 
mesothelial cell lacks cytopodia but they are acquired in inflamma- 
tory and neoplastic states (x 8000). (Courtesy of Dr. M. Warhol, 
Brigham and Women’s Hospital.) 


tors play roles in the localization of metastases, and the 
actions of hormones and possibly growth-stimulatory 
and -inhibitory substances, e.g., chalones.” Deletion of 
these molecules may be important to the loss of growth 
regulation. Cancer cells have an increased ability to 
take up solutes from their environment, which function 
may play a role in the diminished density-dependent 
inhibition of growth by conferring an advantage in the 
competition for nutrients. | 

Cell junctions are another feature affecting social 
behavior. Desmosomes involved in cell-to-cell attach- 
ment would be expected to be reduced in number in 
tumor cells with their lowered adhesiveness and cohe- 
siveness, as indeed they are in some cancer cells. 
However, recent studies point out that a normal com- 
plement may be present in the primary lesion and 
within the hepatic metastases.” It is significant, then, 
that cells may detach and spread to distant sites despite 
retention of desmosomes. On the other hand, gap or 


communicating junctions are frequently diminished or 
absent.’”? Such junctions have been attributed impor- 
tance in the transmission of chemical signals between 
cells, and so any reduction in the number of these 
junctions might play a role in the diminished contact 
inhibition characteristic of cancer cells. 

Several other surface features are worthy of note. 
Most tumor or transformed cells agglutinate at a much 
lower concentration of lectins than their normal coun- 
terparts. Lectins comprise plant and invertebrate diva- 
lent molecules that cross-link sugars on adjacent cells. 
Increased lectin agglutinability is poorly understood; it 
has been attributed to their redistribution related to 
increased mobility within the cell membrane. Lectin 
agglutinability and receptor shifts correlate well with 
loss of growth regulation. A host of membrane enzyme 
changes have been described. The production and re- 
lease of the serine protease, plasminogen activator, is 
thought to be important to cancer transformation. Other 
proteases are also released. Such enhanced fibrinolytic 
and proteolytic activity could contribute to the invasive- 
ness of cancer cells.*° Increased amounts of galactosyl- 
transferase are released by many types of tumor cells. 
Detection of this enzyme in the blood is now used 
clinically as an indicator of the presence of a cancer, as 
discussed on page 1107. Another surface-related enzyme 
of great current interest is a protein phosphorylating 
kinase. It is a major feature of the transforming activity 
of certain oncogenic viruses (p. 247). Adenyl cyclase is 
another surface-associated enzyme that mediates the 
synthesis of cAMP from ATP. As you know, cAMP is 
thought to be an intracellular messenger. For example, 
hormones that bind to membrane receptors assert their 
intracellular actions by modifying cAMP levels. It is, 
therefore, of great interest that reduced cAMP levels 
are commonly found in transformed cells, suggesting 
lack of regulatory signals involved in control of cell 
growth and division. Underlying the lower levels of 
cAMP are reductions in membrane adenyl cyclase and 
increases in cyclic nucleotide phosphodiesterase _in- 
volved in its breakdown.*! 

Enough has been said about cell surface and mem- 
brane changes to make evident the many deviations 
from normal that are sometimes, or usually, found in 
cancer cells. Collectively these alterations provide rea- 
sonable explanations for many of the attributes of the 
malignant phenotype, e.g., altered social behavior, sur- 
face antigens, invasion, and others. Thus, there is a 
widely held view that, in the last analysis, “cancer is a 
membrane disease.” 

With this survey of the salient features of the 
malignant phenotype, we can turn to the search for the 
cause or causes of cancer. 


CARCINOGENIC AGENTS AND THEIR 
CELLULAR INTERACTIONS 


A large number of agents induce neoplastic trans- 
formation of cells in vitro and cancers in experimental 


animals. They can be divided into the following cate- 
gories: (1) chemical carcinogens; (2) radiant energy; (3) 
oncogenic viruses; and (4) others. Radiant energy an 

certain chemical carcinogens are documented causes of 
cancer in humans, and the evidence linking viruses to 
certain types of clinical neoplasia grows ever stronger. 
Indeed, epidemiologic studies hint strongly that 80 or 
even 90% of human cancers are the result of life style 
and other environmental influences.” The following 
discussion will deal largely with observations of partic- 
ular pertinence to humans and relevant experimental 
data. Agents will be considered separately, but it is 
important to note that several may act in concert or 
synergize the effects of others. There is strong experi- 
mental evidence that neoplastic transformation is a 
progressive process involving multiple steps and “mul- 
tiple hits.” Thus, chemical carcinogens may initiate the 
process that is completed by oncogenic viruses.” It is 
possible, therefore, that at least some cancers in humans 
are the consequences of the unfortunate confluence of 
several of the carcinogenic influences discussed here. 


CHEMICAL CARCINOGENS 


Although John Hill earlier called attention to the 
association of “immoderate use of snuff” and the devel- 
opment of “polypusses’ (polyps), we owe largely to Sir 
Percival Pott our awareness of the potential carcinogen- 
icity of chemical agents. Pott astutely related the in- 
creased incidence of scrotal skin cancer in chimney 
sweeps to chronic exposure to soot. A few years later, 
on the basis of this observation, the Danish Chimney 
Sweeps Guild ruled that its members must bathe daily. 
No public health measure since that time has so suc- 
cessfully controlled a form of cancer! Over the succeed- 
ing two centuries, hundreds of chemicals have been 
shown to transform cells in vitro and to be carcinogenic 
in animals.** ® Some of the most potent (e.g., the 
polycyclic aromatic hydrocarbons) have been extracted 
from fossil fuels or are products of incomplete combus- 
tions. Some are synthetic products created by industry 
or for the study of chemical carcinogenesis. Some are 
naturally occurring components of plants and microbial 
organisms. Most important, a significant number (in- 
cluding, ironically, some medical drugs) have been 
strongly implicated in the causation of cancers in hu- 
mans. 

All the chemical carcinogens fall into one of two 
categories: (1) direct-acting (also known as activation- 
independent) compounds; or (2) procarcinogens that 
require metabolic conversion in vivo or enzymatic con- 
version in vitro to produce metabolites capable of trans- 
forming cells, referred to as “ultimate carcinogens.” 
Intermediate products in this metabolic conversion are 
sometimes referred to as “proximate carcinogens. The 
major agents in these two categories are listed in Table 
6—4. A few comments follow about some of these agents. 
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Table 6—4. MAJOR CHEMICAL CARCINOGENS 


Direct-Acting Carcinogens 
Alkylating agents 
beta-propiolactone 
dimethylsulfate 
diepoxybutane 
anticancer mustards (cyclophosphamide, chlorambucil, 
busulfan, melphalan, and others) 
Acylating agents 
1-acetyl-imidazole 
dimethylcarbamyl chloride 
Procarcinogens that Require Metabolic Activation 
Polycyclic and heterocyclic aromatic hydrocarbons 
benz(a)anthracene 
benzo(a)pyrene 
dibenz(a,h)anthracene 
3-methylcholanthrene 
7,12-dimethylbenz(a)anthracene 
Aromatic amines, amides, azo dyes 
2-naphthylamine (beta-naphthylamine) 
benzidine 
2-acetylaminofluorene 
dimethylaminoazobenzene (butter yellow) 
Natural plant and microbial products 
aflatoxin B, 
mitomycin C 
griseofulvin 
cycasin 
safrole 
betel nuts 
Others 
nitrosamine and amides 
carbon tetrachloride 
ethionine 


Types of Chemical Carcinogens 


DIRECT-ACTING ALKYLATING AGENTS. Although 
these agents are activation-independent, they may be 
chemically or enzymatically inactivated. In general, they 
are weak carcinogens. Nonetheless, they have impor- 
tance because many therapeutic agents (e.g., cyclo- 
phosphamide, chlorambucil, busulfan, melphalan, and 
others) fall into this category. These are used as antican- 
cer drugs, but regrettably have been documented to 
induce lymphoid neoplasms, leukemia, and other forms 
of cancer.* In one survey of patients receiving alkylating 
agents in the treatment of disseminated ovarian cancer, 
the risk of leukemia was increased 17-fold in those who 
survived for at least two years.* Alkylating agents appear 
to exert their therapeutic effects by interacting with and 
damaging DNA, but it is precisely these actions that 
render them also carcinogenic.* *° 

Potycyc.tic AROMATIC HYDROCARBONS. These 
agents represent some of the most potent carcinogens 
known. They require metabolic activation but can also 
be metabolized to noncarcinogenic products. These 
strong carcinogens can induce tumors in a wide variety 
of tissues and species. Painted on the skin they cause 
skin cancers, injected subcutaneously they evoke sar- 
comas, or introduced into a specific organ they cause 
cancers locally. Such pluripotency denotes potent car- 
cinogenicity, which depends on the balance between 
conversion to active and inactive metabolites. The for- 
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mation of the final reactive products—the “ultimate 
carcinogens —has been elegantly detailed for many of 
the aromatic hydrocarbons.” Involved are microsomal 
endoplasmic reticulum—associated monooxygenases be- 
longing to a family of cytochromes, principally P-450 
and P-448.°' These enzyme systems require NADPH as 
a cofactor, and utilize molecular oxygen for their oxi- 
dative activity. A comparable system may be located in 
the nucleus. The “ultimate carcinogens’ for many of the 
polycyclic hydrocarbons are now known to be dihydro- 
diol epoxides.” These epoxides are strong electrophilic 
reactants and combine with nucleophilic sites in the 
target cells, including DNA, RNA, and proteins. Elec- 
trophilic reactants are positively charged molecules that 
form covalent bonds with electron-deficient nucleophilic 
atoms. Since some of the polycyclic procarcinogens may 
be metabolized to several electrophilic products and 
since there are very likely multiple reactive sites in the 
macromolecules of cells, covalent bonding must occur 
at many sites within the cell. The polycyclic hydrocar- 
bons are of particular interest as carcinogens because 
they are produced in the combustion of tobacco, partic- 
ularly with cigarette smoking or possibly in the process 
of cooking, especially broiling or smoking of meats and 
fats.°° 

AROMATIC AMINES AND Azo DYES. Agents in this 
category were the first to reveal the requirement for 
metabolic activation of most carcinogens. They do not 
usually cause cancer at the point of application; instead, 
they exert their effects at sites of release of the ultimate 
electrophilic reactant. The carcinogenicity of most aro- 
matic amines and azo dyes is exerted mainly in the 
liver, where the “ultimate carcinogen” is formed by the 
intermediation of the cytochrome P-450 oxygenase sys- 
tems. Thus, fed to rats, acetylaminofluorene and the 
azo dyes induce hepatocellular carcinomas, but not 
cancers of the gastrointestinal tract. An agent implicated 
in human cancers, beta-naphthylamine, is an exception. 
It has in the past been responsible for a 50-fold increased 
incidence of bladder cancer in heavily exposed workers 
in aniline dye and rubber industries. After absorption 
it is hydroxylated into an N-OH derivative and then 
detoxified by conjugating with glucuronic acid. Other 
products are also formed but are less strong electro- 
philes. When excreted in the urine, the nontoxic con- 
jugate is split by the urinary enzyme glucuronidase to 
again release the electrophilic reactant, thus inducing 
bladder cancer. Regrettably, humans are one of the few 
species to possess the urinary glucuronidase. Some of 
the azo dyes were developed to color food, e.g., butter 
yellow to give margarine the appearance of butter, and 
scarlet red to impart the seductive coloration of certain 
foods such as maraschino cherries. These dyes are now 
federally regulated in the United States because of the 
fear that they may be dangerous to humans. 

NATURALLY OCCURRING CARCINOGENS. Among the 
approximately 30 known chemical carcinogens produced 
by plants and microorganisms, the potent hepatic car- 
cinogen aflatoxin B, is most important. It is produced 
by some strains of Aspergillus flavus that thrive on 
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improperly stored grains and peanuts. A strong corre- 
lation has been found between the dietary level of this 
hepatocarcinogen and the incidence of hepatocellular 
carcinoma in some parts of Africa and the Far East.” * 
The aflatoxin, along with other procarcinogens, requires 
metabolic activation by hepatic microsomal oxygenases 
to yield a dihydrodiol epoxide as the “ultimate carcino- 
gen.” It may be noted that infection with hepatitis B 
virus has also been strongly correlated with these can- 
cers, raising the possibility that the aflatoxin and the 
virus collaborate in the production of this form of 
neoplasia, as discussed on page 936.” 

NITROSAMINES AND AMIDES. These carcinogens are 
of interest hecause of the possibility that they may be 
formed in the gastrointestinal tract of humans (p. 426) 
and so may contribute to the induction of some forms 
of cancer, particularly gastric carcinoma. Like most 
other carcinogens, the nitroso- compounds require ac- 
tivation, which again involves the microsomal P-450 
system. The ultimate carcinogenic derivatives are alkyl 
diazonium ions that are strongly electrophilic. 

MISCELLANEOUS AGENTS. Scores of other chemicals 
have been indicted as carcinogens. Only a few that 
represent important industrial hazards will be men- 
tioned. Occupational exposure to asbestos has been 
associated with an increased incidence of bronchogenic 
carcinomas, mesotheliomas, and gastrointestinal can- 
cers, as discussed in detail on p. 440. It is somewhat 
sobering to realize that a number of cases of mesothe- 
lioma have been reported among individuals whose only 
exposure to asbestos was household contact with asbes- 
tos workers. Concomitant cigarette smoking heightens 
the risk of bronchogenic carcinoma manyfold.” Vinyl 
chloride is the monomer from which the polymer po- 
lyvinyl chloride is fabricated. It was first identified as a 
carcinogen in animals, but investigations soon disclosed 
a scattered incidence of the extremely rare heman- 
giosarcoma of the liver among workers exposed to this 
chemical. There are some tentative data among those 
heavily exposed, suggesting in addition an excess mor- 
tality from tumors of the brain, lung, and lymphatic and 
hematopoietic systems.” The oncogenicity of vinyl chlo- 
ride is dose related, raising the issue of whether indi- 
viduals living in proximity to factories that release fumes 
into the ambient air may not also be at risk. Chromium, 
nickel, and other metals, when volatilized and inhaled 
in industrial environments, have caused cancer of the 
lung. Skin cancer associated with arsenic is also well 
established. Similarly, there is reasonable evidence that 
many insecticides, such as aldrin, dieldrin, and chlor- 
dane and the polychlorinated biphenyls are carcinogenic 
in animals, and the unpleasant citations could be con- 
tinued. 

In summary, save for a few direct-acting carcino- 
gens, most of the strong chemical agents are procarcin- 
ogens requiring metabolic transformation into “ultimate 
carcinogens. The liver is by far the major site of both 
metabolic activation and detoxification. Its ability to 
perform these conflicting functions is materially en- 
hanced by previous or simultaneous exposure to drugs 


and chemicals, e.g., phenobarbital, insecticides, and 
herbicides that are also detoxified by the same micro- 
somal (“mixed function oxidases’) system and so induce 
higher levels of the enzymes. Nutrition, age, and hor- 
mones also modify the enzyme levels. All these influ- 
ences, then, modify the rate of activation of procarcin- 
ogens, but at the same time the rate of detoxification.'” 
The carcinogenicity of a chemical hangs on this balance 
and, regrettably, ways have not been found to alter it 
favorably. There is strong evidence that both direct and 
activation-dependent carcinogens exert their effects by 
interaction with DNA or, more simply, that they are 
mutagenic, as discussed below. However, many also 
bind to RNA and proteins and, through epigenetic 
pathways, could modify gene expression. 


Steps Involved in Chemical Carcinogenesis 


Neoplastic transformation of cells in culture and 
the induction of cancers in vivo by chemical carcinogens 
is a dynamic process. It involves sequential generations 
of cells over a variable span of time—depending mainly 
on cell type, species, reactivity of the carcinogen or its 
metabolites, and especially on dosage. During the proc- 
ess, at least two stages can be identified in experimental 
systems: initiation and promotion. In all probability 
these stages are also involved in the “spontaneous” 
emergence of cancers in humans. Initiation results from 
the exposure of cells or tissues to an appropriate dose 
of a carcinogenic agent; an initiated cell is in some 
manner permanently altered, rendering it likely to give 
rise to a tumor. However, initiation alone is not suffi- 
cient for tumor formation. Cell replication, at least one 
cycle, must follow to complete the “biochemical le- 
sion. 1° Initiation, therefore, is at least a two-step 
phenomenon. In the classic model system, the exposure 
of mouse skin to an initiating agent evokes few or no 
tumors. Moreover, the treated skin appears histologi- 
cally normal. Subsequent painting of the skin by repet- 
itive, sufficiently large doses of a promoting agent over 
the span of months evokes at first a large number of 
papillomas, which in about one year are transformed 
into carcinomas. Promoters can therefore be defined as 
agents that increase the tumorigenic response when 
applied after the initiator in amounts above a threshold 
level. By themselves, most promoters produce no tu- 
mors. However, with sufficiently strenuous application 
some promoters, notably phorbol esters, will evoke 
tumors, although not on a scale comparable in time or 
number with the combination of initiator and pro- 
moter.!” Several points are noteworthy in the initiation- 
promotion sequence. Some chemicals are “complete 
carcinogens that with sufficiently large doses act as 
both initiators and promoters. Indeed, a single “hit” 
may suffice. However, most chemicals are “incomplete 
carcinogens that require promoters to induce tumors. 
Tumors do not result when the promoting agent is 
applied before, rather than after, the initiating agent. 
However, since initiation is irreversible, withholding 
the promoting agent for months or even up to a year 


239 


has been shown still to result in the production of skin 
tumors.!® Because of the irreversibility of the effects of 
initiators, multiple divided doses will achieve the same 
result as a comparable total dose administered at one 
time. In contrast, there is a threshold level for promoters 
and their effects are reversible; thus, subthreshold or 
widely spaced doses are without effect. 

Promoters, since they enhance tumorigenesis, are 
in a sense carcinogens. They constitute a diverse group 
of chemicals. Best studied is the phorbol ester 12-O- 
tetradecanoylphorbol-13-acetate derived from croton 
seed oil. A few other promoters of relevance to humans 
are phenols (found in tobacco tars), phenobarbital, sac- 
charin, cyclamates, and various hormones, notably es- 
trogens. Phorbol ester, about which most is known, 
does not require metabolic conversion, is not an elec- 
trophilic reactant, and so does not bind covalently to 
cellular macromolecules. It has a variety of effects in 
mouse epidermis, the most significant being increased 
cell replication, induction of enzymes, retardation of 
terminal differentiation, and modification of the mem- 
branes of cells grown in vitro.’ How it exerts these 
effects, and which are critical to its enhancement of 
tumor induction, is unclear. One theory proposes that 
promoters derepress synthetic programs and thus acti- 
vate cell replication.'® Alternatively, membrane actions 
may mediate the changes. Other mechanisms may be 
involved with some of the promoters. Phenobarbital 
may act by increasing the levels of the cytochrome-P- 
450 microsomal oxydase system involved in metabolic 
conversion and detoxification (p. 27).'® 

Certain promoters may contribute to cancers in 
humans. Saccharin and cyclamates have been shown to 
promote the induction of bladder cancer in rats previ- 
ously given marginal doses of carcinogens.’ Whether 
these artificial sweeteners are also initiators or pro- 
moters in humans is a hotly debated issue, addressed 
on page 426. Suffice it here to note that epidemiologic 
studies, while yielding conflicting results, disclose no 
solid evidence of carcinogenicity in the dosages custom- 
arily used by humans. Hormones such as the estrogens 
serve in animals as promoters of liver tumors. The 
prolonged use of diethylstilbestrol is implicated in the 
production of postrnenopausal endometrial carcinoma 
and in the causation of vaginal cancer in offspring 
exposed in utero, as discussed on page 1120. The action 
of many promoters is limited to specific cells and tissues. 
With such specificity, surface receptors or target cells 
are postulated.’ However, some promoting agents act 
in a nonspecific manner to exert their effects widely. 
We must accept that the role of promoters is still far 
from clear, but a number of agents to which humans 
are exposed are known to be promoters and may play a 
role in the production of clinical cancer. 

The study of chemical carcinogens has yielded 
important insights into the nature of oncogenic transfor- 
mation of cells.!° 1° Because DNA is a primary target 
of all carcinogenic chemicals (or their ultimate metabo- 
lites), it seems most likely that some alteration of the 
genetic code, generically referred to as a somatic mu- 
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tation, is a critical feature of the transforming process. 
However, nonmutational epigenetic mechanisms cannot 
be excluded as alternative or collaborative pathways, as 
discussed later in more detail. The carcinogens—DNA 
adducts~-—have been shown to impair template activities 
during replication and transcription, thus in effect in- 
ducing miscoding errors and expanding mutations.''® 
Each carcinogen interacts with DNA in specific ways 
that differ in their effects. For example, alkylating agents 
have been shown to alkylate the N-7 position of guanine, 
which is nonmutagenic, but also the O-6 position, which 
is strongly mutagenic and concomitantly carcinogenic. 
Thus, it is not the extent of total binding but rather the 
specific sites of binding that is important. Corroborating 
DNA as the primary target, normal cells can be con- 
verted to cancer cells by transfection (transfer of genes 
by recombinant DNA techniques) with DNA from 
chemically transformed cells.'!' Intriguing as this obser- 
vation may be, transformation has also been accom- 
plished by transfection with genes from normal cells, as 
further elaborated on page 248, but in either event 
alteration of the genome appears to be central to the 
transforming process. 
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Significant Features of Chemical Carcinogenesis 


Most known chemical carcinogens are mutagenic in 
at least one test system.'* | The Ames test is the most 
widely employed. Salmonella typhimurium mutants in- 
capable of synthesizing histidine are grown on histidine- 
deficient medium and exposed to potential carcinogens 
along with liver homogenate, to provide the necessary 
enzymes for metabolic conversion. If the metabolites 
are mutagenic, some of the organisms back-mutate from 
a defective to a functional histidine gene, thus permit- 
ting bacterial growth. The number of colonies is a rough 
measure of the level of mutagenicity. Chemical carcin- 
ogens have also been shown to be mutagenic in mam- 
malian cell cultures. The initiation-induced mutation, 
however, can be repaired; conversely, when there is a 
defect in DNA repair as occurs with certain hereditary 
disorders, xeroderma pigmentosum for example, there 
is increased vulnerability to cancers. However, not all 
carcinogens are mutagens, and conversely some muta- 
gens are noncarcinogenic.'"* There is nonetheless a high 
correlation between carcinogenicity and mutagenicity, 
but the fact that it is not absolute underscores the 
possibility that nonmutational pathways may also lead 
to the malignant phenotype. 

Cell replication is required for “fixation” of the 
transformed state. During the preneoplastic phase, per- 
haps before fixation of the initiation occurs, reversal is 
possible with return of the cells to normal differentia- 
tion.''? What precisely occurs with “fixation” is still not 
clear, but it is speculated that in the process of cell 
division the initiation “lesion” in DNA leads to ever 
greater errors in the genetic code. Indeed, the contri- 
bution of promoters to the formation of tumors may be 
the induction of cell replication. Thus, regenerative 
activity following cell death, whatever the cause, favors 


the development of cancers in humans and experimental 
animals.'!> Indeed, “complete carcinogens” may depend 
for their potency not only un their electrophilic reactiv- 
ity, but also on their toxicity, causing cell death followed 
by regenerative activity. Hyperplastic states in humans 
are also fertile soils for tumor formation. During the 
latent period between the application of an initiator and 
the appearance of tumors, “preneoplastic’” enzyme-al- 
tered foci have been described in chemical model 
systems, and cell proliferation is thought to be obligatory 
to their induction. !" 

Since malignant transformation can be the result 
of the additive effects of multiple small exposures to 
initiators, there is no “safe” threshold level for carcin- 
ogens. However, during the intervals between subcar- 
cinogenic exposures, repair of the initiation lesion or 
terminal differentiation of affected cells may interrupt 
the transforming process. 

Diverse oncogenic influences may act in concert to 
induce cell transformation. Cells previously exposed to 
radiant energy are more vulnerable to chemical carcin- 
ogens, and the latter synergize the transforming action 
of oncogenic viruses.* Thus has arisen the concept of 
cocarcinogenesis. Tobacco smoke residue, with its po- 
lycyclic aromatic hydrocarbons, also contains nitrosa- 
mines, and other chemicals that may serve as cocarcin- 
ogens. In addition it contains phenolic promoters, 
making it a dangerous witches’ brew. The increasing 
frequency of cancer with advancing age in humans might 
well be due to cumulative exposure over the years to a 
variety of carcinogenic influences, although other expla- 
nations may exist. 

Finally, neoplastic transformation by chemical 
agents is a multistage and possibly “multihit” process 
involving successive generations of cells, each approach- 
ing more closely the malignant phenotype. Not only is 
initiation and promotion involved, but also tumor pro- 
gression with the evolution of successive clones of cells, 
one or more of which ultimately escapes regulatory 
controls. 

With the rapidly lengthening list of indicted com- 
pounds, mention should be made here of the growing 
uneasiness about the criteria for labeling substances 
carcinogenic. Phenobarbital is a known promoter in 
animals and, to this extent, is carcinogenic. Massive 
pharmacologic doses of phenobarbital have produced 
nodules in the livers of certain mice, but the drug is 
without effect in rats. There have been no reports of an 
increased incidence of cancer in patients with epilepsy 
receiving this drug over prolonged periods of years. 
Should phenobarbital be labeled a carcinogen? We find 
ourselves in the dilemma in which tests employing large, 
nontherapeutic dosages in laboratory animals suggest or 
establish the carcinogenicity of a chemical, and negative 
epidemiologic surveys in humans do not provide total 
reassurance. Will cancers appear much later? How much 
of the usual incidence of cancer is related to these 
suspected, and still other unsuspected, chemical agents? 
On the one hand, withdrawal of falsely accused sub- 
stances might impair the quality of life: on the other 


hand, inadequate surveillance could impair the quantity 
of life. It is a thorny issue that cannot be dismissed. 
Chemicals are known causes of cancer in humans and it 
is indeed possible, as others have said, that “we swim 
in a sea of carcinogens.” 


RADIATION CARCINOGENESIS 


Radiant energy, whether in the form of the ultra- 
violet (UV) rays of sunlight or ionizing electromagnetic 
and particulate radiation, can transform virtually all cell 
types in vitro and induce neoplasms in vivo in both 
humans and experimental animals." '!8 UV light is 
clearly implicated in the causation of skin cancers, and 
ionizing radiations of medical, occupational, and, la- 
mentably, atomic bomb origins have produced a variety 
of forms of malignant neoplasia. Although the contri- 
bution of radiation to the total human burden of cancer 
is probably small, the well-known latency of radiant 
energy and its cumulative effect require extremely long 
periods of observation and make it difficult to ascertain 
its total significance. Only now, almost four decades 
later, is an increased incidence of breast cancer becom- 
ing apparent among females exposed during childhood 
to the A-bomb."* Moreover, its possible additive or 
synergistic effects on other potential carcinogenic influ- 
ences add yet another dimension. Although the mode 
of action of radiant energy on target cells is still imper- 
fectly understood, the weight of evidence implicates the 
production of damage to DNA. The effects of UV light 
on DNA differ somewhat from that of ionizing radiations, 
requiring separate consideration of these two forms of 
radiant energy. 


Ultraviolet Rays 


There is ample evidence from epidemiologic studies 
that UV rays derived from the sun induce an increased 
incidence of squamous cell carcinoma, basal cell carci- 
noma, and melanocarcinoma of the skin.'2° The degree 
of risk depends on the intensity of exposure and the 
quantity of light-absorbing “protective mantle’ of mel- 
anin in the skin. Thus, persons of European origin who 
have fair skin that repeatedly gets sunburned but stal- 
wartly refuses to tan, and who live in locales receiving 
a great deal of sunlight (e.g., Queensland, Australia, 
closest to the equator), have the highest incidence of 
melanocarcinoma.'®! UV rays have a number of effects 
on cells including inhibition of cell division, inactivation 
of enzymes, induction of mutations, and, in sufficient 
dosage, killing of cells. These biologic effects are dis- 
cussed in greater detail in the general consideration of 
radiant energy (p. 464). Although other mechanisms 
such as chain breakage, formation of abnormal cross- 
links, and base destruction are not precluded, the 
carcinogenicity of UV light is attributed to its formation 
of pyrimidine dimers in DNA. When unrepaired, these 
dimers lead to larger transcriptional errors and, in some 
instances, cancer. Recent studies in mice suggest that 
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more is involved than UV-induced mutations alone. !” 
The UV light simultaneously activates T-suppressor cells 
and so inhibits cell-mediated immunity, which permits 
the emergence of highly antigenic skin tumors.'* 
Whether these findings apply to humans is still under 
study, but in any eveut the UV-induced mutations 
apparently serve as the initiating mechanism and the 
immune changes as either potentiators or promoters. 

Supportive evidence for the mutagenic effects of 
UV radiant energy comes from a small group of auto- 
somal recessive hereditary diseases, all characterized by 
some anomaly in DNA metabolism, particularly repair 
mechanisms. Several methods of DNA repair have been 
identified: (1) in situ restoration of the damage by 
enzymatic mechanisms; (2) reversal of UV-induced di- 
mers by visible light, or its spontaneous “decay” to 
some innocuous form; (3) removal and replacement (‘cut 
and patch’) of the abnormal DNA segment; and (4) the 
development of alternative pathways despite persistence 
of the DNA lesion. In mammalian cells, removal and 
replacement appears to be most important. Essentially, 
a defect in a single strand is excised by endonucleases 
and replaced using the intact strand of DNA as a 
template. 

Much of our present awareness of the probable role 
of mutations in the induction of cancer comes from 
investigations of the increased vulnerability of individ- 
uals with xeroderma pigmentosum (XP) to cancer.'™ 
Those with this condition can be divided into several 
distinct groups, each having some defect in excision- 
repair of DNA, the major subset lacking endonucleases 
for excision of the dimer.'* With such impairments 
these individuals have a markedly increased predispo- 
sition to skin cancers, predominantly in the sun-exposed 
areas of the body. In vitro skin fibroblasts from these 
patients are also abnormally sensitive to UV light as 
well as to some chemical carcinogens. However, it is of 
interest that there is no increased incidence of the 
common forms of lethal cancer, e.g., carcinomas of the 
lung, breast, and colon in XP.!% Possibly, different 
tissues have differing mechanisms of DNA repair, or 
there are other pathways to cancer than damage to 
DNA. Three other hereditary “chromosome instability 
syndromes —ataxia telangiectasia, Fanconis anemia, 
and Bloom’s syndrome—are also characterized by pre- 
disposition to cancer.!’ In ataxia telangiectasia there is 
a predisposition to leukemia, thought to relate to the 
lack of a full complement of endonucleases and thus an 
inability to excise and repair gamma ray-induced DNA 
damage. However, other factors such as an immune . 
deficiency, characteristic of this condition, may also be 
involved. The molecular defect in DNA repair in Fan- 
conis anemia and Bloom’s syndrome has not been 
clearly defined, but there are observations suggesting 
defects in DNA repair and/or DNA replication. !?* '7° 
Individuals with Bloom’s syndrome have a markedly 
increased incidence of all forms of cancer, including the 
most common types. These syndromes offer strong 
evidence that defective DNA metabolism and, more 
specifically, repair mechanisms predispose to cancer, 
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and therefore that alterations in DNA represent at least 
one pathway to neoplastic transformation. 


NEOPLASIA 


lonizing Radiation 


Electromagnetic (x-rays, gamma rays) or particulate 
(alpha particles, beta particles, protons, neutrons) radia- 
tions are all carcinogenic. Therapeutic irradiation has 
unmistakably been responsible for an increased inci- 
dence of cancer.'*° At one time, radiation treatments 
were used for many benign conditions, such as ankylos- 
ing spondylitis (a form of arthritis of the spine). Follow- 
up of these patients has revealed a 10- to 12-fold increase 
in incidence of leukemia, which peaked three to five 
years after the therapeutic irradiation. All types of 
leukemia were seen, except for chronic lymphocytic 
leukemia. Slightly more than a twofold increased inci- 
dence of other forms of cancer occurred somewhat later, 
peaking at about 10 to 14 years.'*’ Similarly, female 
patients who had received radiotherapy to the pelvic 
region for benign and malignant disorders experienced 
a three- to fourfold increased incidence of leukemia. !” 
Both thyroid cancer patients treated with '*'I and poly- 
cythemia vera patients who received *P later suffered 
from an excess of leukemia. Head and neck irradiation, 
particularly in infants and children, is followed—some- 
times as much as 35 years later—by thyroid cancers in 
9% of those exposed.!* Even diagnostic irradiation has 
been implicated; x-ray examination of pregnant women 
has been substantiated as a cause of an increased fre- 
quency of leukemia in the exposed children. 

Occupational exposure to irradiation has long been 
a well-known source of cancer in humans.. Early ra- 
diologists, unaware of the danger, often exposed their 
hands to test the effectiveness of their machines, and 
thereby incurred skin cancers. They also suffered a large 
excess of leukemia deaths as compared with other 
physicians. Happily, more scrupulous avoidance of ex- 
posure has eradicated this occupational hazard. Approx- 
imately 10% of watch-dial painters, who pointed their 
fine brushes with their lips and thus absorbed consid- 
erable amounts of ?°Ra, later developed bone sarcomas 
and antral carcinomas.'** A major form of occupational 
exposure is the mining of ores containing radioactive 
elements. As high as a tenfold increased frequency of 
lung cancers has been observed among these miners 
both in central Europe and in the Rocky Mountain 
regions of the United States. 

Were all this evidence not enough, further docu- 
mentation of the carcinogenicity of radiation comes from 
the long-term follow-up of approximately 100,000 atomic 
bomb blast survivors and controls in Hiroshima and 
Nagasaki. At Hiroshima, the radiation consisted princi- 
pally of a mixture of gamma rays and neutrons, and in 
Nagasaki, predominantly gamma rays. In individuals 
most heavily exposed at Hiroshima, the annual leukemia 
incidence rate reached the astounding level of approxi- 
mately 140 per 100,000 about six years after exposure. 
All types of leukemia increased, except chronic lympho- 
cytic leukemia. It is significant that even 20 to 25 years 


after the exposure, the leukemia risk was still higher for 
the heavily exposed than for the controls. An excess 
mortality from thyroid, breast, and pulmonary carci- 
noma has also become apparent in the survivors about 
20 years following the exposure. 

To conclude this doleful litany, mention should be 
made of the residents of the Marshall Islands who were 
exposed on one occasion to accidental fallout from a 
hydrogen bomb test that contained thyroid-seeking ra- 
dioactive iodines. As many as 90% of the children under 
the age of 10 years on Rongelap Island developed 
thyroid nodules within 15 years, and it is significant that 
about 5% of these nodules proved to be thyroid carci- 
nomas.!*° It is evident that radiant energy—whether 
absorbed in the pleasant form of sunlight, through the 
best intentions of a physician, or by the tragic victim of 
an atomic bomb blast—has awesome carcinogenic po- 
tential. °° 


Mechanisms of Radiation Carcinogenesis 


Although radiant energy is clearly oncogenic, the 
precise event responsible for neoplastic transformation 
is obscure. Radiant energy damages DNA, alters pro- 
teins, and inactivates enzymes, perhaps by disruption 
of specific cysteine residues and hydrogen bonds. It also 
injures membranes. How it exerts all these effects is 
still debated (see the general discussion of radiant 
energy on p. 464). Two theories dominate current 
thinking: (1) the radiation directly ionizes critical cellular 
macromolecules; or (2) according to the “indirect the- 
ory, it first interacts with water or molecular oxygen to 
produce free radicals that mediate the damage. Through 
either pathway the DNA sustains injury, thus in effect 
inducing a somatic mutation. Other theories of the 
carcinogenicity of ionizing radiation persist. One holds 
that latent oncogenic viruses are activated; this is most 
convincing with relation to certain forms of murine 
neoplasia. Another proposal is that radiation-induced 
neoplastic transformation is the result of cell-killing 
followed by regenerative replication. Possibly the com- 
bination of radiation-induced DNA errors and height- 
ened cell replication might lead to cancer formation. 
However, in the last analysis the carcinogenicity of 
ionizing radiation appears to correlate best with its 
mutagenicity. In turn, the mutagenicity depends on a 
number of factors including (1) radiation quality, (2) 
dose, (3) dose rate, (4) DNA repair, and (5) host factors. 
On a dose-for-dose basis, particulate radiations having 
high LET (linear energy transfer) values (p. 465), such 
as neutrons and alpha particles, are more dangerous 
than low LET radiations, such as x-ray and gamma rays. 

Ill-defined host factors also play a role. Clearly, 
fetuses, infants, and children are more vulnerable than 
adults. Thyroid cancer following radiation to the head 
and neck in adults is rare compared with its frequency 
in persons irradiated in childhood. Immune compe- 
tence, hormonal influences, and cell type influence the 
carcinogenicity of radiation. Indeed, in humans there is 
a hierarchy of vulnerability of radiation-induced cancers. 


Most frequent are the leukemias, save for chronic 
lymphocytic leukemia, which, for unknown reasons, 
almost never follows radiation injury. Cancer of the 
thyroid follows closely but only in the young. In the 
intermediate category are cancers of the breast, lungs, 
and salivary glands. In contrast, skin, bone, the gastroin- 
testinal tract, and other organs and tissues (including 
lymphoid tissue) are relatively resistant to radiation- 
induced neoplasia, even though the gastrointestinal 
mucosal cells are vulnerable to the cell-killing effects of 
radiation and the skin is in the pathway of all external 
radiation. Nonetheless, the physician dare not forget— 
any cell can be transformed into a cancer cell by 
sufficient exposure to radiant energy. 


ONCOGENIC VIRUSES 


Oncogenic viruses can induce cancers in a wide 
range of species from amphibia to man’s closest relatives, 
the primates, so it seems illogical to believe that humans 
alone in the animal kingdom are immune. However, 
decades of search have yielded no conclusive evidence 
of the viral causation of any type of human cancer; only 
the unglamorous benign wart and some closely related 
lesions have been documented to be viral induced. 
Nonetheless, there is much smoke, as will become 
evident, and one day the fire may be discovered. 

A large number of RNA- and DNA-containing 
viruses are oncogenic to certain cells in vitro and to 
particular species in vivo. The RNA oncogenic viruses 
are better known as oncornaviruses (oncogenic-RNA 
virus) or retroviruses, since they all code for a reverse 
transcriptase critical to their transforming function. The 
major implicated agents are presented in Table 6-5. 
Taken as a whole, they make up a diverse collection 
with no evident correlations between vulnerable host 
or type of tumor, and taxonomic status or size (com- 
plexity) of agent. Nononcogenic viruses are infectious 
agents; however, oncogenic viruses, with rare excep- 
tions (e.g., the lymphomasarcoma/leukemia retrovirus 
in cats), do not spread horizontally. In addition, the 
DNA papilloma viruses causing warts and related lesions 
in humans may spread by contact with infected animals 
or contaminated environment. The reasons for the non- 
contagiousness in general of oncogenic viruses vary 
somewhat with the particular agent, and will emerge in 
later discussions. A brief overview of the clinically 
important categories of oncogenic viruses follows. 


RNA Oncogenic Viruses 


RNA tumor viruses (retroviruses) can induce lym- 
phomas, leukemias, sarcomas, and mammary carcino- 
mas in a wide variety of animals—chickens, rodents, 
cats, cattle, and primates—and are the apparent cause 
of many naturally occurring leukemias and lymphomas 
in several animal species. The viruses have in common 
the following features: (1) They have a single-stranded 
RNA genome enclosed within a virus-specified glyco- 
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protein envelope. Specific cell surface receptors for the 
viral glycoproteins account for the particular cytotropism 
of the various agents. (2) Some are competent viruses 
(possess all the genes necessary for viral replication), 
and are able to replicate within permissive cells and 
simultaneously transform them. In this circumstance, 
virions can be visualized in the transformed cells. Others 
are defective viruses but can be “rescued” by co- 
cultivation with helper viruses. In nonpermissive cells, 
transformation may occur but the virus cannot replicate. 
(3) The viral nucleoid is centrally placed in most retro- 
viruses—so-called “type C” viruses. The MMTV (mouse 
mammary tumor virus) has an eccentric core and is a 
type B virus. (4) All have a reverse transcriptase coded 
by the viral genome, which mediates the synthesis of a 
complementary copy of DNA, using the viral RNA as a 
template. The DNA may then be integrated into the 
genome of the host cell as a “provirus.” (5) They either 
carry a specific transforming gene (oncogene) or become 
associated with an indigenous cellular “protooncogene”™ 
critical to their transforming capacity. 

The methods of transmission of retroviruses in their 
natural hosts vary with the particular agent. For exam- 
ple, with the avian leukosis virus causing leukemia in 
chickens, the provirus is integrated into the genome of 
the host’s cells and so is transmitted as a congenital 
infection through the ovum. In contrast, the feline 
leukemia virus is infectious because it is transmitted 
horizontally in the saliva of affected cats. Other RNA 
viruses are transmitted congenitally (perhaps transpla- 
cental). The MMTV follows yet another route, being 
transmitted through the milk of infected animals. Bittner 
showed that newborn mice of high-incidence strains 
developed few mammary tumors if nursed by low- 
incidence foster mothers.’ Contrarily, mammary car- 
cinomas developed regularly in low-incidence nurslings 
if they were suckled by high-incidence foster mothers. 
Thus, the vectors of spread of the retroviruses are totally 
dissimilar to those of nontumor viruses. 

Recently, exciting new findings have raised the 
possibility that a retrovirus may be implicated in the 
causation of a form of human neoplasia. A unique type- 
C retrovirus designated HTLV has been associated with 
an uncommon form of human T-cell lymphoma/leuke- 
mia.'** The same or virtually identical viral agents have 
been implicated in endemic pockets of this disease in 
southwestern Japan and in West Indian blacks, suggest- 
ing horizontal transmission of the agent. However, the 
disease may also occur sporadically and is now being 
described around the world.** 1 Only a sample of the 
rapidly accumulating circumstantial evidence incrimi- 
nating this particular agent will be offered. HTLV, like 
all retroviruses, codes for a reverse transcriptase. In 
animals, T-cell leukemias of retroviral origin are well 
documented. Nucleic acid hybridization reveals nucleo- 
tide sequences in leukemic cells of humans homologous 
to HTLV. Cultured neoplastic T cells from leukemic 
patients release type-C virus (HTLV). The virus will 
induce continuous proliferation in vitro of normal cord- 
blood T cells, strongly reminiscent of neoplastic trans- 
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Some Oncogenic RNA-Containing Viruses (Retrovirus Family) 
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Genus Virus 
Type B 
oncovirus Mammary tumor virus 
Type C 
oncovirus Rous sarcoma virus 


Fujinami virus 
Lymphoid leukosis viruses 


Myeloblastosis viruses 
Myelocytomatosis viruses (MC29, CMIl) 


MH2 


OK10 
Erythroblastosis viruses 
Gross leukemia viruses 


Graffi leukemia virus 
Rauscher 
Kirsten 

Friend 

Moloney leukemia virus 
Abelson leukemia virus 
Harvey 


Kirsten 
Moloney sarcoma virus 
Myeloproliferative virus 

FBJ sarcoma virus 

Feline leukemia virus 

Feline sarcoma virus 

Bovine lymphosarcoma virus 
Simian sarcoma virus 
Gibbon ape leukemia viruses 


erythroleukemia viruses 


\ sarcoma viruses 


Host of Origin Oncogenic Potential 

Mouse Mammary adenocarcinoma 

Fowl Fibrosarcoma, spindle cell sarcoma 

Fowl Myxosarcoma 

Fowl Lymphoid leukemia, 
erythroblastosis, osteopetrosis, 
nephroblastoma, sarcoma(?) 

Fowl Myeloblastosis, erythroblastosis(7?) 

Fowl Myelocytomas, liver and kidney 
carcinomas 

Fowl Endotheliomas, liver and kidney 
carcinomas 

Fowl Endotheliomas and/or carcinomas 

Fowl Erythroblastosis, sarcomas 

Mouse Thymic lymphosarcomas, lymphoid 
and myeloid leukemias 

Mouse Myeloid leukemia 

Mouse Erythroblastosis, polycythemia, 
lymphoid leukemia 

Mouse Lymphoid leukemia (T cells) 

Mouse pre—B-cell lymphosarcoma 

Mouse/Rat Pleomorphic sarcomas 

Mouse Rhabdomyosarcoma 

Mouse Erythroleukemia, myeloid leukemia 

Mouse Osteosarcoma 

Cat Lymphosarcoma 

Cat Fibrosarcoma 

Cattle Lymphosarcoma, leukemia 

Woolly monkey Fibrosarcoma 

Gibbons Myeloid (granulocytic) leukemia, 
lymphosarcoma 


formation. The pursuit of further evidence substantiat- 
ing the retroviral origin of this clinical disease is now in 
full cry. As pointed out on page 209, the HTLV is also 
under study as a possible cause of the various forms of 
neoplasia seen in patients with the acquired immune 
deficiency syndrome (AIDS). 


DNA Oncogenic Viruses 


Four families of DNA viruses are capable of causing 
tumors in animals, one of which is also strongly impli- 
cated in human cancers. In addition, the hepatitis B 
virus, for which there is no known counterpart in other 
species, is strongly linked to hepatocellular carcinoma 
in humans. 

The papovavirus family contains three members: 
(1) papilloma virus, (2) polyoma virus, and (3) vacuolat- 
ing virus (the original name for SV-40). Many types of 
papilloma virus have now been identified; they cause 
papillomas in rabbits (Shope papilloma) that often prog- 
ress to cancers, and these agents also cause warts, 
condyloma acuminatum, and laryngeal papilloma (all 
benign lesions) in humans.'*! It is of significance that on 
occasion the condyloma acuminatum gives rise to a 
squamous cell carcinoma, and in the rare clinical disease 
epidermodysplasia verruciformis (caused by several sub- 


types of papilloma virus) the warts often progress to 
squamous cell carcinomas when one particular subtype 
is involved. The papilloma viruses may be spread hori- 
zontally by infected animals or contaminated environ- 
ment. There is some evidence that viral-induced warts 
may also be spread from human to human, but the 
contagiousness, at best, is very low. Recently the ques- 
tion has been raised as to whether certain papilloma 
viruses are involved in the production of cervical cancer 
in humans (p. 1124). Polyoma virus is so named because 
it produces a variety of neoplasms in several species of 
animals, but it has not been implicated in any form of 
human tumor. The SV-40 virus, whose natural hosts are 
a variety of monkeys, is of interest because it was found 
to be present in the monkey cells used in the large- 
scale production of poliomyelitis vaccine. Thus, thou- 
sands of individuals inadvertently received the agent 
and, while it is capable of transforming human cells in 
culture, there is no substantial evidence of tumorige- 
nesis in immunized individuals. '*? Recently, two viruses 
designated BK and JC, both closely related to SV-40, 
have been isolated from humans, and transform animal 
cells in culture and induce neoplasms in newborn ham- 
sters.'** There is no evidence that either agent is carcin- 
ogenic in humans, but the JC virus is strongly implicated 
in the causation of the neurologic disorder progressive 
multifocal leukoencephalopathy (p. 1386). 
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Table 6—5 (cont'd) 


Some Oncogenic DNA-Containing Viruses 


Family 
Papovavirus 


Virus 
Papilloma virus 


SV40 


Polyoma 


Adenovirus Various strains of human, simian, bovine, and 
avian origin 

Herpesvirus Frog herpesvirus 

Marek’s disease 


Guinea pig herpesvirus 
Herpesvirus ateles 
Herpesvirus saimiri 
Herpes simplex 1 
Herpes simplex 2 
Epstein-Barr virus 


Hepatitis 
virus 
Poxvirus 


Hepatitis B 


Shope fibroma 
Yaba virus 


Molluscum contagiosum 


Host of Origin Oncogenic Potential 

Various Papillomas, may progress to 
mammals, carcinoma 
including man 

Rhesus, Fibrosarcomas, ependymomas (in 
cynomolgus, hamsters) 
and 
cercopithecus 
monkeys 

Mouse Adenomas, adenocarcinomas, 


hemangiomas, fibromas, 
fibrosarcomas 
Sarcomas (in hamsters) 


Leopard frog Adenomas, adenocarcinomas, 


osteochondroma(?) 

Fowl Neurolymphomatosis; not strictly 
neoplastic 

Guinea pig Lymphocytic leukemia 

Spider monkey Lymphoma, lymphoblastic leukemia 

Squirrel monkey Lymphoma, lymphoblastic leukemia 

Man Squamous cell carcinoma (?7) 

Man Cervical carcinoma (7?) 

Man Burkitt's lymphoma, nasopharyngeal 
carcinoma 

Man Hepatocarcinoma (7) 

Rabbit Fibroma 


Rhesus monkey Fibroma-like nodular hyperplasia; 
not neoplastic 
Nodular epidermal hyperplasia; hot 


neoplastic 


Man 


The evidence that these viruses are causally associated with the tumors listed is, in most cases, strong if not definite. However, (?) 
indicates reasonable doubt and (77) considerable doubt that the virus plays an etiologic role in tumor production. 
From Wyke, J. A.: Oncogenic viruses. J Pathol. 135:39, 1981. Reproduced with permission. 


Adenoviruses are common causes of minor respi- 
ratory tract and conjunctival infections in humans. Three 
human adenoviruses—types 12, 18, and 3l—are 
strongly oncogenic in newborn hamsters and transform 
rodent cells in culture, but they have no similar effect 
in humans or their cells. 

The herpesviruses are responsible for a variety of 
forms of cancer and proliferative diseases in several 
vertebrate animal species. There is also much evidence, 
all circumstantial, implicating these agents in the cause 
of certain forms of cancer in humans. The findings fall 
short of fulfilling Koch’s postulates but they point 
strongly to a role for the Epstein-Barr virus (EBV) in 
the causation of African Burkitt’s lymphoma, and some- 
what less strongly to a similar role with undifferentiated 
nasopharyngeal carcinoma. !#° Both these neoplasms 
are reviewed in detail on pages 662 and 764, respec- 
tively. Burkitt's lymphoma is a neoplasm of B lympho- 
cytes that is the commonest childhood tumor in Central 
Africa and New Guinea, where EBV is endemic. A 
morphologically identical lymphoma also occurs sporad- 
ically throughout the world, but there is little evidence 
that EBV plays any role in its induction. As you may 
know, EBV is known to be the cause of infectious 
mononucleosis. What, then, underlies the change in its 
behavior leading to the induction of African Burkitt's 


lymphoma? Additional influences appear to be in- 
volved.!* In normal individuals, effective humoral and 
cell-mediated immune responses control the viral inva- 
sion, accounting for the self-limited nature of infectious 
mononucleosis. In Africa, on the other hand, concomi- 
tant malaria or some other disorder impairs the immune 
competence of individuals, and thus EBV is able to 
replicate freely within B cells and so activate them into 
clonal expansion and proliferation, favoring the appear- 
ance of mutational errors. Particularly critical appear to 
be translocations from chromosome 8 mainly to 14 and, 
less often, to 2 or 22. Preliminary observations suggest 
that the breakpoint in chromosome 8.is close to a 
possible “oncogene.” Transposition of this gene into the 
immediate vicinity of an immunoglobulin gene on chro- 
mosomes 14, 2, or 22, already actively functioning 
because of the viral infection, might favor enhanced 
expression of the oncogene. ‘* In this connection, similar 
translocations are encountered in sporadic cases of non- 
African Burkitt's lymphoma not associated with the 
EBV, and so other exogenous stimuli may assume the 
role of the EBV. It thus appears that under appropriate 
circumstances, particularly immunologic incompetence, 
EBV may initiate oncogenesis. 

There is substantial evidence supporting the role 
of immunoincompetence in viral tumorigenesis, some 
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presented later (p. 259). AIDS, mentioned earlier in 
connection with the HTLV (p. 209), provides an exam- 
ple. Infections, presumably opportunistic (only arising 
in predisposed persons), are extremely frequent in these 
individuals, such as with Pneumocystis carinii and, of 
particular interest to our discussion, also with EBV and 
cytomegalovirus (CMV). Many other opportunists also 
find “snug harbors” in these immunocompromised in- 
dividuals, as pointed out on page 208.'*** The strikingly 
high attack rate of malignant neoplasia is relevant in 
these circumstances, taking the forms of either Kaposi's 
sarcoma or Burkitt’s lymphoma. '** °° Traces of the CMV 
have been identified in the sarcoma cells, and of EBV 
in the lymphoma cells.'"' Enough has been said to 
justify present concern about the potential oncogenicity 
of the herpesviruses. 

There is substantial but not totally convincing evi- 
dence associating another member of the herpes group 
with human cancer. Seroepidemiologic data link herpes 
simplex type 2 (HSV-2) to carcinoma of: the cervix. 
Moreover, viral DNA has been identified in tumor 
cells.'°? More is detailed about the HSV-2 and cervical 
carcinoma on page 1124, but for now we can leave it 
that the possibility that the viral infection is merely 
coincidental has not been ruled out. 

The poxviruses, to date, have not been associated 
with human neoplasms. 


Mechanisms of Action of Viruses 


Great strides have been made in dissecting the 
molecular mechanisms involved in experimental, viral- 
induced malignant transformation. Only an overview 
can be offered here, but excellent reports are avail- 
able.’** 8 Since the RNA and DNA viruses act in 
different manners they require separate consideration. 

Concepts about the mechanism(s) of action of the 
oncogenic RNA retroviruses are not only changing rap- 
idly, but are exploding. Much that might be said, then, 
will undoubtedly require modification in the near fu- 
ture, and it seems best to limit remarks to “the state of 
the art.” Oncogenic retroviruses achieve a stable asso- 
ciation with the host cell by integration of the provirus 
into the genome of infected cells. However, cell repli- 
cation only leads to viral replication when the DNA 
provirus contains a linear sequence of three genes 
necessary for viral replication. One gene (called “gag’) 
codes for a polyprotein that can be cleaved into four 
virion core proteins. Next to it is a gene (‘pol’) coding 
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for the reverse transcriptase. The third gene (‘env ) 
specifies the envelope glycoproteins. At both the 3’ and 
5’ ends of this proviral gene sequence there are nucleo- 
tide segments, referred to as long terminal repeat (LTR) 
units (Fig. 6-20). The LTR unit appears to be a control- 
promoter sequence that probably has importance in 
regulating replication of the contiguous proviral gen- 
ome. Loss of one of the three genes yields a defective, 
incompetent virus incapable of replication, which can, 
however, be rescued by coinfection with nondefective 
helper viruses. It is significant that retroviruses appear 
to be capable of integration into multiple sites within 
the host DNA, which may have relevance in their 
oncogenicity, as will be seen. Nonetheless, the tumors 
they evoke are monoclonal and so the cells of the tumor 
all have identical sites of integration, a point of some 
importance in proposed mechanisms of action of certain 
retroviruses. 

In addition to their basic replicative structure, 
retroviruses can be divided into two categories: those 
that also contain the genetic information for transforming 
cells—a so-called “oncogene, and those without trans- 
forming oncogenes. How the retroviruses without trans- 
forming genes cause tumors will be discussed presently. 
There is now substantial evidence that retroviruses 
having onc genes acquired them through genetic recom- 
binations very likely with cellular genes.'* Genetic loci 
homologous to viral onc genes have been detected in 
the normal genome of virtually all vertebrates examined 
from chickens to humans.’® It thus appears that (1) 
retroviruses having oncogenes are likely to have ac- 
quired them as captives during infections of evolution- 
ary antecedents, and (2) normal cells in both animals 
and humans possess apparent protooncogenes— the 
enemy within.” What “turns on’ these genes is not clear 
but, as indicated below, it may depend on genetic or 
epigenetic control mechanisms or some mutation in the 
protooncogene itself. 

In the context of present proposals about the deri- 
vation of viral onc genes from cellular onc genes, a 
construct can be offered as to how retroviruses not 
possessing their own transforming onc genes act. Since 
proviral integration occurs at multiple sites, chance 
insertion of a provirus with its promoter LTR next to a 
cellular onc gene would result in tumorigenesis. In fact, 
the complete viral sequence is not needed; defective (or 
incomplete) viruses are no less able to transform cells 
than replicative viruses. Indeed, it has been shown that 
integration of the LTR unit alone may suffice, suggesting 
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once again that tumor formation hinges on regulation or 
mutation of cellular-potential onc genes.’ Could chem- 
ical- and radiation-induced mutations directly involve 
protooncogenes or affect control sequences adjacent to 
indigenous oncogenes? Dosage of the onc gene product 
might be critical to viral transformation’*’ but these 
speculations remain to be proved. 

Granting the presence of onc genes, whether viral 
or cellular in origin, how do they effect cell transfor- 
mation? One potential pathway has been identified with 
some of the retroviruses—namely, the synthesis of 
oncogene-coded transforming protein. Best defined is a 
phosphoprotein produced by the avian sarcoma virus 
oncogene having a molecular weight of 21,000, called 
p21. It is a protein kinase catalyzing the preferential 
phosphorylation of acceptor proteins and, in particular, 
of tyrosine.*’ Phosphorylation is known to regulate 
enzyme activity. Moreover, the protein kinase has been 
shown to be largely associated with the membranes of 
tumor cells, and so presumably may alter membrane 
function and the social behavior of transformed cells.'* 
A further point of interest: some transforming proteins 
are structurally related to growth factors, such as plate- 
let-derived growth factor, known to be mitogenic to 
normal cells. Transforming proteins have also been 
associated with several other retroviruses, but not all, 
and so it may not be the only pathway of tumorigenesis 
with these agents. It is evident that, despite significant 
gaps in our knowledge, deep penetrations have been 
made into the oncogenicity of retroviruses, and it is 
further evident that a fundamental feature is their 
interaction with cellular genes indigenous to the host 
cells. 

The mechanism(s) of action of the DNA oncogenic 
viruses appears to differ from that of the RNA viruses. 
With the former, virus cannot be isolated from trans- 
formed cells since transformation is incompatible with 
replication of the virus. Infectious virus can, however, 
be rescued with SV-40 and some of the other DNA 
agents by co-cultivation with permissive cells. However, 
polyoma- and adenovirus-induced neoplasms are com- 
pletely virus-free. This observation gave rise to the “hit- 
and-run” concept, implying that a virus might be able 
to induce heritable uncontrolled proliferation and then 
be eliminated. However, tumor cells transformed by all 
DNA oncogenic viruses are, in fact, synthesizing virus- 
coded proteins termed T antigens.’*° Further analysis 
reveals that the polyoma and SV-40 viruses in fact induce 
three T antigens referred to as large-T, middle-T, and 
small-T.'© With SV-40, large-T is found in the nucleus 
complexed to a protein of 53,000 daltons (53K) of cellular 
origin. The complex is bound to the integrated viral 
DNA, suggesting that it is intimately involved in both 
viral replication and neoplastic transformation. An ap- 
parently identical 53K transforming protein has also 
been identified in a variety of neoplastic cells trans- 
formed by other DNA viruses. Significantly, a similar 
transforming protein has been identified in cells trans- 
formed by EBV, chemical carcinogens, and spontaneous 
teratocarcinomas, raising the possibility that it is a 
fundamental mediator of transformation.'*: ' How- 


247 


Carcinogenic Agents and Their Cellular Interactions 


ever, with some oncogenic DNA viruses, e.g., polyoma 
virus, large-T is not necessary, nor sufficient for trans- 
formation; there are, however, small amounts of 53K 
protein but it is not bound to polyoma T antigen. 
Instead, with this virus, middle-T complexes to the cell 
membrane and is associated with kinase activity,’® 
producing some similarity to certain of the retroviruses. 

It is apparent that there are differences in mode of 
action among the DNA viruses and between the DNA 
and RNA agents, but a few similarities as well. Like the 
retroviruses, only small pieces of the oncogenic DNA 
viral genome are required for transformation of cells in 
vivo or in vitro.!@ The critical segment appears to be 
located in the “early” region (where transcription begins) 
of the viral genome. Whether this segment of the viral 
DNA contains an oncogene or a control region analogous 
to that in retrovirus is not clear. There is no evidence 
as yet that the viral DNA must integrate in a particular 
chromosome or at a specific site.’ Neither is there any 
evidence that transforming DNA segments or genes are 
derived from normal host genes, as is the case with the 
retroviruses. All that can be said is that integration of 
complete oncogenic DNA viral genomes into permissive 
host cells provides a mechanism for viral survival and 
replication. In contrast, tumorigenesis is the conse- 
quence of integration of noninfectious incomplete gen- 
omes or fragments into nonpermissive cells that, in 
some way, perturbs the homeostasis of the cells and 
leads to the formation of transforming proteins. So we 
must conclude that with all oncogenic viruses, despite 
penetrations into their mechanisms of action, complete 
understanding still eludes us. 


OTHER CARCINOGENS 


In addition to the three well-defined categories of 
agents, many other carcinogenic influences have been 
identified both in experimental systems and in hu- 
mans.!® First, the major implicated agents will be cited 
briefly followed by some speculations about their mech- 
anisms of action. Asbestos fibers are widely recognized 
carcinogens (p. 439), which readily induce mesothelial 
tumors in rats and mice following intrapleural or intra- 
peritoneal injection. This agent also causes a markedly 
increased incidence of bronchogenic carcinomas and 
mesotheliomas (both pleural and peritoneal) as well as 
gastrointestinal cancers in chronically. exposed humans. 
Although chemical interactions cannot: be ruled out, it 
is currently believed that asbestos. serves. largely as a 
promoter.!4 In the induction of bronchogenic carci- 
noma, the asbestos fibers may also serve as “carriers 
of other carcinogens such as cigarette smoke residues. 
Other types of inhaled fibers, including glass, wool, and 
cotton, have been associated with cancers of the lungs, 
pleura, mouth, nose, and air sinuses in humans, but 
only very rarely. Macromolecules such as saturated iron 
oxide have been implicated, as well as implanted sheets 
of plastics and metal. Parenthetically, there is no sub- 
stantial evidence to date that the use of synthetic 
prostheses such as heart valves or vascular grafts has 
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led to tumors. The scattered reports of cancer induction 
associated with prostheses are anecdotal and difficult to 
interpret. Particularly important in endemic regions is 
the significantly increased frequency of bladder cancer 
with Schistosoma haematobium infections of the urinary 
bladder. In Egypt, where Schistosoma is endemic, 
carcinoma of the bladder is the most common type of 
cancer in males. Clonorchis sinensis infection of the 
biliary tract represents a well-defined predisposition to 
cancer at its sites of localization. Many reports call 
attention to the association of cancers with chronic 
inflammation and scarring—‘“scar cancers,” although 
this is a somewhat controversial issue. For example, 
cancers have appeared within scarred areas caused by 
nondegradable foreign bodies. More relevant is the 
increased incidence of lung carcinomas attributed to the 
chronic scarring induced by a variety of infections, 
particularly chronic tuberculosis.'® Analogously, ill-fit- 
ting dentures and chronic irritation resulting from jag- 
ged fragments of teeth have induced an increased inci- 
dence of carcinoma in the chronically injured mucosa of 
the oral cavity. There is no clear understanding of the 
carcinogenicity of these diverse influences, and one 
must assume that widely differing mechanisms are in- 
volved. 

In concluding this presentation of oncogenic agents, 
several points should be noted. Although a large number 
of chemical agents (Table 6-6) have almost certainly 
caused cancer in humans, many others cannot at this 
time be exonerated freely; indeed, some are strongly 
suspected, such as oncogenic viruses, artificial sweet- 
eners, and nitroso compounds. Neither can any agent 
be dismissed on grounds of level of exposure; many 
agents, even at low levels of exposure, could act in 
concert or sequentially to “do their dirty deed.” Thus, 
the notion of “tolerable levels of exposure” is fraught 
with risk. And finally, the great diversity of the onco- 
genic influences invites the speculation that all must 
ultimately exert their effects by common intracellular 
pathways. 


PATHOGENESIS OF CANCER 


Although the precise molecular events responsible 
for oncogenesis in humans is still unknown, evidence is 
beginning to converge about fundamental features of 
the process. Many observations suggest that malignant 
transformation is the result either of abnormal expres- 
sion of genes normally present in the genome of the host 
cell or of some modification of an endogenous gene or 
genes. In either event, gene products such as transform- 
ing proteins are produced that alter cell differentiation, 
replicative activity, and social behavior. Still unresolved 
is the issue of whether somatic mutations or epigenetic 
mechanisms permit expression of the modified gene 
function or, as seems most likely, genetic changes 
interact with epigenetic phenomena. 

Only some of the observations relating indigenous 
genes to oncogenesis will be reiterated. You recall that 


Table 6-6. CHEMICALS STRONGLY IMPLICATED AS 
CARCINOGENS IN HUMANS* 


industrial 


2-Naphthylamine 
Benzidine 
4-Aminobipheny| 
Bis(chloromethyl) ether 
Bis(2-chloroethyl) sulfide 
(mustard gas) 
Vinyl chloride 
Tars, soots, and oils 
Chromium compounds 
Nickel compounds 
Asbestos 


Benzene 


Medical 


Inorganic arsenic 
Alkylating agents (melphalan, 
cyclophosphamide, 


Site of Tumor Formation 
Urinary bladder 
Urinary bladder 
Urinary bladder 
Respiratory tract 
Respiratory tract 


Liver 

Skin, lungs 

Lungs 

Lungs, nasal sinuses 

Pleura, peritoneum, 
respiratory and Gl tracts 

Bone marrow 


Skin 
Acute nonlymphocytic 
leukemia, bladder 


chlorambucil, (cyclophosphamide), 
dihydroxybusulfan, and other sites 
others) 

Methoxypsoralen Skin cancer 


Phenacetin-containing drugs 
Diethylstilbestrol 


Renal pelvis, ?bladder 

Vagina (prenatal exposure) 

Endometrium (postnatal 
exposure) 

Androgenic anabolic steroids Liver 
Cultural : 
Cigarette smoke Lungs, urinary tract, 

esophagus, others 
Chewing tobacco and betel Buccal mucosa 
nuts 


Aflatoxins Liver 


*A conservative list for which there is substantial documentation. 
Many other chemicals are suspect. Modified from Miller, E. C., and 
Miller, J. A.: Mechanisms of chemical carcinogenesis. Cancer 
47:1055, 1981; and Hoover, R., and Fraumeni, J. F.: Drug-induced 
cancer. Cancer 47:1071, 1981. 


retroviral onc genes are homologous to sequences in the 
normal DNA of host cells, and so are thought to 
constitute “captured” host genes. In addition, with the 
retroviruses not possessing transforming genes, only a 
very small fragment of the viral genome (about 7%) is 
necessary for neoplastic transformation.’ This non- 
protein-coding fragment is thought to represent the 
terminal control unit associated with the viral genome. 
It exerts its effect, then, by altering the expression of 
indigenous genes, particularly protooncogenes identi- 
fied in the cells of all vertebrates, including humans. 
Another piece of evidence is the transformation of cells 
by transfection with small fragments of DNA (about the 
size of a gene) derived from normal cells.’”! 1 Whether 
the transforming fragment is a protooncogene or a 
regulatory gene is irrelevant— ‘indigenous’ genes from 
normal cells transformed other cells. The work of Mintz 
and Fleischman provides further support to the tumor- 
igenicity of the “normal” genome,'” demonstrating that 
it is possible to produce teratocarcinomas by merely 
implanting normal germ cells or early embryonic cells 
of mice into ectopic sites in adult syngeneic recipients. 
Moreover, under particular in vitro conditions, terato- 
carcinoma cells were induced to differentiate into ap- 


parently normal specialized cells, indicating retention 
of normal genetic programs of the cancerous cells.'”4 
Even more impressive, the microinjection of teratocar- 
cinoma cells into embryos at the blastocyst stage led to 
the development of a normal mosaic mouse whose 
tissues were derived from both the tumor cells and the 
normal recipient embryo.'” In this remarkable experi- 
ment, the tumor genome retained the capacity to pro- 
gram differentiation into the various specialized cells of 
a multicellular organism. Thus, normal cells can be 
transformed into cancer cells, at least into teratocarci- 
noma cells, by only an abnormal environment, and 
abnormal cancer cells can be made to revert to normal 
programs. The mechanism for the induction of the 
teratocarcinoma was inherent in the “normal” genome. 
It is possible, therefore, that abnormal expression of 
indigenous onc genes, whether related to altered genetic 
or to epigenetic controls, may underlie tumor formation 
in humans. By dosage effect, sufficient amounts of 
transforming proteins could be produced to convert 
normal cells to cancer cells. 

Recent findings, however, suggest an alternative 
“pathway” to the production of, human oncogenes, 
namely the subtlest of alterations in an indigenous gene 
converting it into a transforming gene. A small segment 
of DNA containing about 6600 nucleotide base pairs has 
been isolated from two human bladder carcinomas that 
transforms normal fibroblasts in vitro, and that is iden- 
tical to a normal homologous human gene save for 
swapping (transversion) of a base pair from guanosine- 
cytosine to adenine-thymine at a specific position in the 
gene.'® !77 The oncogene has been sequenced and has 
remarkable homology to an RNA tumor virus oncogene. 
Further, it codes for a 21,000-dalton transforming phos- 
phoprotein differing from the protein product of the 
protooncogene only in the 12th amino acid where a 
glycine is replaced by a valine. An almost identical 
mutated protooncogene has been isolated from many 
other solid tissue cancers of humans also encoding a 
p21,000 protein. In one instance the cellular oncogene 
has been shown to have considerable homology with 
the gene coding for platelet-derived growth factor, and 
the transforming protein to have a close structural 
relationship to the growth factor. The circle grows ever 
tighter! ‘he question must then be raised: “Does on- 
cogenesis in humans begin when such a point-mutation 
arises because of some carcinogenic influence or, in- 
stead,, may protooncogenes be lurking within, which 
remain latent, only to surface in tumorigenesis when 
other conditions, genetic or epigenetic, favor their 
expression? 

That protooncogenes are hidden in the normal 
genome of vertebrates is entirely compatible with our 
present concepts of ontogeny. All cell types in a multi- 
cellular organism have identical genetic information. 
Differentiation results from the selective and temporally 
sequenced activation and suppression of genes according 
to the Jacob-Monod operon model. Recall the synthesis 
of hemoglobin F in the fetus that is permanently “turned 
off’ early in life Model systems document the suppres- 


249 


sibility of the neoplastic genotype. With temperature- 
sensitive mutants of the Rous sarcoma virus, for exam- 
ple, a few degrees difference in the temperature of the 
culture determines whether the normal or the tumor 
phenotype will be expressed.’” At the nonpermissive 
temperature the cells harbor the provirus but are not 
transformed, presumably because transcriptase or trans- 
lation of the onc gene is blocked. Cell hybrids (described 
on p. 120) provide another model of suppression of the 
transforming genotype.’ When a malignant cell line 
capable of inducing tumors in appropriate hosts is 
hybridized with a nonmalignant cell line, malignancy is 
suppressed in the hybrids. These hybrids on replication 
tend to lose chromosomes, with resumption of the 
malignant phenotype. In this system, “malignancy” be- 
haves as a genetic recessive or is dependent on gene 
dosage effect. 

Many hypothetical mechanisms involving genetic 
or epigenetic pathways have been proposed for inappro- 
priate activation or suppression of genes in the “normal” 
genome. Most invoke some genetic rearrangement such 
as trisomy, transpositions, and translocations (karyotyp- 
ically visible transpositions), any one of which might 
alter control segments and/or have dosage effects.'*’ An 
example of gene dosage is the trisomy, usually of 
chromosome 15, seen in some B-cell lymphomas and 
leukemias.'*° The fact that trisomy 15 is a primary event 
and not an epiphenomenon is supported by its being 
present in leukemias induced by oncogenic viruses, 
radiation, and various chemical carcinogens as well as 
in spontaneously arising murine leukemias.'*" '** Trans- 
positions are now thought to commonly occur “sponta- 
neously’ in normal organisms and produce phenotypic 
modifications that can be tested for survival advantage 
in the evolutionary process. Programmed transpositions 
may be involved in normal cell differentiation. They are 
made possible by the presence of certain short se- 
quences in the DNA (‘transposons’) that constitute 
substrates for various recombinational enzymes (“trans- 
posases’).!?° Such shuffling of genes profoundly alters 
the expression of entire segments of the genetic code. 
The Philadelphia chromosome of chronic myelogenous 
leukemia is a form of transposition. In ataxia telangiec- 
tasia a translocation affecting chromosome 14 is often 
present, as it is in the lymphoid cells of the leukemia 
that tends to arise in these individuals. Burkitt’s lym- 
phoma and some other lymphoproliferative disorders 
are characterized by an 8:14 translocation (p. 669).'* '*4 
Significantly, in a number of instances the breakpoints 
in the two chromosomes involved in the translocation 
occurred at loci of a putative “oncogene’ in one and at 
an immunoglobulin gene in the other. At completion of 
the translocation, the oncogene was positioned imme- 
diately adjacent to the immunoglobulin gene. Activation 
of the immunoglobulin gene by some antigenic chal- 
lenge may then lead to active expression of the onco- 
gene. It suffices that there are many examples in humans 
and animals in which gene dosage and shuffling of the 
normal genome (as with a translocation) apparently have 
led to the malignant phenotype, lending some credibil- 
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ity to the concept that neoplastic transformation could 
be the consequence of mutation of a protooncogene into 
an oncogene or altered expression of genes indigenous 
in the host. Indeed, it may well be that two or more 
mutations are necessary, one conferring enhanced rep- 
licative capability, and another affecting control regions 
and permitting escape from normal regulatory signals. 

Despite all the evidence pointing to genetic mech- 
anisms in the induction of cancer, abnormal gene 
expression could be caused by epigenetic mechanisms, 
i.e., cytoplasmic regulatory products affecting transcrip- 
tion or translation.'® According to this view, neoplasia 
emerges as a result of some derangement of cellular 
differentiation and maturation imposed by abnormali- 
ties in epigenetic regulatory mechanisms. Fetal charac- 
teristics are retained in tumor cells, e.g., the elaboration 
of “fetal antigens,” the reversion to fetal isoenzyme 
profiles, and the capacity for sustained replication. Fail- 
ure of differentiation and maturation confers longer cell 
survival, and so tumor growth may be related to accu- 
mulation of cells, as noted earlier (p. 221). Protoonco- 
genes in vertebrate cells have been so highly conserved 
in phylogeny that they must be important, perhaps in 
regulation of growth and differentiation. Some epige- 
netic alteration in their expression might then underlie 
cancer. The possibility that epigenetic mechanisms may 
account for heritable cellular changes is no more sur- 
prising than the fact that liver cells produce liver cells 
and endometrial cells produce endometrial cells, all 
derived from a single ovum. Many other findings sup- 
port the epigenetic model of carcinogenesis. All carcin- 
ogens are not mutagens.’® Reversion of malignant cells 
to noncancer cells has been observed in both clinical 
and experimental settings. Mention has already been 
made of the highly malignant neuroblastoma that some- 
times matures and differentiates into a benign gangli- 
oneuroma.'®’ Neuroblastoma cells in culture can be 
induced chemically to revert to stable, nondividing, 
apparently normal nerve cells.'®° Perhaps most convinc- 
ing was the development of a normal mosaic mouse 
when teratocarcinoma cells were introduced into a 
mouse blastocyst; the genome in the tumor cells was 
evidently intact. It is not profitable to pursue further 
this now historic controversy over the “genetic (somatic 
mutation) versus “epigenetic initiation of cancer since 
at present the final answer is not known. It is not 
necessary that one or the other pathway be correct. It 
seems reasonable from present observations that an 
oncogene may become expressed because of mutagenic 
events alone or because of a mutagenic event coupled 
with epigenetic alterations. 

Finally, it should be pointed out that host factors 
may well play a role in the emergence of cancers. The 
mere presence of a potentially transforming mutation 
does not necessitate its expression. In addition to the 
intracellular or local controls already discussed, systemic 
controls may exist such as the immune system. Many 
clinical observations, some cited earlier with respect to 
the acquired immune deficiency syndrome (p. 208), 
indicate that individuals suffering from an immunodefi- 


ciency are at greater risk of developing a cancer.'*? You 
recall that individuals who develop ultraviolet-induced 
skin cancers often have skin anergy. The cancer-prone 
chromosomal breakage syndrome ataxia telangiectasia is 
characterized by a selective deficiency of serum IgA and 
other deficits in cellular immunity. An X-linked immu- 
nodeficient syndrome was described in 1981 in which 
individuals infected with EBV are prone to develop 
malignant lymphoproliferative disorders.‘ Other ex- 
amples might be cited, but it is sufficient that there are 
many suggestions of host-controlling influences. Re- 
grettably, it is all too plain from the prevalence of cancer 
that they are less than perfect. 


EPILOGUE 


In concluding this consideration of neoplasia (and 
the reader may well say—and not a moment too soon!), 
it is evident that the ultimate changes that confer the 
malignant phenotype remain a mystery. Whatever these 
changes may be, the suspicion grows ever stronger that 
some alteration in the DNA code (a mutation) underlies 
them. Not clear as yet is whether acquisition of such a 
mutation spells the onset of a cancer. Perhaps some 
secondary event, genetic or epigenetic, must follow to 
permit enhanced expression of the acquired oncogene. 
It now appears that protooncogenes lurk within many 
or all of us awaiting (as we all do) the opportunity for 
self-expression. The accumulating data also make evi- 
dent that the line separating “cancer” from “the normal” 
is exquisitely fine, contributing no doubt to the difficulty 
in defining it. But subtle as it may be, it cannot for long 
remain hidden with the monumental search now being 
devoted to its discovery. 
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The ultimate importance of neoplasms is their effect 
on their hosts. This chapter is concerned with certain 
general clinical aspects of neoplasia in humans and some 
of the specific neoplasms that arise in supporting tissues 
(e.g., connective tissue, fat, and muscle) common to all 
organs. The three general areas of clinical importance 
are (1) the interactions between tumor and host, (2) the 
factors involved in predisposition to neoplasia, and (3) 
the diagnosis of neoplasia in the clinical and laboratory 
setting. 


TUMOR-HOST INTERACTIONS 


Neoplasms are essentially parasites. Some cause 
only trivial mischief but others are catastrophic. Tumor- 
host interactions are, however, a two-way street, and 
the host impinges on the tumor as well. First we shall 
consider the effects of the tumor on the host, and then 
the converse. 


EFFECTS OF TUMOR ON HOST 


All neoplasms, even those that are benign, may 
induce morbidity and mortality. Obviously, cancers are 
far more threatening but benign tumors are not neces- 
sarily trivial. Save for the in situ stage of cancers, all 
neoplasms, benign as well as malignant, constitute 
masses, and every abnormal mass requires investigation 
to determine its nature. This issue comes into sharpest 
focus with masses in the female breast. Carcinoma of 
the breast is the most frequent form of cancer in females, 
but even more common are a variety of non-neoplastic 
lesions, collectively referred to as fibrocystic disease, 
that often present as a mass or more often as multiple, 
even bilateral, masses. Although clinical examination 
(palpation, mammography, aspiration of a cyst) permits 
an educated guess as to the nature of the disease, and 
although cancer is usually a single mass, only morpho- 
logic examination of a biopsy or of the excised lesion 
reliably differentiates the benign from the cancer. In- 
numerable other difficult differentials could be cited, 
e.g., polypoid lesions of the colon and papillary lesions 
of the bladder, but it is sufficient to note that any growth 
may be a cancer until proved otherwise. Clinical expe- 
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rience teaches that some lesions are less worrisome than 
others. Soft, discrete, subcutaneous lipomas and small, 
discrete, hemangiomas of the skin, for example, are 
commonplace and almost never transform to cancers; 
they do not signal immediate surgery. Leiomyomas of 
the uterus are the most common form of benign neo- 
plasia in females, typically presenting as spherical 
masses readily palpable on pelvic examination that en- 
large very slowly over the span of many years, and 
sometimes plateau in growth after achieving a certain 
size. In contrast, the leiomyosarcoma is rare and gen- 
erally increases in size within a relatively short period 
of observation (months). On these grounds, static or 
virtually static uterine masses are sometimes managed 
by “watchful waiting” if they cause no other clinical 
problems such as pelvic discomfort or vaginal bleeding. 
However, leiomyosarcomas make up about 3% of uter- 
ine cancers (dominated by cervical and endometrial 
carcinomas), and many leiomyosarcomas arise in leio- 
myomas. The patient is not a statistic; the most benign 
neoplasm, wherever it occurs, is the excised one. 
LOCAL AND HORMONAL EFFECTS. Neoplasms, both 
benign and malignant, may have adverse effects on the 
host because they (1) obstruct or destroy critical struc- 
tures by virtue of their location, (2) have functional 
activity such as hormone production, (3) cause bleeding, 
(4) ulcerate through natural surfaces leading to secon- 
dary infections, and (5) become infarcted. Any one of 
these consequences may prove fatal even when induced 
by benign tumors. Understandably, the potential for 
such adverse effects is much greater with malignant 
neoplasms, and indeed may be caused by any one or 
more of their metastases. In addition, cancers often 
induce cachexia and sometimes so-called “paraneoplastic 
syndromes,” both discussed later. An example of disease 
related to critical location is the pituitary adenoma. 
Although this is benign and possibly not productive of 
hormone, its expansile growth can destroy the remaining 
pituitary and thus lead to serious endocrinopathy. Anal- 
ogously, cancers arising within or metastatic to an 
endocrine gland may cause an endocrine insufficiency 
by destroying the gland. Neoplasms in the gut, both 
benign and malignant, may cause obstruction as they 
enlarge. Infrequently, the peristaltic pull telescopes the 
neoplasm and its affected segment into the downstream 
segment, producing an obstructing intussusception (p. 


852). Neoplasms arising in endocrine glands may pro- 
duce manifestations by elaboration of hormones. Such 
functional activity is more typical of benign tumors than 
cancers, which may be sufficiently undifferentiated to 
have lost such capability. A benign beta-cell adenoma 
of the pancreatic islets less than 1 cm in diameter may 
produce sufficient insulin to cause fatal hypoglycemia. 
In addition, nonendocrine tumors may elaborate hor- 
mones or hormone-like products. The erosive destruc- 
tive growth of cancers and the expansile pressure of a 
benign tumor on any natural surface, such as the skin 
or mucosa of the gut, may cause ulcerations, secondary 
infections, and bleeding. Indeed, melena (blood in the 
stool) and hematuria, for example, are characteristic of 
neoplasms of the gut and urinary tract, respectively. 
Neoplasms may cause disease in unusual ways. A mobile 
organ bearing a large tumor may, in some unknown 
manner, undergo torsion, thereby cutting off the venous 
drainage and sometimes also the arterial supply (Fig. 
7-1). This complication most often occurs with benign 
ovarian neoplasms that become infarcted, and so cause 
acute lower abdominal pain and sometimes bleeding 
into the peritoneal cavity. Neoplasms, benign as well as 
malignant, may then cause problems in varied ways, 
but all are far less common than the cachexia of malig- 
nancy. 

CACHEXIA. Cachexia refers to the constellation of 
progressive weakness, malaise, loss of appetite, and 
wasting, which is so very common in the terminal stages 
of cancer. Usually, but not always, there is a direct 
correlation between the size and extent of spread of the 
malignant tumor and the severity of the cachexia, and 
so it becomes more profound as the disease advances. 
On occasion, however, it becomes manifest with re- 
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markably small primary lesions. Commonplace as it is, 
cachexia is still poorly understood.! It probably is not 
caused by the nutritional demands of the tumor. Cancers 
never grow as rapidly as the fetus, yet many a postpartal 
mother when getting on the scale laments that she did 
not suffer just a little bit of “cachexia.” One theory 
proposes that cancers release peptides or other factors 
into the serum that derange the nutritional homeostasis 
of the host,” but if such products are present they have 
not been well documented. A peripheral resistance to 
insulin not related to a reduction in membrane receptors 
has also been described.* Thus, the cachexia of cancer 
is likened to the catabolic state of uncontrolled diabetes 
mellitus. Alternatively, it may well be secondary to a 
decrease in nutritional intake related to anxiety, grief, 
and depression only too natural in the mortally ill 
patient. In some instances it could be related to the 
anatomic location of the neoplasm and its metastases, 
or to the systemic and gastrointestinal effects of antican- 
cer therapy.* In addition, infections are common in 
persons with advanced cancer because of impaired im- 
mune responses, which may contribute to the general 
catabolic state. Thus, it is likely that cancerous cachexia, 
although poorly understood, has many origins, one or 
more of which may be dominant in the individual 
patient. 

PARANEOPLASTIC SYNDROMES. Symptom com- 
plexes in cancer-bearing patients that cannot readily be 
explained, either by the local or distant spread of the 
tumor or by the elaboration of hormones indigenous to 
the tissue from which the tumor arose, are known as 
paraneoplastic syndromes.*® These occur in about 15% 
of patients with advanced malignant disease. However, 
paraneoplastic syndromes occasionally appear as the first 


Figure 7-1. Torsion of a large, benign ovarian tumor (right) that has induced hemorrhagic infarction 
of the neoplasm. Compare the size of this tumor with the normal uterus and essentially normal 
hemisected ovary on the left. (Courtesy of Dr. Robert L. Ehrmann, Brigham and Women's Hospital.) 
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manifestation of an occult, extremely small neoplasm.*® 


A classification of paraneoplastic syndromes and their 
presumed origins is presented in Table 7-1. A few 
comments on some of the more common and interesting 
syndromes follow. 

The endocrinopathies are frequently encountered 
paraneoplastic syndromes. Since the native cells giving 
rise to the cancer are not of endocrine origin, the 
functional activity is referred to as ectopic hormone 
production. In some instances the elaboration of the 
hormone or hormone-like substance is attributed to 
derepression of hidden genetic programs, as, for exam- 
ple, the formation of insulin by fibrosarcomas (usually 
retroperitoneal) or erythropoietin by renal cell carcino- 


mas. In many instances the neoplasms giving rise to the 
paraneoplastic endocrinopathies take their origin from 
specialized neurosecretory cells widely distributed in 
the tissues and organs of the body during embryogen- 
esis. These cells have the capacity for amine precursor 
uptake and decarboxylation, and so are called APUD 
cells. They are thus able to synthesize a variety of amine 
and polypeptide hormones, discussed in some detail on 
page 842. Morphologic and histochemical studies indi- 
cate that oat cell carcinomas of the lung, bronchial 
adenomas, undifferentiated carcinomas of the gastroin- 
testinal tract and pancreas, thyroid medullary carcino- 
mas, pancreatic islet tumors, and carcinoids of the 
gastrointestinal] tract are derived fram APUD cells, and 


Table 7-1. PARANEOPLASTIC SYNDROMES 


Major Forms of 


Clinical Syndrome Underlying Cancer Causal Mechanism 


Endocrinopathies 
Cushing’s 
syndrome 


Bronchogenic 
carcinoma 
Malignant thymoma 
Pancreatic 
carcinoma 
Bronchogenic 
carcinoma 
Intracranial 
neoplasms 
Bronchogenic oat 
cell carcinoma 
Bronchogenic 
squamous 
carcinoma 
Renal carcinoma 
Endometrial 
carcinoma 
Others 
Blood dyscrasias 
Bronchogenic 
carcinoma 
Prostatic carcinoma 
Fibrosarcoma 
Other mesenchymal 
sarcomas 
Hepatocellular 
carcinoma 
Argentaffinomas 
Bronchial adenoma 
(carcinoid) 
Pancreatic 
carcinoma 
Gastric carcinoma 
Renal carcinoma 
Cerebellar 
hemangioma 
Hepatocellular 
carcinoma 


Adrenocorticotropin or 
ACTH-like substance 


Hyponatremia Antidiuretic hormone or 


ADH-like substance 


Parathormone or PTH- 
like substance, 
prostaglandins 


Hypercalcemia 


Hyperthyroidism Thyroid-stimulating 
hormone or TSH-like 


substance 


Insulin or insulin-like 
substance 


Hypoglycemia 


Carcinoid 
syndrome 


Serotonin, bradykinin, 
?histamine 
?prostaglandins 


Polycythemia Erythropoietin 


Nerve and Muscle 
Syndromes 
Myasthenia Bronchogenic 
carcinoma 

Breast carcinoma 

Ovarian 


carcinoma 


?ilmmunologic, ?toxic 


Disorders of 
central and 
peripheral 
nervous systems 


Major Forms of 


Clinical Syndrome Underlying Cancer Causal Mechanism 


Dermatologic 
Disorders 
Acanthosis Gastric ?ilmmunologic, ?toxic 
nigricans carcinoma 
Lung carcinoma 
Uterine 
carcinoma 
Dermatomyositis Bronchogenic, ?Immunologic, ?toxic 
breast 
carcinoma 


Osseous, Articular, 
and Soft Tissue 


Changes 
Hypertrophic Bronchogenic Unknown 
osteoarthropathy carcinoma 
and clubbing of 
fingers 
Vascular and 
Hematologic 
Changes 
Venous thrombosis Pancreatic ?Hypercoagulability 
(Trousseau’s carcinoma —procoagulant 
phenomenon) Bronchogenic factors 
carcinoma 
Other cancers 
Disseminated Advanced ?Hypercoagulability 
intravascular cancers 
coagulation 
Marantic Advanced ?Hypercoagulability 
endocarditis cancers 
(nonbacterial 
thrombotic 
vegetations) 
Anemia Thymic Unknown 
neoplasms 
Leukemoid Thymic Unknown 
reaction neoplasms 
Bronchogenic 
carcinoma 
Gastric 
carcinoma 
Renal Dysfunction 
Insufficiency Leukemia/ Various 
lymphoma 
Multiple myeloma 
Nephrotic Lung carcinoma ?Tumor antigens— 
syndrome Stomach immune 
carcinoma complexes 


Colon carcinoma 


so the neoplasms are APUDomas. Herein may lie the 
explanation for the elaboration of amine and polypeptide 
hormones or closely related substances by many of the 
tumors commonly associated with paraneoplastic syn- 
dromes.’ 

Hypercalcemia is probably the most common para- 
neoplastic syndrome, and conversely overtly sympto- 
matic hypercalcemia is most often related to some form 
of cancer rather than hyperparathyroidism. Two general 
processes are involved in cancer-associated hypercal- 
cemia: (1) osteolysis induced by cancer whether primary 
in bone, such as multiple myeloma, or metastatic to 
bone from: any primary; and (2) the production of a 
calcemic humoral substance by extraosseous neoplasms.°® 
The nature of the calcium-mobilizing tumor product is 
still uncertain. At one time it was thought to be usually 
parathyroid hormone or a functionally active fragment 
of the hormone.® However, measurable levels of these 
products in the serum are often lacking or extremely 
low in patients with cancer-related hypercalcemia. '° 
More recently prostaglandin E (PGE) has become the 
favored candidate.'! The commonest neoplasm associ- 
ated with hypercalcemia and PG synthesis is the squa- 
mous cell bronchogenic carcinoma, rather than undif- 
ferentiated (oat cell) cancers of the lung (more often 
associated with well-defined endocrinopathies). 

The neuromyopathic paraneoplastic syndromes 
take diverse forms, such as peripheral neuropathies, 
cortical cerebellar degeneration, a polymyopathy resem- 
bling to some extent polymyositis (p. 193), and a myas- 
thenic syndrome similar to myasthenia gravis (p. 1310). 
The etiology of these syndromes is poorly understood, 
and both immunologic reactions to necrotic tumor cells 
that cross-react with target tissues and toxic products 
released by the neoplasm have been vaguely proposed.” 

Acanthosis nigricans is characterized by gray-black 
patches of verrucous hyperkeratosis on the skin (p. 
1274). This disorder occurs very rarely as a genetically 
determined disease in juveniles or adults. In addition, 
particularly in those over the age of 35, the appearance 
of such lesions is associated in about 50% of cases with 
some form of cancer. Sometimes the skin changes appear 
before discovery of the cancer. It is important to re- 
member, however, that in the remaining nongenetic 
cases there is no underlying cancer, but some endocrin- 
opathy or in fact no associated disease. 

Clubbing of fingers and hypertrophic osteoarthrop- 
athy, described more fully on page 1333, are encoun- 
tered in 1 to 10% of patients with bronchogenic carci- 
nomas. Rarely, other forms of cancer are involved. 
Although the osteoarthropathy is seldom seen in non- 
cancer patients, clubbing of the fingertips may be en- 
countered in liver diseases, diffuse lung disease, con- 
genital cyanotic heart disease, ulcerative colitis, and 
other disorders. 

Several vascular and hematologic manifestations 
may appear in association with a variety of forms of 
cancer. As mentioned in the earlier discussion of throm- 
bosis (p. 98), migratory thrombophlebitis (Trousseau’s 
syndrome) may be encountered in association with deep- 
seated cancers, most often with carcinomas of the pan- 


257 


creas or lung. Disseminated intravascular coagulation 
(DIC) may complicate a diversity of clinical disorders, 
as pointed out on page 649. Among these is advanced 
cancer. In this setting, hypercoagulability is postulated, 
attributed to the synthesis and/or release of platelet- 
aggregating factors and procoagulants (p. 98) from the 
tumor or its necrotic products. Bland, small, nonbacte- 
rial fibrinous vegetations sometimes form on the cardiac 
valve leaflets (more often on left-sided valves than on 
right), particularly in patients with advanced cancer 
(Fig. 7-2). These lesions are called nonbacterial throm- 
botic endocarditis (NBTE) or marantic (derived from 
marasmus) endocarditis. As the term marantic endocar- 
ditis indicates, these valvular vegetations are most often 
associated with the terminal phase of wasting disease. 
However, NBTE sometimes occurs in nonwasted, oc- 
casionally young individuals who do not have cancer; 
this is discussed in more detail on page 584. Whatever 
the setting, the vegetations are potential sources of 
emboli that assume increased importance in the young 
nonterminal patient. 

Renal dysfunction is occasionally encountered in 
patients with advanced cancer. Often it takes the form 
of nonspecific renal insufficiency caused by direct infil- 
tration of the kidneys by such neoplasms as lymphoma 
and leukemia or by cancerous obstruction of the ureters, 
or it occurs as a secondary consequence of hypercal- 
cemia, DIC, or systemic amyloidosis. More intriguing 
is the appearance of the nephrotic syndrome in associ- 
ation with membranous glomerulopathy (p. 1012). Dis- 
tinctive in the glomerular membranous involvement is 
the deposition of immune complexes, and in the cancer 
setting the inciting antigens appear to be the fetal 
antigens and other tumor-associated antigens described 
in Chapter 6.'° The nephrotic syndrome has occurred 
with a wide variety of forms of cancer, but is particularly 
associated with those of the lung, stomach, and colon. 

The paraneoplastic syndromes sometimes provide 
important diagnostic clues to as yet undiscovered can- 
cers, and at other times cause serious, even lethal, 
disease. 
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Figure 7-2. A small, protruding marantic vegetation on the aortic 
valve. 
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Host influences impact on the tumor, but unfortu- 
nately are usually outweighed by the effects of the 
tumor on the host. It has been suggested that the 
nutrition of the host modifies tumor growth. Dietary 
restriction, at least in the animal, impedes tumor 
growth" and it has been speculated that the cachexia of 
malignancy represents a “last-ditch defense.” However, 
there is no evidence that tumors can be deprived of 
critical substrates by any diet that will not simultane- 
ously kill the host. On the contrary, there is some 
evidence, albeit still controversial, that a deficiency of 
vitamin A and its analogs (retinoids) may promote tumor 
formation in both animals and humans and conversely 
that the administration of retinoids may control some 
cancers (p. 405).’° Certain malignant neoplasms, notably 
some carcinomas of the female breast and the prostate, 
have steroid hormone dependence, and so can some- 
times be controlled for variable periods of time by 
measures that reduce or oppose the circulating levels of 
steroid hormones. Hence, tamoxifen, an antiestrogenic 
agent, is sometimes used in conjunction with surgery 
or radiation in the treatment of breast carcinoma, and 
estrogens in prostatic carcinoma to oppose endogenous 
androgens. Thus, neoplasms are not totally autonomous. 
Even more important, however, is the question whether 
the immune system of the host exerts a controlling or a 
protective influence. 

THE IMMUNE RESPONSE AND IMMUNOSURVEIL- 
LANCE. Consideration of the role of host immunity in 
the possible prevention or control of neoplasms requires 
an examination of some of the experimental data as well 
as the evidence in humans. Most, but not all, experi- 
mentally induced tumors express tumor-specific trans- 
plantation antigens (TSTAs), and all tumors have non- 
specific, tumor-associated antigens. These antigens 
evoke immune reactions effected largely by cell-me- 
diated immunity, but humoral mechanisms also partic- 
ipate. Immune reactions and their mediators in general 
are extensively discussed on page 158; it is necessary 
here only to briefly characterize the mediators of anti- 
tumor reactions. Four basic categories of effector cells 
participate in the cell-mediated reaction: (1) specifically 
sensitized cytolytic T (thymus-dependent) lymphocytes 
that recognize on contact membrane-associated tumor 
antigens; (2) killer (K) cells possessing F. receptors that 
recognize antibody-coated tumor cells and destroy them 
by antibody-dependent cellular cytotoxicity (ADCC); (3) 
macrophages specifically armed to destroy tumor cells 
by a lymphokine “macrophage arming factor” elaborated 
by sensitized T cells. In addition to this specific mac- 
rophage reactivity, nonspecific activation of macro- 
phages can be effected by a variety of immunostimulants 
including BCG (bacille Calmette Guérin), Corynebac- 
terium parvum, levamisole, and endotoxin; and (4) 
natural killer (NK) cells capable of destroying tumor 
cells without specific sensitization. 

In passing, it might be noted that interferons 
contribute to these cell-mediated reactions. Although 


the details are unclear, stimulation of ADCC and en- 
hanced macrophage and NK-cell activity are produced 
by interferon. Humoral antibodies also participate in 
the immune response to experimentally evoked neo- 
plasms. By activation of complement, they may lyse 
target tumor cells or, by coating target cells, potentiate 
ADCC. Thus, it is possible in tumor-bearing animals to 
document the development of antibodies and sensitized 
immunocompetent cells targeted on the tumor cells and 
their antigens. Indeed, an animal can be immunized 
against a tumor by passive transfer of sensitized cells 
from a tumor-bearing donor. However, Prehn pointed 
out that the immune response may not always be 
protective.’® Co-cultivation of tumor cells in vitro with 
a small number of specifically sensitized T cells increases 
the rate of growth of the tumor cells. A higher ratio of 
T cells to tumor cells exerts an inhibitory effect." 
Moreover, “blocking factors’ are sometimes produced 
in the immune response that prevent killing of tumor 
cells by sensitized T cells. These factors may be free 
tumor-associated antigens, antibodies, or antigen-anti- 
body complexes; most likely the last.!* Antibody pre- 
sumably masks tumor cell antigens. Antigen might 
occupy recognition sites on T cells while the immune 
complexes could function through either of these path- 
ways. To complicate matters further, “unblocking fac- 
tors’ have also been identified. In any event, it is clear 
that the mere appearance of an immune reaction cannot 
be equated with a beneficial effect on tumors. There is, 
therefore, a strong suspicion that NK cells and macro- 
phages, rather than specifically-sensitized T cells, are 
the most effective antitumor mediators. '* 7° 

In view of all the evidence from animals, it was 
natural to assume an immune response to cancers in 
humans and that possibly this response maintained 
“immunosurveillance”’ against the emergence of cancers, 
at least reducing their number. As long ago as the turn 
of the twentieth century, Ehrlich, with amazing fore- 
sight, first suggested the existence of “positive mecha- 
nisms against the innumerable “aberrant cells” that 
must appear throughout the life of an individual. Dec- 
ades later, this concept was formalized and translated 
into immunologic terms by Thomas and Burnet.?! * It 
has been argued that the occurrence of cancers in 
humans does not invalidate immunosurveillance, since 
there are many mechanisms by which they might es- 
cape, as follows.'® 

Sneaking through. Spontaneous cancers in humans 
either may lack sufficiently strong neoantigens to evoke 
an immune response, or may induce low-zone tolerance 
(p. 179). Alternatively, the weak immunologic challenge 
may be inadequate to control the emerging tumor, so 
that later the mass becomes too large for immunologic 
destruction. 

Antigen modulation. Cancer cells continually shed 
surface-associated antigens, or they may permit stearic 
shifts in antigens, modifying their recognition by im- 
mune effectors. In addition, with tumor progression, 
new clones and new antigens appear. 

Immunosuppression. Cancer-bearing hosts often 


demonstrate increased numbers or increased function 
of suppressor T cells, and “immunoregulatory globulins” 
have also been described that suppress cell-mediated 
responses. It is well documented that patients with 
advanced cancer are usually immunocompromised. 

Serum blocking factors. As mentioned earlier, 
these serum factors may inhibit cell-mediated reactions. 

Tumor enhancement. At the outset, the low ratio 
of sensitized immunocompetent cells to tumor cells may 
stimulate rather than control tumor growth. 

Genetic inability to respond. Individuals who de- 
velop a tumor may lack particular immune-response 
genes to the tumor antigens, or the antigens may be 
sufficiently similar to normal histocompatibility antigens 
to escape recognition as “nonself.” 

It is necessary to emphasize at this point that, 
although most cancers in humans do not have tumor- 
specific antigens comparable with the TSTAs of experi- 
mentally-induced cancers, they nonetheless apparently 
express a variety of tumor-associated antigens (p. 233). 
Sometimes there is a prominent lymphocyte-macro- 
phage infiltration within and about the neoplasm, par- 
ticularly with seminomas and Hodgkin's disease, taken 
to imply a defensive immune response (Fig. 7-3). Tu- 
mor-associated antigens can be demonstrated by im- 
munofluorescent and immunoperoxidase techniques. 
These antigens are referred to as “tumor markers’ of 
aid in the histologic diagnosis of neoplasms. Further, 
the antigens provide an opportunity to localize the 
cancer and its possible metastases by the intravenous 
administration of appropriate exogenous radiolabeled 
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Figure 7-3. A seminoma of the testis with cords of anaplastic tumor 
cells (below) and an abundant infiltrate of lymphocytes, most evident 
at above right. 
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antibodies. Moreover, identification in the blood of 
tumor-associated antigens such as “fetal antigens” and 
many others is widely used clinically to detect the 
possible presence of a neoplasm and its posttherapy 
recurrence. Thus, there is evidence of tumor-associated 
antigens that may evoke immune responses. Correla- 
tions have been drawn between the level of these 
responses, the presence or absence of “blocking factors, ” 
and the clinical course of the lesion, particularly with 
melanocarcinomas, Burkitt’s lymphoma, leukemia, and 
osteogenic sarcoma.”* ** However, more rigorous study 
of this issue casts doubts on the beneficial effects of 
immune responses because the important role of NK 
cells was not taken into account in most studies claiming 
favorable effects. It is highly significant that, at the 
present time, no well-documented, clear-cut benefits 
have been achieved with any form of immunotherapy 
for the many types of cancer investigated, with the 
possible exception of osteogenic sarcoma.” 

Just as the effectiveness of the indigenous immune 
response in controlling overt cancers in humans, and 
immunotherapy, have not to the present time proved 
very effective, so the concept of immunologic surveil- 
lance has been challenged. First, let us consider some 
of the observations that support it. It is argued that, 
despite the widespread prevalence in vertebrate species 
of protooncogenes, as noted in Chapter 6, their failure 
to evoke tumors may, at least in part, be a testament to 
effective immunosurveillance.*© Such spontaneous neo- 
plasms as do appear in animals and humans either lack 
tumor neoantigens or are very weakly immunogenic.”’ 
The strongest argument in favor of immunosurveillance 
is the increased frequency of cancers in immunosup- 
pressed hosts.” Experimental induction of neoplasms 
with oncogenic viruses is clearly enhanced by previous 
immunosuppression, but the enhancement is less defin- 
itive with chemical carcinogens. In humans, about 5% 
of individuals with a congenital immunodeficiency de- 
velop cancers, 200 times the expected rate. Analogously, 
5 to 7% of transplant recipients maintained on immu- 
nosuppressive therapy for long periods develop neo- 
plasms.” However, it should be noted that most of 
these so-called cancers are lymphomas, often immuno- 
blastic sarcomas (p. 664), although in addition there is 
a slightly increased incidence of carcinomas of the skin 
and lip and in situ carcinoma of the cervix. 

Nevertheless, some have questioned the pertinence 
of these findings to the validation of immunologic sur- 
veillance.* It is noted that among immunologic cripples 
there is no excess risk of the commonest cancers in 
humans, i.e., bronchogenic carcinoma in males and 
breast carcinoma in females. The fact that most of the 
so-called neoplasms are lymphomas and immunoblastic 
sarcomas raises the issue of whether these lesions are 
truly neoplastic. Could they represent abnormal im- 
munoproliferative responses to microbial infections, re- 
flect deficiencies in normal immunologic regulatory con- 
trols, or, conceivably, be reactions triggered by the 
grafts and the many therapeutic agents used in trans- 
plant patients? *2 Moreover, it is pointed out that 
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“nude” mice lacking both hair and a thymus gland, and 
thus suffering from grossly impaired cell-mediated im- 
munity, have no increased incidence of spontaneous 
tumors, nor are they more susceptible to the carcino- 
genic effects of oncogenic chemicals and viruses.* It 
should be pointed out, however, that these animals 
have a markedly shortened life span with a consequently 
reduced risk; further, they possess very effective non— 
T cell-mediated surveillance mechanisms such as an 
abundance of NK cells.** Other contrary evidence might 
be cited, but it suffices that at present the existence of 
immunologic surveillance in humans has not been clearly 
established. 

Despite the generally negative evidence about the 
effectiveness of immune responses, the potential role of 
NK cells should not be overlooked.* The various func- 
tions of these cells are discussed on page 160, but it is 
relevant here to note that they exert nonspecific cyto- 
toxicity for malignant cells, are capable of producing 
interferon, and in turn are stimulated to increased 
functional activity by interferon. Increased resistance to 
tumor growth has been observed in animals with high 
NK activity and can be transferred by infusions of NK 
cell—enriched populations. Unfortunately, patients with 
advanced cancers have been shown to have deficient 
immune competence, NK activity, and interferon pro- 
duction; although these changes may have antedated 
and predisposed to the cancers, the best evidence 
indicates that they are tumor induced.*” * In an effort 
to stimulate both specific and nonspecific reactivity 
against tumors, interferon is being employed in cancer 
patients.*® It is too soon to draw any conclusions about 
the effectiveness of this form of therapy, save that results 
to date (admittedly from studies of patients with ad- 
vanced neoplasms) offer no evidence that it is superior 
to any of the more established modalities of treatment.” 
Its effectiveness in early cancer is still under investiga- 
tion. Thus, while the many attempts to exploit the 
immune response and NK-cell and macrophage activity 
in the treatment of cancers have not yet achieved the 
hoped-for results, refinements in methods such as an- 
tigen enhancement, more potent monoclonal antibodies, 
and linkage of antitumor toxic agents to antibodies may 
one day bear fruit. 


PREDISPOSITION TO CANCER 


Everyone would like to know that there is very 
little likelihood that he or she will ever develop a cancer. 
It is unfortunate that such reassurance cannot be offered, 
because for better or for worse it is impossible to predict 
who is destined to develop a malignant neoplasm. 
Nonetheless, a number of factors relating to both patient 
and environment have been identified that influence 
the individual's predisposition. 


GEOGRAPHIC AND RACIAL FACTORS 


In some measure, an individual’s likelihood of 
developing a cancer is expressed by national incidence 
and mortality rates. For example, it is sobering to realize 
that residents of the United States have about a one in 
five chance of dying of cancer. There were, it is esti- 
mated, about 450,000 deaths from cancer in 1984 rep- 
resenting 23% of all mortality and 870,000 new cases of 
life-threatening cancer diagnoses.*! These data do not 
include an additional 400,000 for the most part readily 
curable, nonmelanoma cancers of the skin and 40,000 
to 50,000 cases of carcinoma in situ, largely of the 
uterine cervix. The major organ sites affected and their 
overall frequency are cited in Table 7-2. The rank order 
of these forms of malignant neoplasia has not materially 
changed over the past few decades save for a progressive 
decline in death rates from carcinoma of the stomach in 
both males and females. Lung cancer has led the grim 
parade in males since the mid-1950s, as has carcinoma 
of the breast in females. However, the death rates for 
many forms of cancer have significantly changed over 
the past years (Table 7—3).*!* Many of the temporal 
comparisons are noteworthy. In males the overall cancer 
death rate has significantly increased, whereas in fe- 
males it has fallen slightly. The increase in males can 
be laid largely at the doorstep of lung cancer. The 
improvement in females is mainly attributable to a 
significant decline in death rates from cancers of the 
uterus, stomach, and liver, notably carcinoma of the 
cervix, one of the most frequent forms of malignant 
neoplasia in females. Striking is the alarming increase 


Table 7-2. ESTIMATED CANCER INCIDENCE FOR 1983 BY SITE AND SEX 


Male (422,500) 
No. cases (%) 


Rank Site 

1 Lung 94,000 (22) 
2 Prostate 75,000 (18) 
3 Colorectum 61,000 (14) 
4 Bladder 28,000 (7) 
5 Hodgkin's 

disease and 

lymphomas 21,000 (5) 
6 Stomach 14,800 (4) 
7 Leukemia 13,200 (3) 
8 Pancreas 12,900 (3) 


Female (432,500) 


No. cases (%) 


Rank Site 

1 Breast (invasive) 114,000 (26) 
2 Colorectum 65,000 (15) 
3 Lung 41,000 (9) 
4 Endometrium 39,000 (9) 
5 Hodgkin's 

disease and 

lymphomas 19,300 (4) 
6 Cervix (invasive) 16,000 (4) 
7 Pancreas 12,100 (3) 
8 Leukemia 10,700 (2) 


Drawn from the American Cancer Society: Cancer Facts and Figures, 1983. 
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Table 7-3. 25-YEAR TRENDS IN AGE-ADJUSTED CANCER DEATH RATES PER 100,000 POPULATION 1951-53 TO 1976-78 


1951-53 
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Slight fluctuations; overall no change in both 
sexes. 


: 
: 
bs 
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ea Steady decrease in both sexes; reasons unknown. 


— 57 | Steady decrease. 


*Percent changes not listed because they are not meaningful. 


Some fluctuations; slight increase. 
Slight fluctuations; overall no change in females. 


Steady slight increase 
Slight fluctuations; overall no change. 


Some fluctuations. Steady decrease in both 
sexes. 


Steady increase, later leveling off. 


Steady increase in both sexes, then leveling off. 
Reasons unknown. 


Fluctuatiagns all through period; overall no change. 


Slight fluctuations; overall no change in both 
sexes. 


From American Cancer Society: Cancer Facts and Figures, 1983, p. 11. 


in deaths from carcinoma of the lung in both sexes. 
Although the percentage change is greater for females 
than males, this is merely the spurious consequence of 
the relative rarity of cancer of the lung in females years 
ago. The rising slope of the curve is about the same in 
both sexes, and neither current-day efforts to control 
smoking nor “low tar’ cigarettes have yet shown signs 
of reducing the awesome mortality rate. Although in 
females carcinomas of the breast are about three times 
more frequent than those of the lung, the striking 
difference in cure rates makes it highly likely that lung 
cancer will become the number one killer cancer if the 
increase in frequency does not slow or, better, fall. The 
decline in the number of deaths caused by uterine 
cancer probably relates largely to the earlier diagnosis 
and better cure rate made possible by the Papanicolaou 
smear. Much more mysterious is the downward trend 
in deaths from stomach and liver carcinomas. Could this 
be due to a decrease in some dietary carcinogens? 
Remarkable differences can be found in the inci- 
dence and death rates of specific forms of cancer around 
the world. For example, the death rate for stomach 
carcinoma in both males and females is seven times 
higher in Japan than in the United States. In contrast, 


the death rate from carcinoma of the lung is slightly 
more than twice as great in the United States as in 
Japan and, indeed, in Scotland is almost twice as high 
as in the United States. Skin cancer deaths, largely 
caused by melanocarcinomas, are six times more fre- 
quent in New Zealand than in Iceland, which is probably 
attributable to differences in sun exposure. While racial 
predispositions cannot be ruled out, it is generally 
believed that most of these geographic differences are 
the consequence of environmental influences. This is 
best brought out by comparing mortality rates for Jap- 
anese born in the United States of immigrant parents 
(Nisei) with those of long-term residents of both coun- 
tries. Table 7—4 indicates that Nisei have intermediate 
standardized mortality ratios, pointing strongly to en- 
vironmental rather than racial (genetic) predisposition. 
However, what are the environmental influences that 
account for a death rate from breast carcinoma in females 
of 33.8 in Denmark in 1976-77 and only 23.5 in Sweden? 
Equally enigmatic are the prostatic mortality rates of 
3.6 in Japan as compared with approximately 23 in both 
France and the United States. Many hypotheses have 
been offered. For example, with breast carcinoma, 
differences in number of pregnancies, age of the mother 
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Table 7-4. STANDARDIZED MORTALITY RATIOS FOR 
CANCER IN VARIOUS SITES 


Japanese Nisei U.S. White 
Stomach 100 38 17 
Intestines 100 290 490 
Pancreas 100 170 270 
Lung, bronchus 100 170 320 
Leukemia 100 150 270 


Adapted from Haenszel, W., and Kurihara, M.: Studies of Japanese 
migrants. |. Mortality from cancer and other diseases among Japa- 
nese in the United States. J. Natl. Cancer Inst. 40:43, 1968. 


at first birth, and breast-feeding practices may be in- 
volved since they tend .to reducé the uninterrupted 
cvclic estrogenic stimulation of the breast, particularly 
in the early decades. Analogously, coital frequency, 
number of sexual partners, history of venereal disease, 
dietary fat, and other environmental influences have 
been invoked for prostatic carcinoma.” These and other 
cultural and environmental hypotheses are more fully 
discussed in later chapters, but none offer entirely 
satisfactory explanations. Thus, it is impossible to rule 


out racial genetic predisposition. In this connection, the 
age-standardized mortality rate for prostate cancer in 
United States blacks is more than twice the rate of 
whites. But proof of genetic predisposition requires 
rigorous comparisons controlled for the infinite number 
of environmental and cultural variables found in free- 
living populations. Until such time as these are avail- 
able, which may be never, the remarkable geographic 
variations in frequency of specific forms of cancer war- 
rant a search for their possible exogenous origins. 


AGE AND CHILDHOOD CANCER 


Age is an important influence on the likelihood of 
being afflicted with cancer. As everyone knows, most 
carcinomas occur in the later years of life (55 years and 
over). Each age group has its own predilection to certain 
forms of cancer, as is evident in Table 7-5. Here the 
striking increase in mortality from cancer in the age 
group 55 to 74 years should be noted. The decline in 
deaths in the 75-years-and-over group merely reflects 
the dwindling population reaching this venerable age. 


Table 7-5. 


MORTALITY FOR THE FIVE LEADING CANCER SITES 
FOR MALES BY AGE GROUP, UNITED STATES-1978 


All Ages Under 15 15-34 

Lung Leukemia Leukemia 

71,006 550 827 

Colon & Rectum Brain & Central Brain & Central 

25,696 Nervous System Nervous System 
344 467 

Prostate Bone Hodgkin's Disease 

21,674 47 335 

Pancreas Connective Tissues Testis 

11,010 | 43 329 

Stomach Kidney Melanoma of Skin 

8,529 39 261 


Source: Vital Statistics of the United States, 1978. 


MORTALITY FOR THE FIVE LEADING CANCER SITES 
FOR FEMALES BY AGE GROUP, UNITED STATES-1978 


All Ages Under 15 15-34 

Breast Leukemia Breast 

34,329 411 585 

Colon & Rectum Brain & Central Leukemia 

27,573 Nervous System 493 

275 

Lung Bone Brain & Central 

24,080 45 Nervous System 
347 

Uterus Kidney Uterus 

10,842 44 295 

Ovary Connective Tissues — Hodgkin's Disease 

10,651 43 223 


35-54 55-74 75+ 
Lung Lung Lung 
10,124 46,049 14,646 
Colon & Rectum Colon & Rectum Prostate 
2,462 13,717 12,298 
Pancreas Prostate Coion & Rectum 
1,262 9,047 9.325 
Brain & Central Pancreas Pancreas 
Nervous System 6,490 3,208 
1,282 
Leukemia Stomach Bladder 
1,065 4,558 3.172 
35-54 55-74 75+ 
Breast Breast Colon & Rectum 
8,205 17,403 12,626 
Lung Lung Breast 
4,679 14,463 8,129 
Colon & Rectum Colon & Rectum Lung 
2,210 12,551 4,819 
Uterus Ovary Pancreas 
2,111 5,992 3,939 
Ovary Uterus Uterus 
2,029 5,480 2,954 


Source: Vital Statistics of the United States, 1978. 


From: CA-A Cancer Journal for Clinicians 33:11, 1983. Reproduced with permission. 


Also to be noted is that children under the age of 15 
are not spared. Indeed, cancer accounts for slightly 
more than 10% of all deaths in this group in the United 
States, and is second only to accidents. Acute leukemia 
and neoplasms of the central nervous system are re- 
sponsible for approximately 60 to 75% of these deaths.* 
The most common form of neoplasia (p. 1247) in infants 
under 1 year of age is neuroblastoma, followed in 
descending order by Wilms’ tumor; rhabdomyosarcoma 
of the head, neck, and genitourinary tract; and retino- 
blastoma. Acute leukemias, particularly acute lympho- 
blastic leukemia, are also prone to occur in children 
under 5 years in the United States, western Europe, 
and Japan; it is more common in whites than blacks in 
the U.S. A predisposition to leukemia is encountered 
in such inherited disorders as Down's syndrome and in 
Fanconi’ anemia and Bloom's syndrome, characterized 
by chromosomal instability.** Ionizing radiation and 
alkylating agents are also potent leukemogenic influ- 
ences in children. Fortunately, dramatic therapeutic 
results are now being achieved with many of these forms 
of childhood neoplasia. For example, with acute lym- 
phoblastic leukemia a better than 50% five-year survival 
can now be effected. Over 90% of children with Wilms’ 
tumor confined to the kidney are alive at 5 years, and 
most are likely to be cured.** Comparably encouraging 
results could be cited for rhabdomyosarcomas. The 
occurrence of cancer is always disturbing at any age and 
particularly lamentable in the young, but there is now 
solid basis for optimism about the control and possible 
cure of many forms of childhood malignancies. 


ENVIRONMENTAL AND CULTURAL INFLUENCES 


Cancer risks lurk behind virtually every door. They 
can be found in the environment and particularly within 
certain occupations. Mention has already been made of 
the carcinogenicity of ultraviolet rays and many drugs. 
Asbestos, vinyl! chloride, and 2-naphthylamine can serve 
as examples of occupational hazards, and many others 
are discussed on page 459. The risks may be incurred 
in life style and personal exposures, for example, the 
role of nutrition, considered on page 426. Overall, 
mortality data indicate that persons more than 25% 
overweight have a higher death rate from cancer than 
their “trim” neighbors. Alcohol abuse alone increases 
the risk of carcinomas of the oropharynx (excluding lip), 
larynx, and esophagus, and through the intermediation 
of alcoholic cirrhosis, carcinoma of the liver.*© Smoking, 
particularly of cigarettes, has been implicated in cancer 
of the mouth, pharynx, larynx, esophagus, pancreas, 
and bladder, but most significantly is responsible for 
about 83% of lung cancer among males and 43% among 
females (p. 442). Indeed, cigarette smoking has been 
called the single most important environmental factor 
contributing to premature death in the United States. 
Alcohol and tobacco together multiply the danger of 
incurring cancers in the upper aerodigestive tract.*’ The 
risk of cervical cancer is linked to age at first intercourse 
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and the number of sex partners. These associations 
point to a possible causal role for venereal transmission 
of cervical viral infections. It begins to appear that 
everything one does to gain a livelihood or for pleasure 
is either fattening, immoral, illegal, or, most distressing, 
oncogenic. 


HEREDITY 


One frequently asked question is: “My mother and 
father both died of cancer. Does that mean I am doomed 
to get it?’ On the basis of current knowledge, the 
answer must be carefully qualified.* * The evidence 
now indicates that for a large number of types of cancer, 
including the most common forms, there exist not only 
environmental influences but also hereditary predispo- 
sitions. For example, lung cancer is in most instances 
clearly related to cigarette smoking, yet mortality from 
lung cancer has been shown to be four times greater 
among nonsmoking relatives (parents and siblings) of 
lung cancer patients than among nonsmoking relatives 
of controls. Similar data (a twofold increase) obtain with 
smoking relatives. So it appears that genetic influences 
may contribute to the development of cancer even when 
there are clearly defined environmental factors. A ge- 
netic predisposition to breast cancer in females can also 
be shown. What role heredity plays in the predisposition 
to particular breast cancers cannot be quantified. 
Clearly, women who have no family history of this 
cancer may develop the disease, but presumably those 
from breast-cancer families are at some increased risk. 
A two-mutation theory has been proposed for the in- 
herited predisposition to cancer. Inheritance of a mutant 
gene through the germ cells slightly increases the risk 
of a specific form of cancer, but a second somatic 
mutation is necessary to raise the risk substantially. In 
the absence of the inherited germinal mutation, two 
somatic mutations would be required to potentiate 
tumorigenesis. Thus, inheritance of a predisposition to 
cancer or, in fact, a subsequent somatic mutation does 
not imply inevitability; still other influences, possibly 
environmental, may be necessary for the development 
of a tumor. Autosomal dominant patterns of transmission 
can be identified in many instances of hereditary pre- 
disposition, but often the predisposition does not follow 
strict mendelian patterns. 

In general, the risk of the same neoplasm devel- 
oping in close relatives of a cancer patient is about three 
times greater than in control populations. There is an 
even greater familial risk with particular forms of cancer, 
notably embryonal tumors of childhood and carcinomas 
of the breast and colon. In families in which tumors 
develop earlier than the usual age or at multiple foci, 
the risk may be increased many-fold. Childhood retino- 
blastoma offers the most striking example of the role of 
heredity. About 60% of these neoplasms are nonhe- 
reditary and usually unilateral; the remainder are he- 
reditary and more often bilateral. The risk of tumor in 
a carrier of the autosomal dominant mutation is about 
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95%, i.e., 100,000 times greater than it is in the child 
who does not carry the mutant gene.*! Bilateral cases 
are almost always genetic, but unilaterality does not 
exclude heredity. Because the mutation does not have 
100% penetrance, unaffected carriers may pass the 
mutation to their offspring. It is of interest in terms of 
the origins of cancer that children have been cured of 
their ocular retinoblastomas only to develop, in a higher- 
than-chance frequency, osteogenic sarcoma of the long 
bones. Multiple polyposis coli is another hereditary 
disorder marked by an extraordinarily high risk of 
cancer. Individuals who inherit the autosomal dominant 
mutation have at birth, or soon thereafter, innumerable 
polypoid adenomas of the colon, and in virtually 100% 
of cases are fated to develop a carcinoma of the colon 
by age 50. A list of some of the more common cancerous 
and precancerous disorders in which heredity plays a 
major role is presented in Table 7-6. 

It is impossible to estimate the contribution of 
heredity to the total human burden of cancer. However, 
the best “guesstimates’ suggest that about 5% of all 
cancers are genetic.” The remainder, then, must be 
largely environmental in origin or so-called “sponta- 
neous, but it is highly likely that genetic predisposition 
contributes to some proportion of so-called “environ- 
mental” and “spontaneous” cancers. For example, in- 
dividuals with the autosomal recessive “chromosome 
breakage syndromes’ such as xeroderma pigmentosum 
only develop their cancers of the skin with exposure to 
the mutational effects of radiant energy. Heterozygotes 
who do not manifest these recessive “breakage syn- 
dromes’ are also at increased risk.** The converse is 
equally true: environmental factors must contribute to 
the initiation of many hereditary neoplasms. It is best 
then to consider heredity and environment as the two 
ends of a spectrum of predisposing influences. At the 
extremes are those neoplasms fated to appear because 
of heredity or because of environment, but in between 
are the great majority of cancers that have varying 
proportions of both influences, depending on where 
they fall within the spectrum. 
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PREDISPOSING DISORDERS 


The only certain way to avoid cancer is not to be 
born: to live is to incur the risk. However, the risk is 
greater than average under many circumstances, as is 
evident from the predisposing influences discussed ear- 
lier. Certain clinical conditions are also of importance. 
It has already. been sufficiently emphasized that cell 
replication is involved in cancerous transformation, and 
thus regenerative, hyperplastic, and dyplastic prolifer- 
ations are fertile soils for the origin of a malignant 
neoplasm. There is a well-defined association between 
certain forms of endometrial hyperplasia and endome- 
trial carcinoma (p. 1134), and between cervical dysplasia 
and cervical carcinoma. The bronchial mucosal metapla- 
sia and dysplasia of habitual cigarette smokers are omi- 
nous antecedents of bronchogenic carcinoma. About 


Table 7-6. HEREDITARY CANCEROUS AND 
PRECANCEROUS DISORDERS 


Disorder 


Autosomal Dominant 
Inheritance 
Retinoblastoma 


Neurofibromatosis 

Familial polyposis coli 

Gardner’s syndrome 

Peutz-Jeghers syndrome 

Hereditary multiple endocrine 
neoplasia syndrome— type 
| (MEN 1) 

Multiple endocrine neoplasia 
syndrome—type II (MEN Il) 

Cutaneous malignant 


melanoma 
Von Hippel-Lindau disease 


Predominant Tumors 


Retinoblastoma, sarcomas— 
orbital (following radiation) and 
at remote sites 

Neurogenic sarcoma, acoustic 
neuroma, pheochromocytoma 

Colonic cancer, adenomatous 
polyps 

Colonic cancer, adenomatous 
polyps, osteomas 

Controversial whether 
predisposes to colonic cancer 

Tumors of pituitary gland, 
parathyroid gland, and 
pancreatic islet cells 

Medullary carcinoma of thyroid, 
pheochromocytoma, and 
parathyroid disease 

Cutaneous malignant melanoma, 
other cancers 

Hemangioblastoma of 


cerebellum, hypernephroma, 
and pheochromocytoma 
Adenocarcinomas (primarily of 
colon and endometrium) 
Breast cancer, sarcoma, 
leukemia, and brain tumor 


Cancer-family syndrome 


Breast cancer in association 
with other malignant 
neoplasms 


Autosomal Recessive 
Inheritance 

Xeroderma pigmentosum Basal and squamous cell 
carcinoma of skin, malignant 
melanoma 

Leukemia and lymphoma 

Acute leukemia, various 
carcinomas 

Acute leukemia, lymphoma, and 
possibly gastric cancer 

Colonic polyps, cancer, and brain 
tumors 


Fanconi’s anemia 
Bloom's syndrome 


Ataxia telangiectasia 


Turcot’s syndrome 


80% of heptocellular carcinomas arise in cirrhotic livers, 
which are characterized by active parenchymal regen- 
eration. Other examples could be offered, but although 
these settings constitute important predispositions it 
must be appreciated that in the great majority of in- 
stances they are not complicated by neoplasia. 

Certain non-neoplastic disorders—the chronic 
atrophic gastritis of pernicious anemia; solar keratosis 
of the skin; the chromosomal breakage syndromes; 
chronic ulcerative colitis; and leukoplakia of the oral 
cavity, vulva, and penis—have such a well-defined 
association with cancer that they have been termed 
“precancerous conditions.” This designation is some- 
what unfortunate since in the great majority of instances 
no malignant neoplasm emerges. Nonetheless, the term 
persists because it calls attention to the increased risk. 
Analogously, certain forms of benign neoplasia consti- 
tute “precancerous conditions.” The villous adenoma of 
the colon, as it increases in size, develops cancerous 
change in up to 50% of cases. The myriad adenomatous 


colonic polvps characteristic of familial multiple poly- 
posis coli are almost always followed eventually by 
carcinoma of the colon. The multiple neurofibromas of 
the hereditary neurofibromatosis often give rise to neu- 
rogenic sarcomas. It might be asked: Is there not a risk 
with all benign neoplasms? Although some risk may be 
inherent, a large cumulative experience indicates that 
most benign neoplasms do not become cancerous. None- 
theless, numerous examples could be offered of cancers 
arising, albeit rarely, in benign tumors: for example, a 
leiomyosarcoma beginning in a leiomyoma, and carci- 
noma appearing in long-standing pleomorphic adeno- 
mas. Generalization is impossible because each type of 
benign neoplasm is associated with a particular level of 
risk ranging from virtually never to frequently. Only 
follow-up studies of large series of each neoplasm can 
establish the level of risk, and always the questions 
remain: Was the tumor an indolent form of cancer or 
was there a malignant focus in the benign tumor? 


LABORATORY DIAGNOSIS OF CANCER 


Every year the approach to laboratory diagnosis of 
cancer becomes more complex, more sophisticated, and 
more specialized. It may come as a rude surprise that, 
for virtually every neoplasm mentioned in this text, a 
number of subcategories have been characterized by 
the experts; but we must walk before we can run. Each 
of the following sections attempts to present the “state 
of the art,” avoiding details of method. 


HISTOLOGIC DIAGNOSIS 


Despite man’s ingenuity in inventing amazingly 
sophisticated instrumentation, the anatomic diagnosis of 
neoplasms is largely accomplished by “eyeballing.” In 
some part a science, and in larger part an art, it is 
heavily dependent on the brain behind the eyes behind 
the microscope. However, a great deal of objectivity 
has been added to the subjective interpretation by 
numerous modalities such as transmission electron mi- 
croscopy, scanning electron microscopy, histochemistry, 
immunofluorescent and immunocytochemical _tech- 
niques, and others. Thus, previously hidden cellular 
details such as organellar structure, intracellular fila- 
ments, antigenic markers (to be described), and partic- 
ular enzymes are now identifiable and permit more 
certain identifications. For example, desmosomes to- 
gether with microvilli almost always signify an epithelial 
origin of a cancer. Endocrine cells bear membrane- 
bound, dense-core granules. Myoglobin or myosin an- 
tibodies permit the immunocytochemical identification 
of mesenchymal tumor cells. In particular, tumor mark- 
ers (cited below) have come to the fore. The clinician, 
too, makes a very important contribution to accurate 
histologic diagnosis. The tissues submitted for anatomic 
diagnosis must be representative of the lesion. Obvious 
as this may sound, large neoplasms often have areas of 
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necrosis; a relatively small breast carcinoma may be 
enveloped by non-neoplastic fibrocystic disease, and a 
bronchoscopic biopsy of the margins of a focus of bron- 
chial mucosal change may disclose only cellular atypia 
and fail to contain the central more definitive cancerous 
changes. There is much to recommend in the needle 
biopsy approach, which is highly satisfactory in partic- 
ular situations, but the risk of sampling error is a serious 
consideration. The clinician makes a further contribution 
to the accuracy of diagnosis by circumspect handling of 
the specimen, avoiding crushing, tearing, and electro- 
desiccation distortions, and by prompt preservation or 
fixation of specimens. Often underappreciated is the 
importance of adequate clinical information; maximal 
anatomic diagnostic accuracy cannot be achieved in a 
clinical vacuum. The cellular changes introduced by 
previous radiotherapy are easily misinterpreted as can- 
cer. The reparative changes of a previous bone injury 
may, at times, mimic an osteogenic sarcoma. 

When general anesthesia is required for biopsy of, 
say, a deeply situated large breast mass, a “frozen 
section” anatomic diagnosis can be rendered within 
minutes, permitting the required definitive surgery. 
Although “frozen sections’ do not provide the fine 
cytologic detail of the more time-consuming paraffin 
sections, they are nonetheless entirely satisfactory and 
accurate in experienced hands. Occasionally the lesion 
may be difficult to evaluate, and so a definite diagnosis 
is not rendered. Better to impose on the patient the 
discomfort and expense inherent in a second surgical 
procedure than to embark on surgery based on a wrong 
diagnosis. Except for the rare instances of rapidly grow- 
ing sarcomas, usually in children, there is no evidence 
that a few days delay between biopsy and definitive 
surgery imposes any danger of dissemination of the 
cancer. 


Laboratory Diagnosis of Cancer 


CYTOLOGIC DIAGNOSIS 


Next best to histologic diagnosis of cancer is the 
cytologic method first described by Papanicolaou in 
1928 and confirmed in 1943° This method has been 
most widely applied in the detection of carcinoma of 
the cervix and carcinoma of the endometrium. The 
secretions obtained on an endocervical swab or aspira- 
tion, or those derived from a cervical scraping, are 
smeared onto a slide, quickly fixed, and stained. 

As pointed out earlier, cancer cells have lowered 
cohesiveness and have a range of morphologic changes 
encompassed by the term anaplasia. Thus, shed cells 
can be evaluated for the features of anaplasia indicative 
of their origin in a cancer (Figs. 7-4 and 7-5). In 
contrast to the histologist’s task, judgment here must 
be rendered on the basis of individual cell cytology or 
(at most perhaps) on that of a clump of a few cells 
without the supporting evidence of architectural disar- 
ray, loss of orientation of one cell to another, and 
(perhaps most important) evidence of invasion. This 
method permits differentiation among normal, dysplas- 
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Figure 7—4. Exfoliative cell smear showing normal cytologic flora o% 
the genital tract. Cells are largely flattened surface squamous 
epithelial cells. 


Figure 7-5. On the left is an exfoliative cell smear of vaginal secretions from a patient with a cervical 


tic, and cancerous cells, and in addition permits the 
recognition of cellular changes characteristic of carci- 
noma in situ. The following terminology is frequently 
used: 

Class I: Normal 

Class II: Few atypical cells—repeat 

Class III: Dysplasia—sometimes subdivided into 

mild, moderate, and severe 

Class IV: Carcinoma in situ 

Class V: Cancer 

Many other classifications are in use but, whatever 
the terminology, an accuracy approaching 100% can be 
achieved in laboratory interpretation of the cytologic 
smear. There are, however, false-negative errors intro- 
duced by misdirected or inadequate sampling. These 
are greatest when cytologic diagnosis is applied to 
nongynecologic disease: e.g., sputum; bronchial brush- 
ings; abdominal, pleural, joint, and cerebrospinal fluids; 
urinary sediment; gastric brushings; biliary and pan- 
creatic duct aspirations; and needle aspirations of breast, 
prostatic, thyroid, and other lesions. Despite the pos- 
sibility of false-negative errors, a positive finding indi- 
cates the existence of a cancer that is best substantiated 
by biopsy and histologic examination before surgery is 
embarked upon. Cytologic examination has contributed 
greatly to the striking reduction in the mortality rate of 
uterine cancer in the United States and other countries 
over the past few decades. Women at risk, and indeed 
entire populations, can be screened for lesions that 
might well escape detection otherwise. 


¢ 4 * a oS ;. 
4 oh. x p : 3 i a ei sf 
. es. Lee “A a w 
4 rhs ; 3 * : . 
ar os, *y i 
sxe 


cancer. Contrast the large, malignant anaplastic cell with the normal cells in Figure 7-4 (same 
magnification). On the right is a tissue section of the resected tumor showing the anaplastic cells in 


situ. 


TUMOR MARKERS 


With advances in the development of specific ra- 
diotherapeutic and chemotherapeutic protocols for par- 
ticular cancers, accurate and precise morphologic diag- 
nosis has assumed increased importance. Although in 
many instances cancers are sufficiently well differen- 
tiated to permit ready identification on routine micro- 
scopic sections, diagnostic difficulities not infrequently 
arise, particularly with undifferentiated neoplasms and 
in establishing the origin of a metastasis. Thus, efforts 
have been made to characterize “markers” of specific 
forms of neoplasia that would at least narrow the range 
of possibilities. Mention was made on page 265 of the 
use of immunocytochemical methods to identify markers 
(e.g., enzymes, antigens, intermediate filaments) in the 
anatomic differential diagnosis of tumors (Fig. 7-6). The 
markers have also been shown to have clinical impor- 
tance: (1) By their release into the circulation, they 
provide a means of screening individuals or populations 
for the possible presence of a particular form of cancer, 
thus permitting appropriate clinical verification. (2) 
Since the plasma level of the marker is a function of the 


Figure 7-6. An antikeratin immunoperoxidase strain of a mixed 
adenotarcinoma and undifferentiated carcinoma of the lung. The 
atypical gland patterns above are stained dark, indicating a positive 
antikeratin reaction. The undifferentiated cancer cells below are 
keratin negative. 
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Table 7-7. APPLIED TUMOR MARKERS 


Markers Principal Application 
Immunologic 
E rosettes Leukemia/lymphoma T cells 


Monoclonal antibodies Leukemia/lymphoma T and B 
cells 

Specific heavy-chain Leukemia/lymphoma B cells 
immunoglobulins 

Kappa, lambda light chains Leukemia/lymphoma B cells 

Intermediate Filaments Identification of histogenesis of 


tumor cells (see p. 220) 


Tumor-Associated Antigens 

Carcinoembryonic antigen Colonic, pancreatic, 
bronchogenic, gastric, and 
breast carcinomas and other 
forms of cancer 

Hepatocellular carcinoma, germ 
cell tumors (principally yolk-sac 
and endodermal sinus 
derivatives) 

Pancreatic, bronchogenic, and 
gastric carcinomas and others 


Alpha-fetoprotein 


Pancreatic oncofetal antigen 


Hormones 
Human chorionic 
gonadotropin 


Choriocarcinoma, hydatidiform 
mole, seminoma, embryonal 
and teratocarcinoma of the 
testis, ovarian carcinoma, and 
others 

Trophoblastic neoplasms 

Thyroid medullary carcinoma 

See paraneoplastic syndromes 
(p. 255) 


Human placental lactogen 
Calcitonin 
Ectopic hormones 


Serum Enzymes 

Acid phosphatase, tartrate- 
inhibitable 

Galactosyltransferase II 


Prostatic carcinoma 


Pancreatic, gastric, and breast 
Carcinomas 


total body burden of cancer, some estimate or prognosis 
is possible; more important, however, the level reflects 
the effectiveness of therapy and subsequent possible 
recurrences. (3) Still highly experimental is the use of 
radiolabeled antibodies (optimally monoclonal) to the 
markers, which might be administered to appropriate 
patients in an effort to localize, by radioscanning tech- 
niques, not only the primary lesion but also metastases.” 
(4) If antibodies of sufficient affinity and specificity could 
be developed, it might be possible to couple them with 
antitumor agents and thus bring the therapeutic agent 
to bear directly on the cancer cells wherever they are 
dispersed. The last two clinical applications are still in 
the exploratory stage, but the use of markers to facilitate 
anatomic and clinical diagnosis and follow-up are now 
well established. 

The roster of tumor markers grows longer every 
month. Some are of principal use in morphologic diag- 
nosis, a few only clinically, but most contribute to both. 
Those that have been available sufficiently long to be 
adequately tested are listed in Table 7—7 along with the 
malignancies for which they have the greatest value.°” ™ 
A few comments on some of the more important markers 
follow. 
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Immunologic markers have become important ad- 
juncts to the specific chracterization of lymphoid leu- 
kemias and lymphomas.” It is now possible to subdivide 
these disorders into T (thymic-dependent) and B (bone 
marrow-derived) subsets by several techniques, most 
specifically by monoclonal antibodies (p. 666), and to 
further differentiate monoclonal neoplastic proliferations 
from polyclonal lesions that are more likely to be non- 
neoplastic. For example, the finding that all lympho- 
cvtes within a marrow infiltrate are synthesizing kappa 
light chains argues strongly for their leukemic or lym- 
phomatous origin rather than their being a nonspecific 
inflammatory reaction. It is not necessary to delve into 
the technical details involved in these immunologic 
assays, save to mention that specific antisera, some 
monoclonal, are now available for the various immuno- 
globulin chains. These can be coupled with fluorescent 
dyes and so localized in tissue sections by ultraviolet 
microscopy. Alternatively, the antibodies can be com- 
plexed with horseradish peroxidase, which will react 
with a chromogen to vield a distinctive precipitate 
wherever the peroxidase-antibody complex is bound 
(the immunoperoxidase method). Still in development 
are a variety of monoclonal antisera capable of reacting 
with subtypes of T and B cells to provide more accurate 
subclassification, and the establishment of more precise 
prognoses and treatment protocols for each particular 
form of leukemia and lymphoma of lymphoid origin. 

The fetal tumor-associated antigens, sometimes 
called oncofetal antigens, were the first tumor markers 
to be described. Initially, carcinoembryonic antigen 
(CEA), a normal glycoprotein in the embryonic tissue 
of the gut, pancreas, and liver during the first two 
trimesters, was believed to be specific for adenocarci- 
nomas of the colon when detected in the plasma in 
postnatal life.°’ However, with the subsequent devel- 
opment of more sensitive radioimmunoassays, it became 
apparent that CEA could be-‘demonstrated in the plasma 
with many endodermally derived cancers (particularly 
pancreatic, gastric, and bronchogenic) as well as in many 
other forms of malignancy. Moreover, small quantities 
are present in the plasma in habitual cigarette smokers, 
and minimal-to-moderate amounts in alcoholic cirrhosis, 
pancreatitis, inflammatory bowel disease, peptic ulcer, 
and other non-neoplastic disorders. Moreover, the level 
of CEA elevation in the plasma is a function of the body 
burden of cancer. Thus, large or disseminated cancers 
produce high plasma levels, but the early potentially 
curable lesions reveal only modest or marginal levels. 
It has thus become apparent that CEA assays lack both 
specificity and the sensitivity required for the detection 
of early cancers. Nonetheless, quantitative CEA deter- 
minations are still very useful in providing presumptive 
evidence of the presence of colonic cancers, since they 
vield the highest plasma levels and have proved of great 
worth in helping to establish a prognosis and in post- 
therapeutic monitoring of possible recurrences.* © Fur- 
ther details on this tumor marker may be found on page 


873. 


Alpha-fetoprotein (AFP) is another well-established 
tumor marker, discussed in some detail on page 000. 
This glycoprotein is synthesized normally early in fetal 
life by the yolk sac and fetal liver. Abnormal plasma 
elevations are encountered in adults with cancers arising 
principally in the liver and from yolk sac remnants. 
Elevated plasma AFP is also found less regularly in 
teratocarcinomas and embryonal cell carcinomas of the 
testis, ovary, and extragonadal sites, which presumably 
contain yolk sac remnants, and occasionally in carcino- 
mas of the stomach and pancreas. Like CEA, non- 
neoplastic conditions including cirrhosis, toxic liver in- 
jury, hepatitis, and pregnancy (especially with fetal 
distress or death) also may cause minimal-to-moderate 
plasma elevations of AFP. While there is, then, some 
problem with specificity, marked elevations of the 
plasma AFP level have proved a highly useful indicator 
of carcinomas arising in the liver and from yolk sac or 
endodermal sinus derivatives (pp. 938 and 1094).™ Par- 
enthetically, fetal neural tube defects such as anenceph- 
aly and spina bifida produce elevations of the amniotic 
fluid AFP, thus providing an opportunity for prenatal 
diagnosis. 

More details on the established tumor markers will 
appear in discussions of various forms of cancer in later 
chapters. It is likely, however, that these “old dogs” 
will be augmented or replaced in the near future by 
some of the new markers currently being tested. Atten- 
tion was called early to a “ca antigen” reported to be 
present in a wide variety of cancers (p. 234). Another 
promising candidate is tissue polypeptide antigen (TPA), 
found in the plasma in patients with a wide variety of 
cancers, and in the urine in bladder cancer.™ © It is 
further likely that, as appropriate monoclonal antibodies 
become available, more tissue and tumor-specific anti- 
gens will be characterized (some are already available), 
providing the long-sought-after specific markers for all 
forms of cancer. 


TUMORS COMMON TO ALL ORGANS 


Mesenchymal derivatives (such as connective tis- 
sue, fat, blood vessels with their endothelial cells and 
smooth muscle cells, histiocytes, and Schwann cells) are 
found in all organs and tissues of the body. Thus, 
mesenchymal tumors are common to all organs. As you 
know, mesenchymal cells retain their multipotentiality; 
thus, fibroblasts may differentiate into osteoblasts, and 
smooth muscle cells can elaborate collagen and become 
phagocytic. Thus, while neoplasms derived from me- 
senchymal cells may be differentiated along a single line 
such as the lipoma, fibrosarcoma, or leiomyoma, me- 
senchymally derived tumors not infrequently display 
the multipotentiality of mesenchymal cells and so pro- 
duce mixed patterns such as angiolipomas, fibromyxo- 
chondromas, or other combinations. It is not possible 
to describe the range of neoplasms resulting from such 
versatilitv. Only the more common patterns, mostly 


differentiated along a single line, are presented in the 
following sections, excluding those of blood vessels, 
cartilage, and bone, which are described elsewhere. 


FIBROMA AND FIBROSARCOMA 


Many types of mesenchymal cells—macrophages, 
endothelial cells, mesothelial cells, Schwann cells, and 
others—may differentiate into fibroblasts. In the context 
of the abundance of these cells and, of course, fibroblasts 
throughout the body, it is surprising that fibromas and 
fibrosarcomas are relatively uncommon neoplasms. 
Much more common are a loosely defined group of 
localized overgrowths of fibroblastic cells, collectively 
referred to as fibromatoses. These range from the post- 
inflammatory keloid to non-neoplastic fibroses, such as 
palmar or plantar fibromatoses, to lesions intermediate 
between the fibroma and fibrosarcoma, which, for lack 
of a better designation, are called desmoid tumors. 
Since the fibromatoses, including the desmoid tumor, 
are principally related to the musculoskeletal system, 
they are considered in Chapter 28. Remarks here are 
confined to the rare fibroma and the slightly more 
common fibrosarcoma. 


True fibromas (or lesions referred to as fibromas) are, 
for unknown reasons, found in only a relatively few sites in 
the body. Ovarian fibromas may arise from stromal cells. 
Circumscribed nodules referred to as fibromas occur in 
relation to the teeth. Neurofibromas derived from Schwann 
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Figure 7-7. Fibroma. The tumor is made up of regular, well-formed 
fibrocytes and fibroblasts laid down in parallel bands. 
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Figure 7-8. Fibrosarcoma. There is considerable snapeaa.e a cells 
with marked variation in size and shape. Scattered giant cells are 
readily evident. 


cells are found along nerve trunks. Whatever their origin, 
these benign neoplasms are composed of typical spindled 
fibroblasts, either closely packed with scant intervening 
collagen or separated by abundant collagen (Fig. 7-7). The 
consistency of these usually firm masses depends on the 
amount of collagen. All are pearly gray and rarely have 
areas of hemorrhage, cystic softening, or necrosis. The cells 
may be laid down in random array or sometimes are aligned 
parallel to each other to make up broad ribbons. In well- 
differentiated tumors, mitoses are rare, but in so-called 
“cellular fibromas,” scattered mitoses can be found; thus, 
the differentiation between ‘cellular fibromas” and fibrosar- 
comas becomes difficult. Although criteria vary, up to three 
mitoses per ten high-power fields is often used as the 
dividing line.*” The differentiation of fibromas from such 
neoplasms as the leiomyoma, also composed of spindle 
cells, may sometimes be difficult. Useful methods include 
the trichrome stain to highlight the amount and distribution 
of the collagen; the phosphotungstic acid-hematoxylin stain 
to reveal slender, wavy fibroglial fibers; and silver impreg- 
nations to disclose the delicate, lattice-like fibrillar reticulin 
enclosing individual cells. 

Fibrosarcomas may be located anywhere but are most 
frequent in the retroperitoneum, followed by the superficial 
or deep tissues of the extremities. Typically, they are unen- 
capsulated, infiltrative, soft, pearly gray to white masses, 
often having areas of hemorrhage and necrosis. Better 
differentiated neoplasms may appear deceptively encapsu- 
lated. Histologic examination discloses all degrees of differ- 
entiation, from slowly growing tumors that closely resemble 
“cellular fibromas” except for their having more than three 
mitoses per ten high-power fields, to wildly anaplastic neo- 
plasms dominated by bizarre giant cells and frequent mitoses 
(Fig. 7-8). Identifying the fibroblastic origin of these undif- 
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ferentiated lesions is often difficult and sometimes impossi- 
ble. The special stains previously mentioned may be heipful. 
As alluded to earlier, all manner of mixed cell patterns may 
be encountered with areas of myxomatous, lipomatous, 
chondromatous, and osteomatous tissue within a basically 
fibromatous neoplasm. Whether to encumber such lesions 
with such compound designations as fibromyxosarcoma 
depends on the prominence of the additional elements and, 
in the last analysis, is highly subjective. 


CLINICAL ASPECTS OF NEOPLASIA 


The clinical significance of ovarian, dental, and 
neural fibromas is considered elsewhere. The outlook 
for fibrosarcomas depends, of course, on their size, 
extent of spread, and level of differentiation and mostly 
on their location and, therefore, resectability. Overall, 
in adults, about one-quarter will have metastasized by 
the time of diagnosis. For the remaining nondissemi- 
nated lesions, only very radical resection when possible 
will prevent local recurrence, usually within months. 
The prognosis for children is somewhat better than that 
for adults. 


MYXOMA 


Myxomas are extremely rare neoplasms encoun- 
tered virtually in adults only, and principally within 
skeletal muscle, in retroperitoneal tissue, subcutane- 
ously, and rarely in bone (jaws). They seldom occur in 
children. Much more common are myxoid areas in other 
forms of mesenchymal neoplasia. However, such areas 
often are merely loose edematous connective tissue, 
which invites the overuse of such diagnoses as fibro- 
myxoma, myxolipoma, and the like. 


True myxomas range in size from small subcutaneous 
masses to large neoplasms in skeletal muscle or in the 
retroperitoneal region, which sometimes weigh over 1000 
gm. They often infiltrate into contiguous structures and 
therefore may be difficult to excise. Grossly, they are pale 
gray, gelatinous, sometimes slimy masses that are almost 
never encapsulated. Histologically, large stellate or spindle- 
shaped cells are seen floating, as it were, in an abundant 
acid mucopolysaccharide ground substance. Often the 
ground substance is traversed by thin strands of collagen 
fibrils. Mitotic activity usually is not evident. When changes 
suggestive of malignant transformation are present, it is 
highly likely that the lesion represents an area of myxoid 
change in some other form of mesenchymal sarcoma, most 
commonly liposarcoma. Pure myxosarcomas are exceed- 
ingly rare, if indeed they occur. Polypoid, sometimes papil- 
lary, neoplasms termed “myxomas’” also arise in the cardiac 
chambers, usually within the atria (p. 605). Although they 
resemble histologically the other myxomas already de- 
scribed, they often have a greater variability in structure 
since they arise from multipotential mesenchymal cells. 


LIPOMA AND LIPOSARCOMA 


Lipomas are extremely common benign tumors, 
found principally in the subcutaneous tissues (on the 
neck and trunk and less often on the face, hands, and 


feet), but they also occur in deeper structures such as 
in the retroperitoneum, skeletal muscle, mediastinum, 
gastrointestinal tract, and indeed in any location where 
fat is normally found. Children are rarely affected; most 
patients are in the fifth or sixth decade of life. There 
appears to be a correlation between the development 
of these neoplasms and obesity. Most often they occur 
singly or in limited numbers, but occasionally multiple 
lipomatous masses affect an entire extremity, for exam- 
ple, or other region, sometimes in association with other 
endocrine and neurologic disturbances. Whether such 
lipomatosis is neoplastic or instead an exaggerated dif- 
ferentiation of connective tissue into fatty tissue is not 
clear. 


In a subcutaneous location the true lipoma is small (1 
to 4 cm in diameter), poorly delimited, and thinly encapsu- 
lated and has the appearance of typical adult adipose tissue. 
Demarcation of the tumor may be difficult because of its 
poor encapsulation and the tendency for lobules to project 
into surrounding fatty tissue. Hemorrhage and necrosis are 
uncommon. On microscopic section, most of these lesions 
are indistinguishable from adult fat; however, admixtures of 
fibrous tissue may occasionally be present. Other mesen- 
chymal elements are sometimes present, for example, in the 
angiolipoma, fibrolipoma, or myelolipoma (containing hem- 
atopoietic tissue). 


Benign lipomas are of little clinical significance, 
save for their cosmetic effects. More deeply situated 
lesions may cause pressure symptoms on contiguous 
structures, but as with all masses they require differ- 
entiation from more ominous lesions. It is doubtful that 
liposarcomas ever arise in preexisting lipomas. 

Liposarcomas are not only the most common soft 
tissue sarcoma in adults, but are also among the most 
pleomorphic of all neoplasms. Relative to lipomas, they 
are extremely uncommon. Occurrence in childhood is 
exceptional. 


In contrast to lipomas, most liposarcomas arise in deep 
structures such as the retroperitoneum, mesentery, and 
axilla and very rarely in subcutaneous locations. On gross 
inspection these tumors tend to have a somewhat more 
Opaque gray-white to yellow appearance than lipomas, and 
are usually poorly delimited and not encapsulated. They 
may achieve massive size (many kilograms) and invade 
surrounding structures, and so they commonly grow about 
blood vessels and enclose neighboring organs. Areas of 
cystic softening, hemorrhage, and necrosis are frequently 
present. Many times they assume a myxoid gelatinous 
appearance. 

The range of histologic variability of these forms of 
cancer has led to their being divided into four types: (1) well 
differentiated, (2) myxoid, (3) round cell, and (4) pleo- 
morphic.® © The well-differentiated liposarcoma is easily 
misinterpreted as a lipoma. It is composed almost always of 
adult-appearing fat cells, which, however, generally retain a 
rim of discernible cytoplasm about the large central fatty 
vacuole and in addition have prominent nuclei, displaying 
the anaplasia of malignancy. Variable amounts of myxoma- 
tous tissue may be present, as well as occasional stellate 
and spindle cells having only scant, small, cytoplasmic fatty 
vacuoles. The myxoid liposarcoma is the most common 


variant. It contains rather primitive mesenchymal-appearing 
cells, dispersed throughout an abundant ground substance. 
The neoplastic cells range from adult-appearing fat cells to 
stellate, pleomorphic, more primitive-appearing cells with 
cytoplasmic processes containing minute vacuoles (Fig. 7— 
9). Tumor giant cells may appear but are not common, and 
mitoses are few in number. Typically, there is a prominent 
vascularization in the form of branching capillary channels 
that produce a “chicken-wire” pattern. The round cell lip- 
osarcoma is composed of masses of small round cells 
having distinct acidophilic cytoplasm and prominent ana- 
plastic nuclei. Occasional cells bearing fatty vacuoles, re- 
ferred to as lipoblasts, are requisite for the diagnosis. Mitoses 
are much more common in this pattern, and sometimes the 
cells are segregated into small clusters or pseudoglandular 
arrangements by traversing strands of connective tissue. 
The pleomorphic pattern is a highly undifferentiated, wildly 
anaplastic lesion, readily confused with a variety of other 
poorly differentiated mesenchymal sarcomas. Paradoxically, 
the cells in the pleomorphic variant may contain little or no 
fatty vacuolation, and thus some pleomorphic liposarcomas 
may represent, in final analysis, malignant neoplasms arising 
from relatively primitive mesenchymal cells. 


The clinical behavior of liposarcomas is as varied as 
their histology. The well-differentiated and myxoid lip- 
osarcomas are usually locally invasive and may stub- 
bornly recur following incomplete excision, but they 
rarely metastasize. Occasionally the recurrences are 
delayed for as long as years or even decades. In contrast, 
round cell and pleomorphic patterns may be highly 
aggressive lesions, with widespread metastases as well 


as local recurrence, with a five-year survival rate of less 
than 20%. 


LEIOMYOMA AND LEIOMYOSARCOMA 


Tumors composed of smooth muscle cells range 
from the clearly benign leiomyoma to anaplastic leio- 
myosarcomas. Intermediate variants have been segre- 
gated into a group called “smooth muscle tumors of 


Figure 7-9. Myxoid liposarcoma with abundant ground substance 
in which are scattered adult-appearing fat cells and more primitive 
cells, some containing small lipid vacuoles. 


274 


Tumors Common to All Organs 


uncertain malignant potential.” In addition, one distinc- 
tive variant that arises most often in the gastrointestinal 
tract is called an “epithelioid smooth muscle tumor” or 
“leiomyoblastoma.” Leiomyomas and leiomyosarcomas 
are found most often in the uterus, and indeed the 
leiomyoma is the most frequent tumor in women. Rarely 
these smooth muscle tumors take origin from the mus- 
cularis of the gut or the media of blood vessels, and 
thus may occur in any organ or tissue of the body. 
Because of the locations in which they are preponderant, 
the leiomyoma and cellular leiomyomas are described 
on page 1136, the leiomyoblastoma on page 827, and 
the leiomyosarcoma on page 1140. It suffices to note 
here that the benign and intermediate lesions are gen- 
erally discrete, albeit not encapsulated tumors that 
sometimes achieve extremely large size (15 to 20 cm in 
diameter). Even leiomyosarcomas may appear decep- 
tively encapsulated, but occasionally they display their 
true nature by obvious aggressive, infiltrative growth. 
The leiomyomas and leiomyoblastomas are firm and 
pearly gray to white on transection, and so must be 
differentiated on both gross and microscopic levels from 
fibromas and neurofibromas. The leiomyosarcoma has 
the typical soft, fish-flesh appearance, often punctuated 
by areas of hemorrhage, necrosis, and cystic degenera- 
tion, requiring differentiation from the fibrosarcoma. 


BENIGN AND MALIGNANT MESENCHYMOMA 


These very rare lesions, composed of two or more 
mesenchymal elements in addition to fibrous tissue, are 
perhaps better characterized by the term “mixed me- 
senchymal tumors.” The benign variant is most often 
located in or about the kidney and is composed of a 
haphazard mixture of adult fat, fibrous tissues, and 
tangled blood vessels through which are scattered nests 
or masses of smooth muscle cells. Occasionally there 
are islands of cartilage, bone, and lymphoid tissue as 
well as other mesenchymal elements. Because all are 
extremely mature, these lesions have been interpreted 
by some as hamartomas (p. 497) rather than neoplasms. 

Requisite for the diagnosis of malignant mesenchy- 
moma are at least two or, more rigorously, three can- 
cerous mesenchymal elements within the neoplasm. 
Since fibroblastic cells are universally present in all 
neoplasms, particularly those of mesenchymal origin, 
areas of fibrosarcoma are not accepted by most experts 
as evidence of variable differentiation. Thus, a liposar- 
coma or a leiomyosarcoma containing areas of fibrosar- 
coma would not justify the designation “malignant me- 
senchymoma, which is best restricted to neoplasms 
having at least three of the following elements—leio- 
myosarcoma, myxosarcoma, liposarcoma, chondrosar- 
coma, osteogenic sarcoma, and hemangioendothelio- 
sarcoma. These cancers may arise anywhere in the body, 
but are most often found in the extremities and retro- 
péritoneum. Both adults and children may be affected. 
Aggressive infiltrative neoplasms, they occasionally me- 
tastasize and are directly responsible for death in over 
50% of adults and about 40% of children. 
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INTRODUCTION 


Ever since Pandora opened her mythical box, in- 
fectious diseases have plagued humanity, evolving with 
changing life conditions and population expansion. In- 
digenous cultures in equilibrium with their endemic 
infectious diseases have been devastated by contact with 
infections of modern civilization; indeed, more Ameri- 
can Indians may have died of measles than of the white 
man’s bullets.! As urban populations expanded, insani- 
tary crowding invited the great medieval pandemics of 


plague and cholera, which now persist only in localized 


pockets. Even today, societies in densely populated 
developing countries are prey to tuberculosis, leprosy, 


malaria, filariasis, and schistosomiasis. Smallpox alone 
is back in Pandora’s box, thanks to the only whole- 
hearted international preventive campaign ever under- 
taken. 

Medical practices too have altered the panorama of 
infectious diseases. Since Jenner’s time, vaccines have 
curbed many infections including diphtheria, whooping 
cough, paralytic poliomyelitis, and measles. Since the 
discovery of penicillin by Fleming, generations of new 
antibiotics and microbicidal drugs have radically 
changed the prevalence and course of most infectious 
diseases so that they now rarely appear in their classical 
forms. Yet for some, especially many viral infections, 
we still lack adequate prevention and treatment. Even 
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preventable infectious disorders keep festering amid 
urban and rural squalor and during war and famine. 
Neither affluence nor improved medical technology 
have curbed the spread of venereal infections. In fact, 
medical technology itself is responsible for a new cate- 
gory of microbial diseases called “opportunistic infec- 
tions.” “Altered hosts” who receive cytotoxic and im- 
munosuppressive therapy for tumors and _ tissue 
transplants become vulnerable to infections that are 
usually innocuous or dormant in normal adults. Invasive 
hospital procedures such as intubation, catheterization, 
or prosthetic implantation have provided new opportun- 
ities for such infections to gain entry.’ 

Bacteria are masters of genetic engineering, which 
they use to ensure their diversity and selective survival. 
Antibiotics have magnified selection pressures and, 
when given in subcurative doses, favor the emergence 
of resistant clones that can ignite dangerous hospital 
epidemics.* “New diseases” appear from time to time. 
Venereal syphilis was unknown before the siege of 
Naples in 1494. Legionnaires’ disease made its debut in 
Philadelphia in 1976; its causative agent has now been 
recognized as a member of an entirely new class of 
bacterial pathogens. At the time of this writing, an 
epidemic of “acquired immune deficiency syndrome’ 
(AIDS) is being reported.* 

In this age of international travel and vast popula- 
tion displacements, diseases are “exotic” only to the eye 
of the beholder, and the global view of infectious 
diseases is amply justified. For convenience, geograph- 
ically restricted diseases, including those in the U.S., 
are marked by an asterisk in this chapter. Some, how- 
ever, will increasingly appear outside their known pe- 
rimeters as global distances keep shrinking; others illus- 
trate important pathogenic mechanisms and_ have 
therefore been referred to briefly, as necessary. 

Infectious diseases are the consequence of host- 
parasite interactions, and we shall first review the 
principles involved, together with the contributions of 
microbiology and immunology. 


FACTORS RELATING TO PARASITE 


Cooperation between microorganisms and higher 
phyla is the rule; disease is the exception.* No animal 
is free of smaller life except when reared as a germ-free 
laboratory artifact. Normal humans would be at risk of 
a vitamin K deficiency without their gut flora, which 
synthesize this essential nutrient. We are blissfully 
unaware of the Dermatonyssus mites that scavenge our 
hair follicles. Relationships that benefit both host and 
fellow passenger are termed symbiotic. Commensals 
share the host's food intake. Saprophytes harmlessly 
thrive on human excreta. True parasites are those that 
interfere with the host’s integrity and function, and the 
degree of such interference is a measure of their viru- 
lence or pathogenicity and of the adaptation of the host. 
Long-standing human parasites tend to cause milder 
disease than those newly introduced, perhaps because 


sustained coexistence within a single host best subserves 
the perpetuation of the parasite—‘‘selfish genes. ” 

Human parasites belong to many plant and animal 
phyla, and range in size from the 20-nm poliovirus to 
the 10-m tapeworm Taenia saginata. Most are “mi- 
crobes,’ i.e., ate inicroscopic in size. Biochemically, 
the smallest viruses code for only three polypeptides, 
while the molecular complexity of helminths almost 
equals that of man. Speed of genetic variation depends 
on reproductive rate rather than size, and therefore 
fast-multiplying agents are better able to stay ahead of 
their host’s defensive maneuvers. Some _ infectious 
organisms are invariably pathogenic for humans and 
their recovery in culture always signifies disease. Others 
must be regarded as facultative pathogens capable of 
either colonization, invasion, or both in succession; 
positive cultures of such organisms must therefore be 
interpreted cautiously, especially if the lesions in the 
host are incompatible with the particular agent found. 
The fungus Candida albicans offers a prime example. 
This organism is found in the oral cavity, gastrointestinal 
tract, and vagina of many normal individuals. Only in 
the predisposed host is it capable of producing oppor- 
tunistic infections. With present-day methods of per- 
petuating life, the list and diversity of facultative human 
pathogens keeps expanding, and few organisms coloniz- 
ing humans can any longer be regarded as categorically 
innocuous. 

Parasites vary with regard to the tissue and cellular 
microenvironment best suited to their survival and 
reproduction. For some, the skin provides the optimal 
habitat; for others, a mucosal surface; and for still others, 
the internal environment of the host. Some organisms 
are extracellular parasites and reproduce only outside 
of cells, but in this environment are vulnerable to 
phagocytosis. Other obligate intracellular parasites re- 
quire an intracellular microenvironment or must repli- 
cate in the nucleus of the host cell, as is the case with 
some viruses. Some parasites can reproduce only within 
specific cell types or cellular organelles, which they 
seek out within the host. Still other organisms are 
facultative intracellular parasites that can survive and 
reproduce either outside of or within cells (Table 8-1). 
The ability of microorganisms to convert from one state 
or habitat to another must always be kept in mind. 
Indeed, the higher parasite phyla have complex life 
cycles and must pass through alternate forms and hosts 
or environmental niches, in order to infect man. 

Many biomechanisms underlie the tendency of 
organisms to seek and colonize specific host tissues or 
cells; this is referred to as tropism, and is most highly 
developed among the obligate intracellular parasites. It 
seems likely that receptor-ligand interactions, thus far 
demonstrated in only a few cases, eventually will clarify 
the exquisite specificities of certain viruses such as rabies 
or poliomyelitis for the central nervous system (neuro- 
tropism), as well as certain bacterial specificities like 
that of gonococcal pili for mucosal cells (Fig. 8—1).® 
Parasite entry into host cells can be passive (i.e., by 
phagocytosis, pinocytosis, or membrane fusion (as with 


Table 8—1. CLASSES OF HUMAN ENDOPARASITES AND THEIR HABITATS 


Taxonomic Class Size Site of Propagation 
Viruses 20-30 nm Obl. intracellular 
Chlamydiae 200-1000 nm Obl. intracellular 
Rickettsiae 300-1200 nm Obl. intracellular 
Mycoplasmas 125-350 nm Extracellular* 
Bacteria, spirochetes, 0.8-15 pm Cutaneous 

mycobacteria 

Mucosal 
Extracellular 
Fac. intracellular 
Fungi Imperfecti 2-200 wm Cutaneous 
Mucosal 
Extracellular 
Fac. Intracellular 
Protozoa 1-50 mm Mucosal 
Extracellular 
Fac. intracellular 
Obl. intracellular 
Helminths 3 mm-10 m Mucosal 
Extracellular 
Intracellular 
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Sample Species and Its Disease 


Poliovirus 

C. trachomatis 
R. prowazekii 
M. pneumoniae 


Staphylococcus 
epidermidis” 
Vibrio cholerae 
Streptococcus 
pneumoniae 
Mycobacterium 
tuberculosis 


Tinea pedis 
Candida albicans* 


Sporothrix schenkii 
Histoplasma capsulatum 


Giardia lamblia 


Trypanosoma gambiense | 


Trypanosoma cruzi” 
Leishmania donovani 


Enterobius vermicularis 
Wuchereria bancrofti 
Trichinella spiralis* 


Poliomyelitis 
Trachoma 

Typhus fever 
Atypical pneumonia 
Wound infection 


Cholera 
Pneumonia 


Tuberculosis 


Athlete’s foot 
Oral thrush 
Sporotrichosis 
Histoplasmosis 


Giardiasis 
Sleeping sickness 
Chagas’ disease 
Kala-azar 


Oxyuriasis 
Filariasis 
Trichinosis 


* = Has alternate life stage, habitat, or disease form, described in text; Obl. = obligate; Fac. = facultative. 


coated viruses)) or active and energy-requiring (as with 
rickettsiae or protozoa). 


TRANSMISSION OF INFECTIOUS AGENTS 


Organisms causing infectious disease may be trans- 
mitted to vulnerable hosts through a variety of pathways: 

1. Direct spread by contact or airborne particles 
from sick individuals to healthy hosts is characteristic of 
contagious infection such as childhood measles or chick- 
enpox. Such spread may result in epidemics. In some 
instances, short- or long-term asymptomatic carriers or 
shedders act as human reservoirs. 

2. Spread may also occur by way of contaminated 
water, food, or soil from human or environmental 
reservoirs. The proverbial “Typhoid Mary,” carrying 
typhoid bacilli in her gallbladder and stool, constituted 
such a human reservoir. Legionella may be disseminated 
from water tanks or cooling devices in which conditions 
for the proliferation of this bacterium are favorable. 
Naegleria fowleri, an ameboflagellate living in over- 
grown summer ponds, is an example of a free-living 
organism that can produce lethal meningoencephalitis 
in young healthy divers by penetrating the cribriform 
plate of the nasal roof.’ 

3. Infections can be acquired prenatally, passed 
from mother to fetus via the placenta, or perinatally, 
transmitted during or shortly after delivery. 

4. Infections transmitted to humans from an animal 
host or reservoir are termed zoonotic. This occurs with 
all classes of parasites from viruses (e.g., equine en- 
cephalitis) to helminths (e.g., the pig roundworm, Tri- 


chinella). Zoonotic infections can be more or less path- 
ogenic for humans than for their normal animal hosts. 
Some bat species harbor the lethal rabies virus with 
relative impunity, while the cowpox virus, causing dis- 
ease in its natural host, is innocuous enough for man to 
serve as a vaccine against smallpox. 

In sum, transmission of infection involves a number 
of factors including parasite biology, vector competence, 
human behavior, and environmental conditions. Epi- 
demiologic science analyzes all these factors in the hope 


Figure 8-1. Gonococci with pili (as seen by scanning electron 
microscopy). (Courtesy of Dr. Nicholas Guerina, Department of 
Pathology, Brigham and Women’s Hospital.) 
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of devising methods of preventing disease transmission, 
still by far the best way of controlling human infections.°® 


INFECTIOUS DISEASES 


FACTORS RELATING TO HOST 


Fortunately there are many host barriers to infec- 
tion that prevent access of parasites to their required 
environment or, failing that, can suppress infection or 
curtail its spread. These barriers and defenses take many 
forms, including (1) the intact integument and mucosal 
surfaces and secretions; (2) phagocytic white cells that 
are promptly marshaled to sites of entry; (3) the resident 
mononuclear-phagocyte (reticuloendothelial) system 
that effectively polices the internal environment for 
errant organisms; and (4) the all-important immune 
system. Phagocytosis (p. 49) and immunity (p. 158) have 
already been discussed. Overall, normal human barriers 
to infection are quite effective considering the ample 
opportunity that microbes have to consort with man. 
Only four of each ten exposures to gonococci actually 
result in gonorrhea, and it takes 10° vibrios, when 
ingested by human volunteers with normal gastric 
juices, to produce cholera.? However, normal barriers 
do occasionally fail, as is evident by the frequency of 
infectious disease. 

The route by which infection enters may be (1) 
respiratory; (2) oral-fecal; (3) transmucosal; or (4) trans- 
cutaneous, usually aided by trauma, arthropod vectors, 
needles, or other contaminated devices. Most human 
pathogens follow a preferential route, but this does not 
preclude other possible entry sites. For instance, the 
bulk of tuberculous infections arise by droplet aspira- 
tion, but some may begin through the swallowing of 
infected milk or contaminated skin puncture. Moreover, 
the site of entry does not necessarily conform to the 
site of disease. The best example is the tropism of many 
viruses. The polioviruses first insensibly replicate in 
permissive host cells along the GI tract, but then exert 
their destructive effects on neuronal targets, the anterior 
horn cells of the spinal cord. The tetanus bacilli may be 
confined to an inconspicuous contaminated skin wound 
while their toxin disrupts axonal transmission in the 
spinal cord. Usually, however, infection and disease 
localize and spread together. 


HOST-PARASITE RELATIONSHIPS 


Whether exposure to an infectious organism will 
result in disease is determined by the virulence (or 
pathogenicity) of the invader and by the resistance of 
the host. Although infection and infectious disease are 
words often used interchangeably, they are not synon- 
ymous. Thus, the ability of an organism to establish 
itself in a given host is termed its infectivity, and its 
disease-producing potential is referred to as virulence. 
The terms resistance and virulence are broad generali- 
zations based on the complex host-parasite interplay 
that takes place at the molecular level. High virulence 


implies the capability of causing disease in normally 
resistant people, i.e., in the majority of an exposed 
population. Low virulence denotes an agent effective 
only in hosts with low resistance, such as an opportun- 
istic agent causing disease in hosts with impaired defense 
mechanisms, particularly impaired immune responses. 

The multiple parasite properties and products that, 
in their composite, determine virulence are only partly 
known; because of their variety and complexity they 
will be discussed as each microbial class is introduced 
below. Host resistance, too, is clearly multifactorial, 
based on genetics, anatomy, and physiology as well as 
on the functions of the immune system. Thus, poor 
circulatory or ventilatory status, debilitating systemic 
disease, or localized organ impairments can be equally 
predisposing to infectious disease as the better-known 
defects of phagocyte or immune function; several resis- 
tance factors can be simultaneously impaired in malnu- 
trition, alcoholism, diabetes, and chronic hepatic or 
renal failure. 

The concept of pathogenicity involves all the follow- 
ing: 

1. The ability to establish infection and reproduce 
inside a host by overcoming normal defenses or by 
taking advantage of defective host barriers. 

2. The generation of products such as endotoxins, 
exotoxins, lytic enzymes, and other substances that 
directly damage host tissue beyond its normal repair 
capacity. 

3. The induction of host-cellular responses that, 
although directed against the invader, may cause addi- 
tional host damage. Thus, the immune response to the 
hepatitis viruses mediates the destruction of liver cells 
harboring viral or viral-directed antigens. Closely re- 
lated is the phenomenon of cross reaction between 
microorganisms (nonself antigens) and self antigens, 
which constitutes a possible mechanism of the induction 
of autoimmune diseases (p. 179). 

In the microbiologists’ view, pathogenicity is linked 
to specific virulence factors such as the phage-induced 
exotoxin of Corynebacterium diphtheriae without which 
this organism acts as a commensal. To the cell biologist 
and immunologist, host resistance is paramount. For 
example, during an epidemic of meningococcal infec- 
tion, some contacts develop meningitis, but others carry 
the meningococcus in their nasal secretions for weeks 
without ill effect. Similarly, infections with herpes sim- 
plex virus I are common and may remain indefinitely 
dormant, detectable only by antibody titer. However, 
such infections may episodically generate fever blisters 
or, in predisposed individuals such as the immunosup- 
pressed, may cause lethal pneumonia or encephalitis 
(p. 285). 

Once introduced, pathogens may stay confined to 
their entry site or, if motile or reproducing beyond the 
capacity of host defenses to contain them, will spread, 
sometimes throughout the body. The routes of spread 
initially follow tissue planes of least resistance and the 
regional lymphatic and vascular anatomy. Thus, the 
virulent nonselective staphylococci may first induce a 


locally expanding skin abscess (furuncle). Depending on 
virulence and host resistance, this local infection may 
then lead to regional lymphangitis and lymphadenitis, 
followed by bacteremia (blood-borne infection) and col- 
onization of distant organs. In the case of other, more 
fastidious pathogens, tropism determines the primary 
sites of tissue damage. Once a portal of entry has been 
gained, there is always the potential for spread to other 
sites. Transient viremia, bacteremia, or parasitemia is 
common during the early stages of apparently localized 
infections, but it is usually curtailed as host leukocytic 
and immune responses come into play. When these are 
defective in an altered host or when the invader is 
highly virulent, spread will ensue. Major, sustained 
bloodstream invasion is obviously a feared consequence 
of any infection and is often fatal. 


HOST TISSUE RESPONSES TO INFECTION 


In contrast to the almost unlimited molecular di- 
versity of parasites, human cell types and their patterns 
of response are limited, as are the mediator mechanisms 
directing these responses. At the microscopic level, 
therefore, many pathogens evoke identical reaction pat- 
terns, and few of the features are unique to or pathog- 
nomonic of each agent. 

Broadly speaking, there are five microscopic pat- 
terns of reaction: 

1. Exudative inflammation. This is the familiar 
reaction to acute tissue damage described in Chapter 2, 
with increased vascular permeability and leukotaxis, 
predominantly of neutrophils. Massing of neutrophils 
results in the formation of pus. The rapidly dividing 
organisms that evoke this response, many of them 
bacteria of extracellular habit, are called “pyogenic.” 
The chronic or healing phase of this pattern is often 
termed “nonspecific chronic inflammation.” 

2. Necrotizing inflammation. When tissue damage 
is initially severe, as in the case of highly virulent or 
toxic microorganisms, cell death can become the domi- 
nant feature, with relatively few reactive exudative 
components. These lesions may come to resemble is- 
chemic necrosis. This reaction is also prone to appear 
when opportunistic pathogens acutely infect a host 
lacking cellular defenses. 

3. Granulomatous inflammation. This pattern, 
dominated by aggregates of mononuclear phagocytes, is 
usually evoked by relatively slow-dividing infectious 
agents and by those of relatively large size, unmanage- 
able by neutrophils alone; it is also common among the 
facultative intracellular organisms. Granulomas are 
among the more distinctive microscopic lesions and 
therefore suggest certain specific agents as their likely 
cause (p. 343). 

4. Interstitial inflammation. Diffuse, predomi- 
nantly mononuclear interstitial infiltration is a common 
feature of all chronic inflammatory processes, but when 
it occurs acutely and in pure form, it is often a response 
to a viral agent. It also may arise in other infections that 
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stimulate intense lymphocytic reactions, as in early 
treponemal diseases. This histologic pattern is often 
quite difficult to interpret in terms of its possible cause. 

5. Cytopathic-cytoproliferative inflammation. When 
cell damage of a distinctive type precedes cell destruc- 
tion, it may initiate cell replication and the formation of 
inclusion bodies or polykaryons. Such a reaction sug- 
gests an obligate intracellular parasite, usually a virus, 
even when the stromal inflammatory activity is relatively 
minor. 

The above patterns of tissue reaction are useful as 
working tools in analyzing microscopic featutes of infec- 
tive processes, but they rarely appear in pure form 
because they frequently overlap. More important, they 
are not exclusively due to infectious processes, but can 
also be seen in tissue responses to physicochemical 
agents or in inflammatory diseases of unknown etiology. 
Their most useful role is that of complementing a 
patient's clinical and microbiologic findings. If all three 
sets of observations are mutually compatible, diagnosis 
is assured; if not, the evidence must be reviewed for 
possible error or artefact. Histopathologic diagnosis, 
therefore, plays an important role in deciphering the 
nature of an infectious disease. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


VIRAL DISEASES 


Viruses are obligate intracellular parasites whose 
effects on host cells range from lytic destruction, with 
fast viral replication, to mutual integration, with long- 
term persistence of the infection. Induction of neoplastic 
cell transformation (p. 243) is yet another consequence 
of viral infection in animals, but yet to be proved in 
humans. Specific cell membrane proteins or lipids are 
the attachment sites or receptors for viruses that deter- 
mine their host range and tropisms. Viral cell entry is 
usually analogous to that of hormones or other ligands. 
Once firmly bound, they enter coated pits to be trans- 
ferred into cytoplasmic vacuoles (pH 5.0) named endo- 
somes. Some viruses fuse with endosome membranes 
and release their nucleocapsid into the cytosol (influenza 
virus); others delay this process until their carrier en- 
dosome fuses with the nuclear membrane (polyoma 
virus) or with other organelles. Some, like the Sendai 
virus, enter host cells directly by fusing their coat with 
the plasma membrane.” 

Infection of target cells commonly results in “lytic 
viral infection” followed by viremia. The dissemination 
of viral particles through the blood is generally brief 
and abates’ as neutralizing host antibody rises. Direct 
cell-to-cell spread is also important and can be promoted 
by viral gene products that induce host cell fusions, 
observable as multinucleate cells or “polykaryons.’”» New 
antigens or viral “neoantigens” may appear in the host 
cell plasma membrane. In lytic viral infection the cel- 
lular host is directed to produce large numbers of 
progeny virus. Some viral gene products inhibit the 
host cell’s own metabolic pathways, such as the sigma- 
3 protein of. the reovirus, an ADP-ribosy] transferase 
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that blocks polypeptide assembly on host cell ribo- 
somes.!! Others utilize the substrates and enzymes of 
host cells for their own reproduction, and direct host 
ribosomes and Golgi systems to manufacture viral pro- 
teins and glycoproteins while host DNA polymerases 
are spurred to replicate viral genome. In addition, 
viruses may alter cytoskeletal components such as vi- 
mentin.'? These subversive viral activities result in 
changes in cell shape and staining, visible as “cytopathic 
effects.” When seen in tissue or culture, these abnor- 
malities (such as viral inclusions) are often distinctive 
of specific viruses. Inclusions can be intranuclear, intra- 
cytoplasmic, or both; they represent either collections 
of virions (adenovirus) or altered cell products and dead 
virions (herpesvirus). Some inclusions are diagnostically 
useful, as in smallpox or herpesvirus infection, but it 
should be noted that similar inclusions can have non- 
viral causes. Conversely, in many important viral infec- 
tions inclusion bodies do not occur and their absence, 
therefore, does not preclude a viral etiology. Immuno- 
fluorescent methods for viral antigens, tissue culture, 
and serology must often be used to establish the specific 
viral etiology. 

Instead of inducing cell lysis, viruses can persist in 
cells to establish long-term latency. The basis for this 
relationship is poorly understood. One mechanism ap- 
pears to be the ability to lyse the primary phagosome 
membrane of macrophages and thus escape into the 
cytosol (vaccinia virus). Other viruses develop a close 
integrative association with the host cell nucleus or 
cellular organelles. Thus, herpes zoster—varicella virus 
can be cultured from spinal and trigeminal ganglia in 
many symptomless carriers.’* In other latent viral infec- 
tions and with the so-called “slow viruses” (causing 
lethal neurologic disease, see p. 1385), the site and form 
of their long-term latency is not known. However, 
dormant infections can be reactivated, particularly when 
host defenses are modified, as exemplified by herpes 
relapse following even trivial events such as ultraviolet 
light exposure, emotional stress, or menstruation. 

Neutralizing antibodies are important for host de- 
fense during viremia, especially by arboviruses and 
enteroviruses, but are not effective against cell-to-cell 
or axonal virus propagation. Cell-mediated immunity is 
the main host defense. Involved are: (1) natural killer 
cells that detect and destroy virus-infected host cells: 
(2) activated macrophages that serve as both virus killers 
and cell scavengers; and (3) cytotoxic T cells activated 
by helper T cells, which must recognize both viral 
neoantigens and HLA gene products for specific cell 
lysis.'* Contributing greatly to the immune response are 
interferons, which either directly inhibit viral intracel- 
lular multiplication or enhance cell-mediated responses. 
Indeed, interferons are the fastest acting antiviral de- 
fense mechanism known, but are more effective in early 
than in established disease.'* The critical importance of 
the immune response in defense against viral disease is 
clearly documented by the effects of immunoincompe- 
tence, particularly of T-cell function. Children with the 
Wiskott-Aldrich syndrome (p. 208), having a deficiency 


of cell-mediated immunity, fail to develop a typical 
measles rash and instead may die of giant cell pneu- 
monia. Drug-immunosuppressed patients infected with 
measles may develop subacute sclerosing panencepha- 
litis (p. 000) even while generating high specific antibody 
titers. Thus, an intact T-cell system is the major defense 
against viral disease. However, it is sometimes a two- 
edged sword. Mice prenatally infected with lymphocytic 
choriomeningitis are tolerant to this virus and, despite 
life-long infection, do not develop disedse. When sen- 
sitized T lymphocytes from postnatally infected mice 
are adoptively transferred to these recipients, tolerance 
is broken and lethal meningoencephalitis ensues. By 
analogy, it is thought that the severity of acute viral 
hepatitis relates to the adequacy of the immune re- 
sponse. In most normal individuals with an adequate 
immune reaction, hepatocytes containing viral antigens 
are destroyed, accounting for the acute hepatic disease. 
By contrast, in the absence of an adequate immune 
response, there is no acute disease but instead the 
development of an asymptomatic carrier state. '® 

Our current understanding of the pathogenesis of 
viral lesions is insufficient to relate the genetic and 
biochemical characteristics of each species to the human 
disease it causes. Both the measles paramyxovirus and 
a togavirus causing German measles produce similar 
erythematous skin rashes; conversely, a single herpes 
virus—the cytomegalovirus—causes divergent clinical 
syndromes in newborns, in adults, and in immunosup- 
pressed patients. Table 8-2 attempts to list currently 
known significant human pathogens by predominant 
disease presentation, rather than by microbiologic cri- 
teria. It should be kept in mind that viral diseases are, 
by definition, systemic infections, and if severe can 
result in multiorgan and multisystem lesions. In all sites 
of involvement, virus infections evoke inflammatory 
infiltrates composed principally of lymphocytes and 
macrophages. Frequently this reaction is found within 
the interstitium; however, with severe disease paren- 
chymatous cells may also be destroyed, calling forth a 
neutrophilic infiltration. In active viral infections, the 
sheer bulk and dispersion of these leukocytic infiltrates 
may affect vital functions of the neural or cardiac con- 
duction systems. 


VIRAL RESPIRATORY DISORDERS 


Viral respiratory disorders are caused by many 
species and serotypes (Table 8-2). They are the most 
frequent and least preventable of all human infectious 
diseases, and range in severity from the discomforting 
but self-limited common cold to life-threatening pneu- 
monia, seen most often in debilitated, hospitalized, or 
immunosuppressed individuals. Moreover, viral infec- 
tions of the lung predispose to bacterial superinfection; 
the rare cases of lethal bacterial pneumonia that origi- 
nate outside hospitals are usually preceded by a respi- 
ratory viral prodrome. The basis of this viral-induced 
predisposition is not well understood but may involve 


breakdown of local host barriers, bronchial obstruction, 
and impairment of phagocyte competence. 

Many agents are capable of causing respiratory 
disease, ranging from upper respiratory tract infections 
(URIs) such as rhinitis, sinusitis, otitis media, pharyn- 
gitis, or tonsillitis to lower respiratory infections (LRIs) 
named, as one descends the respiratory tree, laryngo- 
tracheobronchitis, bronchiolitis, interstitial pneumonia, 
and pleuritis. Each viral species may produce one or 
more of these patterns of disease. Coxsackie viruses are 
especially versatile: besides nonspecific URIs, certain A 
strains cause herpangina, a blistering inflammation of 
the pharynx that must be differentiated from herpes or 
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measles, and the mysterious hand-foot-and-mouth dis- 
ease. Coxsackie B viruses can cause pleuritis (pleuro- 
dynia), myocarditis,. or the Guillain-Barré syndrome, 
and have been implicated in the possible causation of 
insulin-dependent. diabetes mellitus.!’ Echoviruses 
characteristically produce a pharyngitis with a macular 
or petechial skin rash, and can also induce myocarditis. 
Types A, B, and C influenza viruses are the dominating 
causes of lower respiratory infection marked by fever, 
myalgias, and headaches (the flu syndromes), but extra- 
pulmonary complications may appear or even be lethal, 
as, for example, interstitial myocarditis or Reye's syn- 
drome (p. 941) following aspirin therapy.'® Rhinoviruses 


Table 8—2. VIRAL DISEASES AND THEIR PATHOGENS 


Predominant Clinical Family 
Presentation Viral Species of Viruses Genomic Typet Disease Expression 
Respiratory Adeno Adeno DS DNA Upper, lower respiratory 
infection, conjunctivitis. 
Echo Entero* SS RNA Pharyngitis, skin rash, URIs 
Rhino Rhino* SS RNA Upper respiratory infection 
Coxsackie Entero* SS RNA Pleurodynia, herpangina, hand- 
foot-and mouth disease 
Influenza Orthomyxo SS RNA Influenza 
Parainfluenza Paramyxo SS RNA Lower respiratory infection 
Respiratory syncytial Paramyxo SS RNA Bronchiolitis . 
Digestive 
Salivary gland Mumps Paramyxo SS RNA Mumps, pancreatitis, orchitis 
Intestine Rota REO DS RNAt Childhood diarrhea 
Parvo Parvo SS DNA Traveler's diarrhea 
Liver Dane particle Hepato SS DNA Hepatitis B 
Hepatitis A Picorna DS, SS, DNA Hepatitis A 
Uncharacterized —_— — Non-A, non-B hepatitis 
agents 
Epidermal-Epithelial 
Warty growths Verruca Papova DS DNA Common wart 
Papilloma Papova DS DNA Venereal wart 
Molluscum Pox DS DNAt Molluscum contagiosum 
Exanthemas Rubeola Paramyxo SS DNA Measles 
Rubella Toga SS DNA German measles 
Vesicular eruptions Small pox Pox DS DNAt Smallpox 
| Cowpox Pox DS DNAt Vaccinia 
Varicella-zoster Herpes DS DNA Chickenpox, shingles 
(HZV) 
Simplex | (HSV 1) Herpes DS DNA Fever blisters 
Simplex {| (HSV II) Herpes DS DNA Genital herpes 
Hemolymphopoietic Cytomegalo (CMV) Herpes DS DNA Cytomegalic inclusion disease 
Epstein-Barr (EBV) Herpes DS DNA Infectious mononucleosis 
CNS (excluding Polio Entero* SS RNA Poliomyelitis 
systemic and arbovirus Rabies Rhabdo SS RNAt Rabies (hydrophobia) 
infections) JC- Papova DS DNA Progressive multifocal 
leukoencephalopathy 
Arthropod-borne 
Hemorrhagic fevers Dengue Toga SS RNA Dengue, dengue hemorrhagic 
(partial listing) fever 
Yellow fever Toga SS RNA Yellow fever 
Regional Arena SS RNA Bolivian, Argentinian, Lassa 
hemorrhagic fevers fever 
Bunya SS RNA Crimean hemorrhagic fever 
Unknown — Korean, Marburg disease 
Encephalitides Toga SS RNA Eastern, Western, Venezuelan 
equine, St. Louis, California, 
Japanese B encephalitis 
Uncertain Reo DS RNAt 
Pathogenicity Corona SS RNAt 
Retro SS RNAt Human T-cell leukemia 


* = Subclass of Picornaviridae (SS RNA); tSS = single-stranded, DS = double-stranded; + = has transcriptase. 
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are the major causes of the all-too-common cold. Res- 
piratory syncytial viruses and parainfluenza viruses are 
especially important in infants and children, and can 
produce lethal bronchiolitis (croup) or pneumonia. Ad- 
enoviruses (31 known serotypes) can cause severe spo- 
radic pneumonia, but are more frequently responsible 
for milder URI outbreaks. Some adenovirus serotypes 
cause pharyngoconjunctival fever (febrile pharyngitis 
with unilateral conjunctivitis); serotype B causes alarm- 
ing epidemics of bilateral hemorrhagic keratoconjuncti- 
vitis without respiratory symptoms. Still other adeno- 
viruses have been isolated during a whooping cough— 
like syndrome. 

All these respiratory agents are contagious and are 
acquired largely by the respiratory route from a sick, 
incubating, or convalescing individual. An asymptomatic 
adenovirus carrier state is known among children. For 
all the agents the incubation time is generally brief, 
sometimes less than 24 hours. 


INFECTIOUS DISEASES 


MORPHOLOGY. The morphologic changes vary for each 
level of the respiratory tract affected. URIs are marked by 
mucosal hyperemia and swelling, with a nonspecific but 
predominantly lymphomonocytic and plasmocytic infiltration 
of the submucosa accompanied by overproduction of mu- 
cous secretions. The swollen mucosa and viscid exudate 
may plug the nasal channels, sinuses, or eustachian tubes 
and lead to suppurative secondary bacterial infection. Viral- 
induced tonsillitis with enlargement of the lymphoid tissue 
within Waldeyer’s ring is more characteristic of the young. 
Histologically, there is lymphoid hyperplasia, usually unas- 
sociated with suppuration or abscess formation such as is 
encountered with streptococci or staphylococci, but bacterial 
superinfection may transform the picture. 

Laryngotracheobronchitis and bronchiolitis often 
accompanying the common “chest cold” are characterized 
by vocal cord swelling, abundant mucous exudation, and 
mucosal changes analogous to those encountered in the 
URI. Impairment of bronchociliary function invites bacterial 
superinfection with more marked suppuration. Plugging of 
small airways may give rise to focal lung atelectasis. In the 
more severe bronchiolar involvements, widespread plugging 
of secondary and terminal airways by cell debris, fibrin, and 
inflammatory exudate may, when prolonged, invite organi- 
zation and fibrosis giving rise to so-called viral obliterative 
bronchiolitis and to permanent lung damage. 

Viral pneumonias, like bacterial pneumonias, take a 
variety of anatomic forms. They may be patchy or dissemi- 
nated, interstitial or consolidated, compatible with restoration 
of normal structure or responsible for permanent damage. 
In early and milder expressions of viral pneumonia, the 
involvement is patchy and restricted to an interstitial inflam- 
matory reaction, with edema and mononuclear infiltration of 
the alveolar septa. The air spaces remain clear save for 
scattered alveolar macrophages—“‘interstitial pneu- 
monia.” The radiographic or clinical findings are not char- 
acteristic and may also be produced by Mycoplasma pneu- 
moniae. With progression or in more severe involvements, 
the septal thickening and inflammatory infiltrate become 
more marked, and type II pneumonocytes round up and 
desquamate into the alveolar spaces. Leakage of fibrinogen 
may disrupt the lining epithelial cells with the formation of 
hyaline membranes layering the septal walls (Fig. 8-2). 
These changes resemble those of the adult respiratory 


Figure 8—2. Interstitial type of viral pneumonia: thickened, infiltrated 
septa; hyaline membranes; pneumonocyte desquamation; and syn- 
cytium formation. 


distress syndrome (diffuse alveolar damage, p. 714). In 
severe, fulminating, influenzal viral pneumonia, widespread 
fibrinohemorrhagic alveolar consolidation is superimposed 
on the changes described. In many instances, however, the 
consolidative changes reflect bacterial superinfection. Those 
viruses that have the power to cause necrosis (e.g., the 
adenovirus and herpesvirus families) can evoke neutrophilic 
responses indistinguishable from bacterial superinfection. In 
the usual case, in the absence of parenchymal necrosis, the 
changes are entirely reversible, with restoration of the normal 
architecture. However, with protracted involvement or when 
there have been areas of necrosis, the inflammatory changes 
give way to interstitial fibrosis and organization of alveolar 
plugs that fuse with the septa. These changes give rise to 
the fine reticular or “ground-glass” pattern sometimes seen 
on chest radiography. 


CLINICAL Course. Most URIs are transient or self- 
limited infections that produce manifestations too well- 
known to merit repetition. The proverbial “take a couple 
of aspirins and give me a call tomorrow’ is statistically 
sound advice. Nonetheless, these involvements require 
prompt attention in infants, the elderly, diabetics, and 
persons with preexisting chronic respiratory disease, 
since they impair ventilation and resistance to super- 
imposed bacterial infection. 

The LRIs such as bronchiolitis, atypical pneumonia, 
and the flu syndrome are far more serious. They may 
be associated with marked hypoxia even when there is 
only minimal clinical evidence of alveolar consolidation; 
often there are dramatic changes on the chest film 
without altered physical signs; hence, the designation 
“atypical pneumonia.” Regression of radiographic 
changes may lag behind improvement of the clinical 
status. Confusing clinical pictures may also arise from 
bacterial or multiple opportunistic superinfections. Al- 
though recovery from influenza without sequelae is the 
rule, thousands died daily during the winter of 1918 
(the year of the “swine flu’) frequently of bacterial 
pneumonia or sepsis. Outside the context of a known 
epidemic, etiologic diagnosis is difficult and is usually 
confirmed only during convalescence by rising serum 
antibody titers. In extreme cases, resort may be made 


to lung biopsy, but only the herpes and measles viruses 
and CMV produce diagnostic inclusion bodies (pp. 282, 
284, 287) by light microscopy. Other viruses may be 
detectable by immunocytochemical methods. Vaccines 
and antiviral drugs have been only partially successful 
against respiratory viral infections, especially against 
established disease. 


VIRAL DISORDERS OF DIGESTIVE TRACT 


Mumps 


Mumps is an acute, contagious childhood disease 
characterized by inflammation and swelling of the pa- 
rotid glands and, less often, the other salivary glands. 
It may also involve the pancreas, testes, ovaries, and 
(rarely) the central nervous system or other systemic 
organs. Although usually mild, mumps occasionally 
causes acutely incapacitating, painful illness, especially 
in adult patients, or may leave permanent tissue de- 
struction in its wake. With the advent of an attenuated 
live vaccine, its frequency has sharply declined. 

Mumps is caused by a paramyxovirus, usually ac- 
quired by respiratory droplet infection. Its peak inci- 
dence is in 5- to 15-year-olds. Asymptomatic or very 
mild infection is common; most, but not all, adults are 
now largely immune. Incubation takes two to four 
weeks, and parotid swelling is preceded by fever, ma- 
laise, and headache. The usual duration of the acute 
illness is one or two weeks with gradual clinical improve- 
ment. Atypical presentations lacking parotid enlarge- 
ment include abdominal pain, painful testicular swell- 
ing, or generalized lymphadenopathy and splenomegaly. 


The parotitis is bilateral in about 70% of cases or 
unilateral in 20%, but in about 10% there is only sublingual 
involvement. Affected glands are enlarged, have a doughy 
consistency, and are moist, glistening, and reddish-brown 
on cross section. Testicular swelling may be spectacular, 
with parenchymal hemorrhage. Microscopically, at the peak 
of mumps parotitis, the gland interstitium is diffusely infil- 
trated by inflammatory edema and histiocytes, lymphocytes, 
and plasma cells, which compress acini and ducts. Some- 
times there is focal necrosis and spillage of exudate into the 
epithelial structures. In the enzyme-rich pancreas, mumps 
lesions become more destructive, causing parenchymal and 
fat necrosis and polymorphonuclear cell infiltration. Similarly, 
in the testis, tightly contained by the albuginea, tissue 
swelling may result in necrosis of seminiferous tubules with 
neutrophilic infiltration and focal hemorrhages and microin- 
farctions, thus accounting for the permanent fibrous scars 
sometimes left by mumps orchitis.'® Encephalitis or enceph- 
alomyelitis, when they occur, are usually mild and lack 
distinctive pathologic features. The mumps virus does not 
produce characteristic cell inclusions. 


The gland regions are tender and swollen, with 
pain on mastication, and the overlying skin is tense but 
not red. Involvement of other organs may precede, 
accompany, or follow the parotitis. Orchitis, the most 
frequent (20%), is usually unilateral and is therefore 
rarely a cause of male sterility. Pancreatitis, when 


284 


severe, is detectable by elevation of serum lipase and 
by the other signs and symptoms of pancreatic necrosis 
(p. 963). The diagnosis of mumps is usually clinical, can 
be confirmed by convalescent serum titers, and, in the 
context of an outbreak, offers little difficulty. The paro- 
titis is usually transient and leaves no sequelae. Even 
mumps pancreatitis tends to be relatively mild and does 
not relapse. Sporadic deaths due to complicating myo- 
carditis have been recorded. Mumps and measles live 
vaccines are now customarily administered together in 
childhood and should eventually make these infections 
vanish. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Viral Enteritis and Diarrhea 


Viruses are major causes of acute diarrheal diseases 
previously attributed to other or uncertain causes. Two 
types of enteropathogenic viruses—rotaviruses and par- 
voviruses—have now been characterized by immuno- 
electron microscopy, and more may yet be discovered. 

Rotaviruses are best visualized in negatively stained 
electron micrographs of stool ultrafiltrates, and thus 
far have not been adapted to tissue culture; how- 
ever, specific Enzyme-Linked Immuno-Sorbent Assays 
(ELISA) are now available.”° Transmission is oral-fecal; 
children of weaning or older ages are most susceptible. 
Antibodies to rotavirus build up rapidly in normal 
humans, rendering most adults immune. The peak 
prevalence of disease is during the winter months in 
temperate climes, the dry season in the tropics. In the 
United States rotaviruses account for well over 50% of 
all childhood diarrheas; in developing countries, plagued 
by many diarrheal pathogens, they are responsible for 
between 12 and 38%. Fortunately, rotavirus diarrhea 
tends to be mild. Indeed, after its 48-hour incubation 
the diarrhea rarely lasts more than a few days (maximum 
eight), but fever, vomiting, and loss of appetite are 
frequent and induce dehydration and electrolyte imbal- 
ance, which can be lethal. Animal studies and small 
bowel biopsies have shown mixed inflammatory infiltra- 
tion of the lamina propria, shortening of villi, and 
cellular hyperplasia of mucosal crypts.” 

Parvoviruses are also detectable by stool electron 
microscopy. No suitable culture medium has yet been 
devised. The entry route is digestive. Adults, as well as 
children, are susceptible. Epidemics, usually local in 
scope, occur year-round, and in earlier reports the virus 
was named after each affected locality (e.g., “Norwalk 
agent’). Parvovirus infection is one of the known causes 
of “traveler's diarrhea.” The incubation period can be 
as brief as 18 hours; the diarrhea is watery, without 
tenesmus, and usually abates in one or two days, 
although some patients my experience more prolonged 
and severe symptoms. Immunity follows infection but 
seems to vary individually in degree and duration. 
Histologic findings in small bowel biopsies of human 
volunteers largely parallel those reported in rotavirus 
infection.” These changes last longer than do the clinical 
symptoms. Among the numerous causes of the adult 
diarrheal syndrome, parvovirus infections rank as rela- 
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tively benign, and require little more than bed rest and 
compensatory oral fluid intake. 


Viral Hepatitis 


Infections caused by the human hepatitis viruses 
and their role in cirrhosis and liver cancer are discussed 
on page 936. Impairment of liver function may also 
occur in many other systemic viral infections, most 
commonly those of the herpesvirus family. Both the 
CMV and the EB virus (Table 8-2) produce focal 
hepatocellular necrosis with some regularity, especially 
after transfusions or organ transplants. The herpes zos- 
ter—varicella and herpes simplex viruses can produce 
severe liver cell necrosis in immunosuppressed individ- 
uals (p. 284). In addition, the yellow fever and hemor- 
rhagic fever viruses (p. 290) can cause liver failure in 
previously normal persons. 


EPIDERMAL-EPITHELIAL VIRAL DISORDERS 


Epithelial Warty Growths 


These are listed in Table 8-2 and discussed in 
Chapter 27. Common features of these benign growths 
are: (1) exuberant, but self-limited epithelial prolifera- 
tion; (2) cytopathic changes in maturing epithelial cells 
(inclusion bodies or koilocytosis); and (3) predominantly 
mononuclear stromal and basal inflammatory infiltration. 


Measles (Rubeola) 


Thanks to a 95% effective live attenuated vaccine, 
measles is now well on its way toward extinction in the 
United States and Europe, and worldwide eradication 
is under serious contemplation.” For many centuries, 
rubeola was near universal among children 3 to 7 years 
old. It is an acute, febrile, systemic viral infection 
usually beginning with coryza and conjunctivitis, fol- 
lowed by typical spotty lesions inside the mouth, lym- 
phoreticular hyperplasia, and a blotchy, generalized, 
erythematous (morbilliform) rash. 

The measles virus, an RNA paramyxovirus, is highly 
contagious by droplet aspiration and is transmissible via 
the placenta. Incubation averages ten days; fever and 
rash peak promptly within a few days and then gradually 
resolve during one or two weeks, barring complications. 
Photophobia and eye-burning are the first symptoms; a 
spotty enanthem that blisters and ulcerates deep in the 
cheek mucosa near the opening of Stensen’s ducts 
(“Koplik’s spots”) is diagnostic even before the rash 
begins. Swollen lymph nodes or splenic enlargement 
also occur early, and respiratory symptoms, especially 
dry cough, may be prominent; about one-fifth of patients 
have lung opacities on chest radiograph. The rash is 
blotchy, reddish-brown, and barely elevated; begins 
behind the ears; travels down the neck, trunk, and 
extremities; and rarely becomes confluent. Except in 
severe, hemorrhagic “black measles,” it blanches on 
pressure. Earache, bellyache, and other miscellaneous 


symptoms may confuse the picture, especially when the 
rash is subtle or does not appear. The fever and symp- 
toms usually abate as the rash blanches with mild 
epidermal scaling, and recovery is followed by immu- 
nity. Although generally benign in normal children, 
measles can be serious, especially in the very young, 
very old, and immunosuppressed, either by causing 
neural or visceral viral damage or, more commonly, 
because of bacterial superinfections. In children and 
adults of tropical countries, the illness can cause mor- 
tality rates of up to 12%. Measles encephalomyelitis or 
interstitial, sometimes “giant cell,” pneumonia can be a 
life-threatening acute complication. Moreover, measles 
has also been incriminated on varying evidence in long- 
term sequelae, especially in subacute sclerosing pan- 
encephalitis (p. 1385), minimal disease nephrotic syn- 
drome (p. 1014), juvenile diabetes mellitus (p. 972), and 
thrombocytopenic purpura (p. 644). Unlike German 
measles (see below), rubeola during pregnancy does not 
cause fetal congenital anomalies. 


Histologically, the rash is produced by dilated skin 
vessels, edema, and a moderate, nonspecific, mononuclear 
perivascular infiltrate. Ulcerated mucosal lesions in the oral 
cavity are marked by necrosis, neutrophils, and neovascu- 
larization. The lymphoid organs typically have marked follic- 
ular hyperplasia, large germinal centers, and randomly dis- 
tributed multinucleate giant cells, called Warthin-Finkeldey 
cells, with eosinophilic nuclear and cytoplasmic inclusion 
bodies (Fig. 8-3). These are pathognomonic of measles, 
and on occasion permit its diagnosis from histologic exami- 
nation of the lymphoid structures of an excised appendix. 


The milder forms of measles pneumonia show the same 
peribronchial and interstitial mononuclear infiltration seen in 
other nonlethal viral infections. In severe or neglected cases, 
bacterial superinfection may be a cause of death. Some- 
times, diagnostic giant cells can be detected in the sputum. 
In debilitated children, especially those with mucoviscidosis, 
Wiskott-Aldrich syndrome, or lymphoreticular malignancies, 
measles pneumonia can be protracted and lead to respira- 
tory failure. In such instances the virus may persist in 
respiratory secretions for months, long after the rash has 
disappeared. Uncommonly, postmeasles encephalomyelitis 
develops, caused, it is suspected, by an autoimmune reac- 
tion. 


German Measles (Rubella) 


Rubella, sometimes called “three-day measles,” is 
a highly contagious but mild childhood systemic febrile 
viral infection characterized by a morbilliform (measles- 
like) rash and swelling of the posterior cervical lymph 
nodes. It is caused by a togavirus unrelated to the 
measles virus, and has a longer incubation period and a 
briefer, more benign course. In passing, it might be 
noted that erythema infectiosum and roseola infantum 
are two additional mild exanthematous eruptions of 
childhood presumed to be caused by less common, not 
yet identified, viruses. Rubella tends to be more dis- 
comforting in adults, and is sometimes accompanied by 
joint pain and swelling reminiscent of rheumatic fever. 
The principal public health importance of rubella de- 
rives from its power to cause severe congenital malfor- 
mations, mostly cardiac, when transmitted from mother 
to fetus (p. 480). The disease is virtually always nonfatal. 
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Figure 8-4. Smallpox—a view of a characteristic vesicle with separation of the epidermal cells and 


a leukocytic exudate within the vesicle. 
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Viral, Chlamydial, Rickettsial, and Bacterial Diseases 
Smallpox (Variola) 


The causative agent of smallpox, a 160-nm particle 
containing double-stranded DNA and terminal tran- 
scriptase, has finally been confined to cold storage in a 
few high-security reference centers. The last docu- 
mented case of human smallpox occurred during a 1978 
laboratory outbreak. All suspected cases since then have 
proved to be deceptive “look-alikes,” some due to the 
distantly related monkeypox virus or to hemorrhagic 
varicella (p. 285). Thus culminates the long and stormy 
history of cowpox vaccination, which began with Jen- 
ners alertness to the well-known fact that milkmaids, 
unlike others of their time, rarely had their faces disfig- 
ured by pockmarks.” 


MORPHOLOGY. Smallpox began with a viremic phase 
12 days after passage by inhalation. Its well-synchronized 
rash turned from macules to vesicles and pustules over two 
to six days, covering the skin and mucous membranes. As 
intraepidermal vesicles formed by cell disruption, the basal 
epidermal layer was destroyed, followed by inflammatory 
infiltration beginning in the dermis and spilling into the vesicle 
to form a pustule (Fig. 8-4) In severe cases there was 
bleeding into the vesicles and pustules, producing black, 
“hemorrhagic smallpox.” Characteristic of active skin lesions 
were altered epidermal cells containing eosinophilic intra- 
cytoplasmic bodies (Guarneri bodies). Lymphoreticular hy- 
perplasia, scattered foci of inflammation in internal organs 
or the CNS, and changes incident to bacterial superinfection, 
dehydration, and shock were often present in lethal cases. 
Usually, in the course of days, the vesicles ruptured and 
exfoliated, gradually turning to depressed pockmarks as the 
patient convalesced. 
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Should one be faced with a suspect case of smallpox 
today, the patient should be isolated and contacts lim- 
ited to vaccinated health personnel. Expert examination 
of vesicle fluid by electron microscopy is a critical step 
in confirming the diagnosis. To maintain past gains, 
surveillance may be necessary for the next decade. 


HERPESVIRUS DISEASES 


The herpesviruses listed in Table 8-2 are respon- 
sible for a wide range of infections from the trivial “cold 
sore” to lethal disseminated disease. Most frequently 
seen in medical practice are their acute systemic mani- 
festations such as chickenpox or infectious mononucle- 
osis. Herpetic infections are widely prevalent through- 
out the world and their frequency increases with age 
from womb to grave; by maturity most adults carry one 
or another of these viruses or sometimes several, but 
the vast bulk of these infections are latent. Overt 
diseases then represent only “the tip of the iceberg.” 
Both newly acquired and activated latent infections can 
cause clinical disease. Whatever their clinical presen- 
tation, cutaneous or hemolymphopoietic, all herpetic 
infections must be considered as systemic, and this is 
particularly true in immunodeficient and otherwise pre- 
disposed hosts. The protean and grave, systemic nature 
of these infections is most striking in a hospital setting, 
compared to the largely benign forms of disease seen in 
the community which still make up the bulk of cases. 

All the virions of the herpes family look similar by 
electron microscopy, just as their viral inclusions are 
indistinguishable by light microscopy, with the excep- 
tion of those induced by the cytomegalovirus (p. 287). 
Yet each herpesvirus species is genetically and antige- 
netically distinct, and each differs in the disease spec- 
trum it causes. Herpes viruses have marked host species 
specificity although, rarely, zoonotic infection by simian 
herpesviruses have induced severe illness in primate 
workers or fanciers. 


Herpes Simplex (HSV I) and Herpes Genitalis 
(HSV II) Infections 


Herpes simplex is transmitted by physical contact 
such as kissing, and is thus spread among family mem- 
bers and friends. About half of all babies in the United 
States are born with IgG antibodies to this agent trans- 
mitted across the placenta. As this immunity dissipates, 
new infections are acquired until, by age 45, close to 
70% of people have become serologically positive— 
most without ever experiencing signs of disease, others 
after one or several episodes of “fever blisters” or “cold 
sores.” Only very few suffer major illnesses. By contrast, 
HSV II is transmitted by sexual contact or during birth; 
it is less prevalent overall, but is likewise cumulative 
with age. Its incidence rises with the number of sexual 
partners, and has therefore greatly increased in today’s 
permissive society. Genital herpes has engendered con- 
siderable anxiety because of its possible role in the 


causation of cervical cancer, discussed in more detail on 
page 1125. Both infections are difficult to prevent; there 
is as yet no vaccine. 

The spectrum of both herpesvirus infections in- 
cludes: 

1. latency—the virus slowly reproduces in_ tri- 
geminal or other ganglia; diagnosis is made only by 
antibody titer. 

2. skin or mucosal vesicles (fever blisters, cold 
sores, aphthous stomatitis, genital herpes). 

3. severe vesicular eruption of the eye or skin 
(herpes keratoconjunctivitis, eczema herpeticum, Ka- 
posis varicelliform eruption). 

4. severe CNS lesions (herpes simplex encephalitis, 
transverse myelitis). 

5. opportunistic localized lesions of internal organs 
(herpes esophagitis, herpes simplex pneumonitis). 

6. overwhelming disseminated opportunistic infec- 
tion with focal necrosis of many organs in neonates and 
compromised adults. 


Herpesvirus lesions, wherever located, are marked by 
cytopathic changes, principally the formation of Cowdry type 
A intranuclear inclusions. As the virions multiply within nuclei, 
the chromatin first fades to a lavender tinge on H and E 
staining and loses definition. Darkly stained chromatin 
clumps then cluster against the nuclear membrane and may 
herniate through it imparting a spiked contour, while the 
nuclear center, now containing live and dead virions 
and debris, is transformed into a large acidophilic inclu- 
sion separated from the nuclear rim by an artifactual 
cleft. Cell and nuclear size increase only slightly, in contrast 
to the striking enlargements induced by the CMV (p. 287). 
However, cell fusions may produce inclusion-bearing “‘poly- 
karyons”’ or giant cells, which can also be found in smears 
of blister fluid (““Tzanck preps’”’), confirming the diagnosis 
of a herpetic infection (Fig. 8-5). More definitive identification 
of the herpesvirus within cells can be achieved by immuno- 
fluorescent methods. 


Figure 8—5. Herpes simplex. Typical polykaryon with Cowdry type 
A intranuclear inclusions as seen in a Tzanck prep of a skin vesicle. 


Fever blisters or cold sores favor the facial skin around 
mucosal orifices (lips, nares) but may occur in other regions. 
Their distribution does not follow skin dermatomes, and 
bilateral lesions are common. Intraepithelial vesicles are 
created by intracellular edema and the ballooning degener- 
ation of epidermal cells. The vesicles tend to burst, collapse, 
and crust promptly, but some may result in superficial 
ulcerations. Predisposing factors include old age, sunlight, 
respiratory infections, menstruation, and occasionally some 
underlying serious illness or hidden malignancy. 

Genital herpes is characterized by vesicles on the 
genital mucous membranes as well as external genitalia. On 
moist mucosal surfaces the vesicles are transient and rapidly 
converted into superficial ulcerations, rimmed by an inflam- 
matory infiltrate. The cellular changes are those already 
described. Large, solitary herpetic ulcers on the genitalia or 
lips, with swelling of satellite lymph nodes, may simulate a 
primary syphilitic chancre (p. 336). 

Aphthous stomatitis refers to a vesicular eruption that 
may extend from tongue to retropharynx, usually encoun- 
tered in children and caused by HSV I. It must be differen- 
tiated from other vesicular eruptions in childhood, particularly 
that caused by Coxsackie virus, which tends to be milder 
and limited to the pharynx and tonsils. The herpetic infection 
may induce cervical lymphadenopathy and fever, but is self- 
limited. 

Herpes keratoconjunctivitis of one or both eyes is 
similar to skin herpes but tends to ulcerate the delicate and 
gliding epithelia. It is frequently recurrent and is prone to 
bacterial superinfection; it may therefore cause corneal 
clouding, deep inflammation, and eventual blindness. Sev- 
eral antiviral drugs, including acyclovir, can ameliorate this 
disorder.”° 

Kaposi’s varicelliform eruption is a generalized ve- 
siculating involvement of the skin occurring mainly in im- 
munodeficient persons and those with previous dermatitis. 

Eczema herpeticum is even more severe and is char- 
acterized by confluent, pustular, or hemorrhagic blisters. 
Bacterial superinfection is common, as is dissemination of 
the viral infection to internal viscera. Both these patterns of 
herpetic dermatitis can prove fatal. 

Herpes simplex encephalitis is described on page 
1383. This highly lethal involvement of the brain, usually by 
HSV I, appears in the absence of a skin rash. With state-of- 
the-art therapy, the salvage rate has increased modestly. 

Visceral and disseminated herpes infections are 
usually encountered in particular clinical settings. Esopha- 
gitis almost always represents activation of a latent infection 
in hospitalized patients with some form of underlying cancer 
or under immunosuppressive treatment. The mucosal vesi- 
cles and ulcerations are no different from those already 
described, but are readily superinfected by bacteria or fungi. 
Similarly, herpes bronchopneumonia, often necrotizing, is 
seen in predisposed individuals, particularly when an airway 
must be inserted through oral herpes territory. Dissemi- 
nated infection most often occurs in neonates, particularly 
premature babies, or those with abnormal immune systems. 
Usually, HSV Il is transmitted during passage through the 
birth canal of infected mothers; this can be prevented by 
cesarean delivery when the risk is Known. The disseminated 
disease in the neonate may be mild, but is more often 
fulminating with generalized lymphadenopathy, splenomeg- 
aly, and necrotic foci throughout the lungs, liver, adrenals, 
and CNS. Brain damage may persist in the few infants who 
recover. Disseminated infections may also arise in adults, 
most often during cancer chemotherapy or immunosuppres- 
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sion following marrow and organ transplants. Necrotic foci 
may be present throughout the body, particularly in the liver 
and lungs, leading to hepatic failure or death from respiratory 
complications. In all these visceral and disseminated involve- 
ments, typical intranuclear inclusions often provide the etio- 
logic diagnosis but may not be present in all of the lesions. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Chickenpox (Varicella) and Herpes Zoster 


These two seemingly disparate disorders are both 
caused by the herpes zoster virus (HZV) and are there- 
fore closely related. 

Chickenpox is an acute, highly contagious, but mild 
systemic viral infection with a vesicular, generalized 
skin eruption. It is usually of little consequence in 
normal children, but in those with immunodeficiencies 
may cause pneumonitis, encephalitis, and disseminated 
visceral lesions, including purpuric skin lesions. Severe 
neonatal disease may occur when the mother becomes 
infected shortly before delivery, but, unlike german 
measles, infection during gestation does not induce 
congenital malformations in the offspring. In the usual 
childhood form of chickenpox the infection is acquired 
through the respiratory route, and after two to three 
weeks of silent incubation is followed by a viremia. A 
generalized rash appears, progressing rapidly from a 
macular to a vesicular stage without forming pustules. 
Each individual lesion resembles “a dew drop on a rose 
petal.” Usually, several crops of lesions succeed each 
other, traveling from the trunk centrifugally to the face 
and extremities. The lack of synchrony best differen- 
tiates this eruption from that caused by smallpox. How- 
ever, the rare, severe form may resemble hemorrhagic 
smallpox. Blistering may also occur on the buccal mu- 
cosa. Wherever they appear, the vesicles rupture, the 
rash crusts and scales, and the condition resolves within 
about a week. However, lymph node swelling may 
persist for some time. The rare adult patient with 
varicella tends to be sicker than the child, with a greater 
tendency to develop pneumonitis or encephalitis. More 
often, infection with HZV remains latent in adults or 
else appears as herpes zoster. 

Herpes zoster, also known as “shingles,” represents 
a reactivation of a latent HZV infection as shown by its 
greater frequency with advancing age. Adults with 
“shingles” can transmit varicella to children, but not 
vice versa. The pathogenesis of herpes zoster involves 
a previous attack of chickenpox followed by years of 
latency of the HZV virus in the sensory dorsal root 
ganglia. During an attack of “shingles,” reactivated virus 
travels centrifugally from the ganglia to the skin of the 
corresponding dermatomes, resulting in a localized ve- 
sicular eruption; this is similar to that of chickenpox but 
differentiated by the often intense itching, burning, or 
sharp pain in the affected skin segment because of a 
simultaneous radiculoneuritis. Indeed, the pain may be 
disproportionate to the rash, especially when the tri- 
geminal branches are involved; such involvement may 
induce a facial paralysis (Ramsay Hunt syndrome). In 
more than 50% of cases, only a single unilateral thoracic 
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dermatome is involved, but several crops of lesions may 
arise or recur after long intervals. Sometimes the erup- 
tions are bilateral. Herpes zoster lesions are prone to 
appear in persons with advanced neoplastic disease, 
such as Hodgkin’s or other lymphomas, or following 
immunosuppressive drugs; in these circumstances it 
may become disseminated and hemorrhagic, with wide- 
spread mucosal and visceral necrosis but only a feeble 
inflammatory response. In contrast, in the absence of a 
predisposing factor, “shingles” tends to follow a pro- 
tracted but benign course. 


INFECTIOUS DISEASES 


The varicella-zoster skin vesicles are identical morpho- 
logically to those caused by HSV | and are replete with 
intranuclear inclusions. In chickenpox vesicles tend to remain 
intraepithelial, and healing therefore occurs by regeneration, 
leaving no scars. Traumatic rupture of the vesicles and 
bacterial superinfection lead to destruction of the basal 
epidermal layer, with a commensurate greater inflammatory 
response and a greater tendency to residual scarring. Hence, 
the sound basis for the admonition “Don't scratch it’! In 
severe varicella, focal hemorrhages may occur into and 
around the blisters. 

Herpes zoster is marked by a dense, predominantly 
mononuclear infiltrate into the sensory ganglia. Neurons and 
their supporting cells develop typical herpetic intranuclear 
inclusions, and occasional neurons may undergo necrosis 
with permanent loss. Interstitial pneumonia resembling that 
of other viral infections, encephalitis, and transverse myelitis 
are other potential sequelae of herpes zoster. Moreover, 
immunosuppressed patients may develop severe, necrotiz- 
ing visceral lesions similar to those of disseminated herpes, 
often together with other opportunistic infections. 


Cytomegalic Inclusion Disease (CID) 


Cytomegalic inclusion disease is an exceedingly 
protean viral disease caused by CMV, a member of the 
herpesvirus group. Several serotypes of CMV have been 
isolated in man that differ in antigenicity and possibly 
in their pathogenetic properties. Congenital infection 
contracted in utero bears little resemblance to the 
postnatally acquired disease in infants, which in turn 
differs from the infection in adults. 

The infectious agent is spread through (1) intra- 
uterine transmission to the fetus following a newly 
acquired infection or reactivation of a latent infection in 
the mother, (2) perinatal transmission to the fetus as it 
passes through the birth canal of a mother with a 
cervicovaginal infection, (3) respiratory droplet trans- 
mission among children and possibly between adults, 
(4) blood transfusions (in about 5% of blood donors the 
circulating leukocytes show latent CMV infections), (5) 
transplantation of virus-infected grafts from a donor with 
latent infection, (6) venereal transmission (virus has been 
isolated from both semen and vaginal fluid), and (7) 
transmission through mother's milk.” 

By isolation of virus from secretions of the oral 
cavity or urine or by rising antibody titers, it has been 
shown that there are three peak periods of contraction 
of the virus. The first is in utero. Such infections may 


remain latent and have little effect on the fetus, or they 
may have a devastating impact on the brain and kill in 
utero or within the first weeks of life. The second peak 
occurs after birth and after the loss of maternal antibod- 
ies; thus, about 10% of all infants develop complement- 
fixing antibodies during the first year of life. Some of 
these infections may be acquired in the birth canal or 
during breast-feeding. Most of these children, whatever 
the severity of the infection, continue to excrete virus 
for many months to years. There follows a period up to 
age 15 years during which the frequency of identifiable 
antibody increases more slowly, from approximately 10 
to 20%. The third peak occurs after age 15, when the 
frequency of infection again rises. In the aggregate, 
between 50 and 80% of adults show evidence of exposure 
to CMV in the form of complement-fixing antibodies. 
Primary infection in adults is usually followed by only 
transient excretion of virus in the throat or urine for a 
few days to weeks. However, a pregnant female acquir- 
ing a new infection will excrete virus from the throat, 
urine, and cervix and even in the breast milk throughout 
pregnancy and for months afterward. Despite the high 
frequency of infection in adults, it is almost always 
latent and asymptomatic unless the patient is immuno- 
compromised (e.g., AIDS, p. 208) or debilitated.» How- 
ever, healthy adults who receive transfusions of large 
volumes of blood from multiple donors may acquire 
CID. Whether symptomatic infections in adults, or even 
in children, represent reactivation of endogenous latent 
virus or acquisition of a fresh infection often remains 
uncertain. 

In neonates, full-blown, congenital, “classic” CID 
closely resembles erythroblastosis fetalis. Affected in- 
fants are often premature or below average birth weight, 
and at birth or soon after manifest a hemolytic form of 
anemia, jaundice, thrombocytopenia, purpura, hepato- 
splenomegaly (due to extramedullary hematopoiesis), 
pneumonitis, deafness, chorioretinitis, and, most im- 
portant, neurologic manifestations associated with ex- 
tensive brain damage. At least half the infants with such 
severe disease die; some survive but are mentally re- 
tarded, while others with perhaps less overwhelming 
infection completely recover. However, it is now clear 
that most congenital infections, perhaps as many as 
90% evoke no clinical manifestations at birth. Despite 
this benign presentation, in rare cases, brain damage 
becomes evident over the span of the next few years. 
Between the extremes of classic CID and asymptomatic 
infections are those infants who suffer relatively minor 
illnesses, taking the form of hematologic derangements 
(often with purpura), mild respiratory disease, transient 
forms of hepatitis, or simply failure to thrive. Hepato- 
splenomegaly is often present in those with mild mani- 
festations, and some have clinical evidence of neurologic 
involvement. 

Congenital CID is therefore an unpredictable dis- 
ease, and even those with mild or asymptomatic infec- 
tions may suffer serious consequences years later, as 
shown in Figure 8-6. 
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Figure 8—6. Potential pathways of congenital CID. 


In classic CID the most prominent and characteristic 
findings are markedly enlarged cells, with large pleomorphic 
nuclei harboring basophilic intranuclear inclusions. The in- 
clusion may have a diameter of half that of the nucleus 
and, like those of HSV, is surrounded by a clear halo, 
sharply demarcating it from the nuclear membrane. 
Basophilic smaller cytoplasmic inclusions are also present 
that probably represent viral coat protein or complete viral 
units (Fig. 8-7). Cells so affected may remain vital and 
evoke no inflammatory reactions, but others die, and the 
necrotic debris evokes a leukocytic response. Inclusions and 
focal necroses may be identified in virtually any organ but 
are found most often, in descending order of frequency, in 
the salivary glands, kidneys, liver, lungs, gut, pancreas, 
thyroid, adrenals, and brain. Cytomegalic inclusions are often 
abundant in the renal tubular epithelium and occasionally 
within endothelial cells of glomeruli. Desquamation of tubular 
cells sometimes permits diagnosis of this disease by ex- 
amination of the urinary sediment. Similar cellular changes 
are often present in hepatocytes, and almost always in the 
lining cells of portal bile ducts. Extramedullary hematopoiesis 
may induce marked hepatic as well as splenic enlargement. 
In some infants there are focal hepatic necroses. Lung 
changes take the form of an interstitial pneumonitis, accom- 
panied by the characteristic intracellular inclusions in the 
alveolar lining cells and in endothelial cells of septal capil- 
laries as well as in alveolar macrophages. Depending on the 
severity of the infection, intra-alveolar edema, proteinaceous 
exudate, and focal hyaline membranes may appear. Cyto- 
megalic changes, focal necroses, or even sharply punched- 
out ulcerations may occur in the small and large intestines. 

Damage to the brain is the most lethal aspect of classic 
CID. Two types of lesions are seen—focal acute inflam- 


matory changes, with inclusion-bearing giant cells distributed 
principally in a narrow band in the subependymal and subpial 
tissue, and necrotic lesions irregularly scattered in the cere- 
brum. Most characteristic of CID is the tendency for these 
lesions to be located about the lateral ventricles and the 
aqueduct, down to the fourth ventricle. Frequently the foci 
of injury become calcified, and the location of these calcifi- 
cations about the ventricles provides one of the most impor- 
tant clinical diagnostic clues to this infection. The ganglion 
cells within and about the areas of focal damage show all 
ranges of injury from chromatolysis to frank necrosis, and 
microcephaly or hydrocephalus sometimes develops. 

In less severe expressions of congenital CID, cytomeg- 
aly and inclusions are generally less frequent and less widely 
distributed. Sometimes, multinucleated giant cells appear in 
the liver, particularly in those children in whom the principal 
clinical manifestations are related to hepatitis. Here again, 
as in the classic disease, the distribution and severity of the 
changes are variable. 


Infections acquired postnatally tend, on the whole, 
to be asymptomatic but sometimes induce mild, tran- 
sient illness. Symptoms and signs, when they appear, 
are extremely varied and include hepatosplenomegaly 
with or without evidence of hepatitis, interstitial pneu- 
monitis, or enterocolitis secondary to ulcerative lesions 
in the intestines. Only rarely is the central nervous 
system obviously infected. 


As unpredictable as CID is in childhood, it is even more 
so in adulthood. Much depends on the immunologic com- 
petence of the adult. In severely compromised hosts, CID 
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Figure 8-7. CMV nuclear (/eft) and cytoplasmic inclusions (right) in renal tubule of an infected baby. 


may produce an “opportunistic” infection, with involvement 
of organs as widespread as is seen in the classic congenital 
form of the disease, except that the CNS is rarely involved. 
Indeed, in such cases it is quite common to find concomitant 
invasion by other “opportunists” such as fungi and Pneu- 
mocystis carinii (p. 365). More often in adults, CID affects 
only the lungs and intestinal tract. The pulmonary changes 
are similar to those described in the congenital form of the 
disease.®*° In the small and large intestine, ulceroinflamma- 
tory lesions develop, often accompanied by the characteristic 
cytomegaly and inclusions within local endothelial and mu- 
cosal cells. Rarely, intestinal perforations may ensue. 


The significance of viral infection in adults is vari- 
able. Patients may recover following a brief or, more 
often, prolonged episode of respiratory illness. How- 
ever, in others it represents “the last straw’ superim- 
posed upon an underlying fatal disease. 

Otherwise healthy children or adults may develop 
an infectious mononucleosis—like syndrome especially 
following transfusion of large volumes of blood from 
donors with latent CMV infections.*! These patients 
manifest fever with lymphocytosis and atypical lympho- 
cytes in the circulating blood, closely resembling infec- 
tious mononucleosis and distinguished from it only by 
the persistently negative heterophil tests. Almost always 
this syndrome is self-limited and followed by complete 
recovery. It should thus be evident that CMV is an 
agent of relatively low virulence, the pathogenicity of 
which is inversely proportional to the resistance of the 
host. It presents its most ferocious face to those least 
equipped to confront it—the fetus and the immunolog- 
ically incompetent and debilitated. 


Infectious Mononucleosis (IM) 


Infectious mononucleosis is a benign, self-limited 
lymphoproliferative disease caused by the Epstein-Barr 


virus (EBV), one of the herpesviruses. It is characterized 
by fever, generalized lymphadenopathy, sore throat, 
and the appearance in the blood of atypical activated T 
lymphocytes (mononucleosis cells). IM also affects the 
spleen, liver, and less often the heart, lungs, kidneys, 
hematopoietic system, and CNS. Thus, it may mimic 
other disorders, particularly viral hepatitis. Conversely, 
other viral agents, notably CMV, may produce clinical 
syndromes that can only be differentiated from the EBV 
disease serologically. EBV is also strongly suspected of 
contributing to the causation of African (endemic) Burk- 
itt’s lymphoma and nasopharyngeal carcinoma, but is 
not regularly found in patients with Burkitt's lymphoma 
outside of Africa (p. 662). 

IM occurs principally in late adolescence or young 
adulthood, but may occasionally arise in children and 
the aged. It is more frequent in upper socioeconomic 
classes in developed nations. The reasons for this dis- 
tribution are as follows: In most of the world, natural 
primary infection with EBV generally occurs in child- 
hood and is usually asymptomatic. These inapparent 
infections confer immunity to the virus. However, many 
persons without disease, perhaps as many as 20% of the 
population in western countries, continue harboring 
infected lymphocytes and shedding infectious virus from 
their oropharynx.® In privileged societies, contact with 
such reservoir hosts may be delayed until late adoles- 
cence or young adulthood; in these delayed primary 
infections, symptomatic IM appears. 

The EBV virus is transmitted from person to per- 
son, often by kissing, with transfer of virally contami- 
nated saliva. In a susceptible seronegative host (lacking 
antibodies), the virions invade and replicate within 
salivary gland epithelial cells and then enter B cells in 
the lymphoid tissues, which possess receptors for the 
virus.** A replicative virus cycle ensues, with dissemi- 
nation of the agent either through the bloodstream or 


by the spread of the infected B cells themselves. In 
either event, death of the infected B cells with viremia 
produces an acute febrile reaction and specific immu- 
nologic responses. As antibodies appear, infectious virus 
disappears from the blood. IgM and later IgG antibodies 
to viral capsid antigen can be demonstrated. Virus 
neutralizing antibodies and antibodies to virus-directed 
B-cell membrane antigens also appear. These peak about 
two weeks after the infection and persist throughout 
life. Other virus-determined antibodies arise, and also 
transient heterophil (Paul-Bunnell) antibodies, whose 
association with EBV is still not well understood. 

Although infectious B cells and free virions disap- 
pear from the blood following the humoral-antibody 
response, EBV-transformed B lymphocytes carrying the 
virus genome integrated into their own DNA continue 
to be present in the circulation.* Such cells, if explanted 
in culture, are capable of indefinite reproduction (“in 
vitro immortality ), whereas cultures of normal B lym- 
phocytes can be grown only for brief periods. In this 
latent form, the virus does not cause a full cytocidal 
replicative viral cycle. However, expression of at least 
some of the virus-determined antigens continues, within 
these B cells, particularly a lymphocyte-detected mem- 
brane antigen. This membrane antigen is recognized by 
T-killer cells, and stimulates their multiplication. These 
T-killer cells are the atypical cells seen in the blood in 
mononucleosis, and it is the stimulation of T cells 
throughout the body that is responsible for the lym- 
phadenopathy and hepatosplenomegaly. The sore throat 
so typical of this disease in its early stage may be due 
to necrosis of B cells and possibly epithelial cells in the 
early virus replicative cycle in the oropharynx. The 
progressive increase in virus-specific antibodies and T- 
killer cells eventually brings the disease under control 
and eliminates the latently infected B cells. 

Thus, in summary, the B cells in IM are infected 
and develop virus-directed membrane antigens that 
evoke a killer-cell (T-cell) response as the ultimate cause 
of the lymphoidal and visceral reaction throughout the 


body.* 


MORPHOLOGY. Anatomic studies have been confined 
largely to excised lymph nodes and liver biopsies, and to 
the rare patients who have died of rupture of the spleen or 
other complications.*> * 
| The peripheral blood usually shows an absolute lym- 
phocytosis with a total white cell count between 12,000 and 
18,000, 95% of which are lymphocytes. Many of these are 
atypical T lymphocytes approximately 12 to 16 microns in 
diameter, with an abundant, finely granular, basophilic cy- 
toplasm. The nucleus is variable in shape and may be round, 
ovoid, folded, or bean shaped. The nuclear chromatin usually 
is finely divided but may be clumped. Nucleoli are generally 
absent. The most distinguishing features are small fenestra- 
tions or vacuolations in the cytoplasm. These abnormal cells 
are usually sufficiently distinctive to permit the diagnosis of 
IM on peripheral blood smear. 

The lymph nodes are moderately enlarged throughout 
the body, principally in the posterior cervical, axillary, and 
groin regions. They show striking immunoproliferation of T 
cells in their paracortical zones, which become flooded by 


lymphocytes of varying size. There is, in addition, some B- | 
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cell reaction within the follicles. These become enlarged with 
prominent germinal centers, exhibiting many mitoses, or 
may become blurred as the follicular center cells intermingle 
with the perifollicular and paracortical cells. This lymphopro- 
liferative reaction distorts but does not totally efface the 
normal architecture.*° Occasionally, large binucleate cells, 
“Reed-Sternberg-like”’ cells (p. 670), are found in these 
nodes, and so the changes of IM must be differentiated 
from those of Hodgkin’s disease (p. 670). Leukemia, too, 
must be ruled out by observing the normal but immunostim- 
ulated patterns of lymph node architecture characteristic 
of IM. ' 

The spleen is usually enlarged to two to three times its 
normal size and is soft and fleshy with a hyperemic cut 
surface. The trabecular markings and follicular structure may 
become indistinct. Histologically, there may be prominence 
of the splenic follicles, or the architecture may be blurred by 
the heavy accumulation of immunostimulated lymphocytes. 
These cells sometimes infiltrate the trabeculae and the 
capsule, and may contribute in this way to easy rupture, an 
important clinical complication of this condition. Increased 
numbers of plasma cells are often present. 

The liver is sufficiently affected in most cases to cause 
elevated serum levels of glutamic pyruvic transaminase 
(SGPT) and other enzymes, but it is usually only mildly or 
moderately enlarged and is otherwise not unusual in its 
gross appearance. Histologically, there are three- principal 
alterations: portal infiltrations, consisting almost entirely of 
abnormal mononuclear cells; invasion of the sinusoids by 
the same cells; and areas of scattered parenchymal necrosis 
filled with mononuclear cells. These changes may be difficult 
to differentiate from viral hepatitis.°” 

The central nervous system may be affected with 
congestion, edema, and perivascular mononuclear infiltrates 
in the leptomeninges. Focal aggregates of mononuclear cells 
may occur in the perivascular areas of the brain substance. 
Myelin degeneration and destruction of axis cylinders in the 
peripheral nerves are on the whole infrequent. 

An interstitial “viral-type” pneumonitis has been ob- 
served in the lungs, and atypical lymphocytes have been 
described in the heart and bone marrow. 


CLINICAL COURSE. Diagnosis of IM can sometimes 
be difficult because of its varied presentations and must 
be based on the sum of clinical, hematologic, and 
serologic findings. The disease often starts with chills, 
fever, malaise, sore throat, and painful enlargement of 
the cervical nodes. Pharyngitis and tonsillitis may be 
associated with a creamy exudate over these structures. 
Fine pinpoint petechiae in the palate are present at the 
height of the illness in somewhat fewer than half of the 
cases. Differential diagnosis must include streptococcal 
sore throat, but microbiologic study will fail to incrimi- 
nate any bacterial agent. A macular skin rash resembling 
rubella develops in 10 to 15% of cases. Splenomegaly 
may give rise to left upper quadrant pain or discomfort, 
and there may be tender hepatic enlargement, indiges- 
tion, and inappetence. The differential diagnosis in such 
cases is often infectious (viral) hepatitis. In other in- 
stances, the striking lymphocytosis associated with the 
lymphadenopathy raises the specter of leukemia. The 
clinical course is usually one of progressive improvement 
after two to four weeks of febrile illness, but the 
intercurrence of hepatic involvement or myocarditis 
with its associated T-wave abnormalities may prolong 
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the malady. Fatalities are rare in normal immunologic 
reactors and are attributable to rupture of the spleen or 
to such intercurrent infections as pneumonia and men- 
ingitis. 

The hematologic findings, i.e., the elevated white 
count with a relative lymphocytosis and recognition of 
the atypical lymphocytes, are crucial to the diagnosis. 
Abnormal levels of sheep red cell agglutinins are usually 
present in titers greater than | to 64 (the Paul-Bunnell 
heterophil test). These antibodies are not significantly 
absorbed by guinea pig kidneys, but are absorbed by 
beef erythrocytes. Far more specific are the serodi- 
agnostic procedures relating to the EBV antibodies 
discussed earlier. 

Several kindreds of the X-linked recessive lympho- 
proliferative syndrome marked by an immunodeficiency 
state (described on p. 669) have been studied whose 
anomalous responses to the EBV included acutely lethal 
mononucleosis, development of autoimmune disease, 
and the delayed appearance of lymphomatous malignan- 
cies and leukemia.** These observations and those on 
African Burkitt's lymphoma, both involving herpesvi- 
ruses, constitute a link between defective T-cell func- 
tion, viral oncogenesis, and chromosomal translocations 
in the induction of neoplasia (p. 248). 


INFECTIOUS DISEASES 


ARBOVIRUS DISEASES* 


There are over 60 known diseases, some wide- 
spread, others strictly local, caused by arthropod-borne 
arboviruses. Table 8-2 lists those causing encephalitis 
in the U.S. and the best-known hemorrhagic fevers, 
including yellow fever and dengue. Arbovirus diseases 
are confined to the distribution of their specific insect 
vectors and animal reservoirs, but can become epidemic 
when there is man-to-man transmission by a ubiquitous 
insect vector, as has happened in the past with Aedes 
aegypti-borne yellow fever. Since viral encephalitis is 
described on page 1383, we shall limit this discussion 
to the hemorrhagic fevers. 


Hemorrhagic Fevers, Dengue, Yellow Fever* 


Korean and dengue hemorrhagic fevers have caused 
fatalities among the military in Southeast Asia. These 
disorders start suddenly with chills, headache, and 
muscle and joint pains, followed by widespread skin 
and scleral bleeding, thrombocytopenia, proteinuria, 
and renal failure, usually within three to five days. 
Shock and hypothermia are ominous, preterminal signs. 
Those who survive the first seven to ten days of illness 
gradually recover, but proteinuria and oliguria may 
persist for weeks. Each arbovirus species differs in its 
clinical expression: jaundice, melena, cardiac arrhyth- 
mia, pneumonitis, or CNS symptoms are characteristic 
of some variants and absent in others. 

Dengue is ordinarily a benign, flulike tropical dis- 
ease well characterized by its popular name, “breakbone 


fever.” However, a potentially lethal hemorrhagic var- 
iant occurs, principally among children in countries of 
the Eastern Pacific perimeter, e.g., Thailand and Paki- 
stan. Recently a large epidemic broke out in Cuba. The 
DIC-like syndrome is predominantly elicited by dengue 
virus of serotype II and may possibly be related to 
partial host immunity.*? Pulmonary and cerebral hem- 
orrhages are frequent lethal complications. 

Yellow fever in monkeys has migrated as far north 
as the Yucatan peninsula, causing small human epidem- 
ics in rural Latin America, but none comparable to those 
that forced the abandonment of the first attempt to 
build the Panama Canal. It differs from other arbovirus 
infections in its profound effect on the liver and marked 
jaundice. However, the latter may complicate many 
viral and bacterial infections, and, perhaps for these 
reasons, yellow fever outbreaks sometimes remain un- 
diagnosed until several deaths have occurred. 


Gross autopsy findings in hemorrhagic dengue may be 
limited to multiple bleeding points and hematomas, or may 
include shock-related abdominal congestion and centrilobu- 
lar liver necrosis. In yellow fever, the liver is soft, heavy, 
yellow in color, and spotted by numerous hemorrhages. 
Histologically, it is characterized by (1) midzonal liver cell 
necrosis, which may spread to the entire lobe in severe 
cases; (2) acidophilic degeneration of individual liver 
cells with cell and nuclear shrinkage, followed by hyaline 
condensation of the cytoplasm and extrusion of the 
rounded “Councilman” body into the sinusoidal lumen; 
(3) fatty degeneration of liver cells and sometimes of the 
renal tubular and myocardial cells as well; and (4) amor- 
phous intranuclear eosinophilic debris, which can be seen 
sometimes in degenerating hepatocytes (Torres bodies) 
(although not considered true viral inclusions, they may serve 
as a diagnostic clue).*° Although Councilman bodies are 
distinctive in yellow fever, they can also be seen in other 
liver diseases, notably viral hepatitis. 

In all cases of hemorrhagic fevers of longer duration, 
lymph node swelling and splenic enlargement are found 
related to proliferation and activation of reticuloendothelial 
cells and macrophages with marked erythrophagocytosis. 
Other organs may show focal parenchymal necroses, but 
inflammatory infiltration is usually not pronounced, unless 
due to bacterial superinfection. Diagnostic viral cell inclu- 
sions are not seen in sites of damage. The kidneys frequently 
show glomerular fibrin thrombi, and these may be found in 
other small vessels as an expression of DIC. In addition, 
there may be tubular necrosis with individual cell desqua- 
mation in convoluted tubules, mixed protein, heme, and red 
cell casts, and cortical edema. For a detailed description of 
regional hemorrhagic fevers, specialized texts should be 
consulted.*' 


Prudent symptomatic management of fluids, elec- 
trolytes, and clotting parameters has reduced the mor- 
tality rate of the hemorrhagic fevers. Nonetheless, it 
remains high in the most fulminant cases, even among 
the vigorous and young, and specific antiviral treatment 
is not available. Arbovirus infections (e.g., Lassa virus) 
may also strike suddenly among health workers and in 
laboratories. 


VIRAL DISEASES OF CENTRAL NERVOUS 
SYSTEM 


These diseases are described in detail in Chapter 
29. Here we shall only outline their principal varieties: 
(1) The CNS is the direct target for the so-called 
neurotropic viruses (e.g., the polio-, rabies, and en- 
cephalitis viruses) that cause acute injury; it can also 
be acutely damaged by other systemic viral infections, 
including those with prominent skin or visceral mani- 
festations (Table 8-2). (2) Severe, progressive chronic 
CNS injury may occur long after subclinical or acute 
infection by the measles virus (subacute sclerosing pan- 
encephalitis) or by a papovavirus (JC virus) (progressive 
multifocal leukoencephalopathy). (3) Relentless CNS 
destruction due to a new class of infectious agent, the 
slow viruses, occurs many years after infection (Jakob- 
Creutzfeldt disease) (p. 1387). (4) Inflammatory damage 
to the CNS may also arise days or weeks after the 
clinical cure of an otherwise benign viral infection or 
following apparently uneventful antiviral vaccination 
(postviral and postvaccinal encephalitis; the Guillain- 
Barré syndrome). Presumptive evidence of a viral cause 
has also been presented for certain insidious CNS 
disorders of unknown etiology (e.g., multiple sclerosis). 

In all the viral involvements of the CNS, manifes- 
tations of the morphologic changes and therefore clinical 
expression depend largely on the localization of the 
damaged neurons and axons. Viruses with highly selec- 
tive target neurons, as in rabies or poliomyelitis, pro- 
duce the most distinctive findings. Rabies alone among 
the neurotropic viruses induces diagnostic cell inclusions 
(Negri bodies). Those agents that widely involve the 
brain often provide no histopathologic clue to their 
etiology. Therefore, virologic and serologic studies and, 
in some cases, electron microscopy or immunoperoxi- 
dase methods are essential diagnostic tools. 


VIRAL HEART DISEASE 


These diseases are discussed in Chapter 13. It is 
unusual for viral infections to present clinically with 
isolated cardiac symptoms such as pericarditis, heart 
failure, or arrhythmias related to myocardial involve- 
ment in the absence of other systemic manifestations. 
More commonly, myocarditis or pericarditis occur as 
complications of systemic viral disorders. Significantly, 
the cardiac lesions are not necessarily proportional to 
the overall severity of a viral infection, and so mild, 
sometimes forgotten, past illnesses may underlie a clin- 
ical cardiomyopathy or an interstitial myocardial fibrosis 
of unknown cause. 


SUSPECTED VIRAL DISEASES 


There is a strong suspicion, based largely on 
epidemiologic evidence, that cat-scratch disease, 
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Kawasaki's disease (mucocutaneous lymph node syn- 
drome), and the acquired immune deficiency syndrome 
(AIDS) are of viral origin. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Cat-Scratch Disease 


This self-limited condition, usually manifested by 
localized lymphadenopathy, is seen oftener in children 
(80%) than in adults. Usually it takes the form of 
enlargement of lymph nodes, most frequently in the 
axilla and neck, one or more weeks usually following a 
feline scratch but occasionally a splinter or thorn. A 
raised, inflammatory nodule, vesicle, or eschar may or 
may not appear at the site of skin injury. Systemic 
manifestations are usually minimal, such as fever, mild 
neutrophilia or eosinophilia, and accelerated sedimen- 
tation rate. Very uncommonly, splenomegaly, mild en- 
cephalitis, thrombocytopenia, pneumonia, or focal de- 
mineralizing bone lesions have been _ reported, 
suggesting systemic spread. 


The major anatomic changes involve the nodes of 
drainage, which may become significantly enlarged and 
sometimes fluctuant. Early in the condition there is a non- 
specific reactive lymphadenitis. (p. 656). Thereafter, sarcoid- 
like granulomas (p. 391) may develop throughout the lymph 
node, around its capsule, and in the walls of draining veins. 
Coalescence of these granulomas produces the most dis- 
tinctive phase of the disease with the formation of “stellate 
abscesses,” j.e., irregular, central accumulations of vital and 
disintegrating neutrophils surrounded by a prominent rim of’ 
palisaded epithelioid macrophages. Although such ab- 
scesses are distinctive, they are not pathognomonic and are 
similar to the lesions of lymphogranuloma venereum. Special 
stains for bacterial and fungal agents are negative. 


Although viral or chlamydial isolates have been 
reported from cat-scratch lesions, the evidence is not 
convincing. The diagnosis can often be made on clinical 
grounds and strongly suspected from the morphologic 
findings. A skin test, using sterilized exudate from 
known cases, is positive in over 90% of clinical cases 
(but it is also positive in 5% of normal individuals and 
over 10% of veterinarians having no history of disease). 


Kawasaki’s Disease (Mucocutaneous Lymph Node 
Syndrome, MLNS)* 


Several outbreaks of this unusual syndrome, first 
recognized in Japan,* have appeared among infants and 
young children in the continental U.S. and Hawaii since 
1979. The disease may be preceded by a viral upper 
respiratory infection. It begins with fever (unresponsive 
to antibiotics); dramatic reddening of the conjunctivae, 
lips, oral mucosa, and tongue; and reddening and ede- 
matous swelling of the palms and soles. These changes 
are eventually followed by skin desquamation around 
the tips of the fingers and toes. In addition there may 
be an exanthematous rash or cervical lymphadenopathy 
not unlike those seen in several childhood viral infec- 
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tions. Mild elevations of liver enzymes are common and 
sometimes there is diarrhea or mild aseptic meningitis. 
Joint pain and swelling may suggest a rheumatoid or 
collagen-vascular disease. 


The feature that distinguishes Kawasaki's disease from 
the usual childhood viral syndromes is inflammatory involve- 
ment of the small and medium-sized coronary artery 
branches, and sometimes of the peripheral arteries as well. 
Arteriography may reveal that these changes often reverse 
during convalescence. In the rare, fatal case, they take the 
form of segmental necrotizing arteritis with focal aneurysms 
and dense perivascular inflammatory infiltration.“ The vas- 
cular alterations are indistinguishable from so-called “infan- 
tile periarteritis nodosa,” regarded as an aberrant form of 
the adult disease (p. 520).* 


All efforts to isolate viruses or rickettsiae from 
Kawasaki patients have been unsuccessful thus far, and 
so the possibility has been raised of a delayed immune 
response to an unknown preceding viral agent.*® Occa- 
sionally, sudden death from coronary occlusion occurs 
in these patients after uneventful convalescence from 
MLNS. 


Acquired Immune Deficiency Syndrome (AIDS) 


This still mysterious epidemic disease has only 
recently come to attention, principally among: (1) male 
homosexuals; (2) hemophiliacs receiving multiple trans- 
fusions or factor VIII concentrate; (3) Haitians, both 
immigrants and nonimmigrants; and (4) drug addicts.*’ 
Currently, the disease is also being described in pros- 
titutes and individuals without any known predisposing 
factors. Transmission from addict husbands to their 
wives (all heterosexual) has also been reported.” To 
date, no spread to medical, hospital, and laboratory 
personnel has been detected. 

Although the cause of this disorder is unknown, 
viruses are strongly suspected. A favored candidate at 
the time of writing is the human T-cell leukemia/ 
lymphoma virus (p. 678). Whatever the cause, there is 
a progressive, nonselective loss of cellular immunity 
due to depletion of T-helper/inducer cells while the T- 
suppressor cell population remains normal or increases 
in number.** * Thus, AIDS patients become vulnerable 
to a wide spectrum of opportunistic infectious agents as 


their disease progresses, including CMV, herpes sim- 
plex II and Epstein-Barr viruses, atypical mycobacteria, 
Pneumocystis carinii, fungi, and intestinal cryptospori- 
dia. Typically, multiple invaders are present, either 
concurrently or sequentially, and as one is brought 
under control by therapy it is replaced by another. The 
unique feature that made this condition recognizable as 
a new disease is the occurrence in many of these 
relatively young patients of a rapidly progressive form 
of Kaposi's sarcoma (p. 1270), diffusely involving both 
skin and internal organs.*! Because of the prominent 
role immunodeficiency plays in this condition, it is 
described in more detail on page 543. 


CHLAMYDIAL DISEASES 


Chlamydiae are obligate intracellular organisms, 
larger than viruses, which possess both DNA and RNA 
and form their own cell walls, much like bacteria. They 
also respond to wide-spectrum antibiotics. Chlamydiae 
are passively taken up into phagocytic vacuoles of host 
cells in which they multiply, alternating between large 
(1000 nm) and small (200 to 300 nm) forms (“initial” vs. 
“elementary bodies). Cytoplasmic chlamydial inclu- 
sions, important in microscopic diagnosis, consist of 
aggregates of these bodies in their vacuoles; they are 
best visualized by immunofluorescence or in Giemsa- 
stained cell smears. By an unknown mechanism, chla- 
mydiae inhibit the fusion of lysosomes with primary 
phagosomes, and are thus protected from attack by 
proteases and oxygen-derived free radicals. 

Chlamydiae synthesize their own nucleic acids but 
not their own ATP, and unlike viruses they cannot 
dictate host cell synthesis of new products. They have 
therefore served as unique models for analyzing para- 
site-host cell metabolic interactions.*? Some human chla- 
mydial infections such as inclusion body conjunctivitis 
and ornithosis are acute; others such as trachoma or 
venereal disease tend to be protracted, causing chronic 
inflammatory reactions, including granulomas. Both an- 
tibodies and cellular immunity are induced, but neither 
seems to cope effectively with established chronic infec- 
tions. The subclassification of chlamydiae is still in a 
state of flux. Table 8-3 lists the known serotypes and 
corresponding human diseases. 


Table 8-3. HUMAN CHLAMYDIAL DISEASES AND SPECIES 


Species and Serotype Diseases 


Transmission 


Chiamydia psittaci 
Chlamydia trachomatis 
A, B, Ba, C 
D, E, F, G, H, |, J, K 


Ornithosis (psittacosis) 


Trachoma 
Inclusion conjunctivitis 


Nongonorrheal urethritis 
Postgonorrheal urethritis 


etc. 


Proctitis, pharyngitis, cervicitis, arthritis, 


Lymphogranuloma venereum 


Aspiration of bird-contaminated particles 


Repeated contact, fomites, insects 
Birth canal infection (infants) 
Sexual contact, swimming (adults) 
Sexual contact 

Sexual contact 

Sexual contact 


Sexual contact 


Ornithosis (Psittacosis) 


Ornithosis is caused by C. psittaci, transmitted to 
man by inhalation of dust-borne contaminated excreta 
from infected birds. Not just parrots, but many species 
of birds from canaries to seagulls, sick or ostensibly 
well, may harbor and transmit this infection.® Rarely, 
the disease is acquired through the bite of a bird or by 
direct contact with a patient. Household and larger 
epidemics have been reported. In man, inhalation of 
the agent may lead to an asymptomatic infection, a 
transient flulike illness, or to a serious, even fatal, 
pneumonia. 

The incubation period varies from one to three 
weeks and is followed by the relatively sudden onset of 
fever and chills, malaise, headache, sore throat, and a 
nonproductive cough of variable severity. As in viral 
pneumonitis, dyspnea and hyperpnea may be pro- 
nounced at a time when cough, sputum, and chest 
physical signs are scarce or absent. X-ray findings do 
not always convey the extent of interstitial lung involve- 
ment. However, in the severest cases, there is pulmo- 
nary edema, alveolar damage, and consolidation; bac- 
terial superinfection may further complicate the picture. 


The lung has focal, dusky areas of increased consis- 
tency and hyperemia and is increased in weight. The pleural 
surfaces are usually not affected. The bronchi and bron- 
chioles show little change but in some cases considerable 
hyperemia, edema, and mucopurulent exudation are pres- 
ent, probably owing to secondary bacterial contamination. 
Histologically, there is edema and mononuclear leukocytic 
infiltration within the alveolar septa. Seroproteinaceous fluid 
or fibrin may accumulate in the air spaces, accompanied by 
mononuclear leukocytes. The alveolar septal cells are often 
hypertrophic and cuboidal. Occasionally, intracytoplasmic 
bodies can be identified in these alveolar cells with the 
Giemsa or immunofluorescent technique. They appear 
as coccoid bodies, 0.25 to 4.0 p, dark blue on Giemsa stain 
of smears or sections. Necrosis of alveolar septa may lead 
to the formation of abscesses accompanied by neutrophilic 
infiltration or hemorrhages. There is focal variation in the 
severity of lung involvement. The hilar nodes are usually 
enlarged and edematous, and show reticuloendothelial hy- 
perplasia and acute lymphadenitis. Lethal generalized dis- 
ease, seen mainly in epidemics, is marked by focal necroses 
in the liver and spleen, and diffuse mononuclear infiltrative 
changes in the kidneys, heart, and (sometimes) brain. The 
reticuloendothelial cells of the liver may contain intracyto- 
plasmic elementary bodies. Similar foci may be present in 
the spleen accompanied by diffuse reticuloendothelial hy- 
peractivity. Swelling of cardiac muscle fibers and interstitial 
edema can occur in the heart. The CNS changes consist of 
nonspecific edema, congestion, and occasional foci of hem- 
orrhage, both in the brain substance and in the meningeal 
coverings. 


In the usual case, after two to three weeks of 
illness, the condition improves spontaneously or with 
therapy, and most patients recover. A fourfold rise in 
specific antibody to C. psittaci is considered diagnostic 
and can be confirmed by yolk sac or tissue culture 
inoculation. The prognosis is dependent on the viru- 
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lence of the infective agent, and fatality rates ranging 
from 5 to 40% have been reported. It is important to 
note that immunity to this infection is incomplete, and 
the carrier state may persist for years following recovery 
from active disease. 
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Chlamydial Urethritis and Cervicitis 


These venereal infections are now the most fre- 
quent forms of chlamydial disease in the U.S., where 
more than half a million new cases of “nongonorrheal 
urethritis’ are being reported annually, largely in males. 
Close to 50% are due to one of eight serotypes of C. 
trachomatis (Table 8-3). Chlamydiae can also be cul- 
tured from 30 to 50% of the asymptomatic female 
partners of these infected males, and from women with 
chronic cervicitis. The range and location of lesions 
caused by the chlamydiae parallel those of the gonococ- 
cus (p. 310). In the male, the urethritis may extend to 
produce acute epididymitis; in the female, extension 
results in salpingitis and pelvic inflammatory disease. 
Indeed, C. trachomatis may eventually replace the 
gonococcus as the foremost venereal pathogen in the 
U.S. and Europe. Infants born of infected mothers may 
acquire inclusion conjunctivitis and sometimes neonatal 
pneumonia, infections that may also be acquired by 
adults.* In addition, the role of chlamydiae in triggering 
Reiter s syndrome (p. 1362) is currently under study. 

The symptoms, signs, and pathologic lesions of 
chlamydial urethritis and cervicitis are also remarkably 
similar to those related to Neisseria gonorrhoeae, but 
the incubation time for chlamydial infection is longer 
and the duration of symptoms more prolonged. The 
infection is often recognized by its persistence following 
treatment for gonorrhea (“postgonococcal urethritis”). 
Microscopically, both organisms cause suppurative ex- 
udation, but in chlamydial infection one sees inclusions 
in epithelial cells rather than cocci in the leukocytes of 
the exudate. Former dependence on the demonstration 
of typical inclusions in cell smears has been alleviated 
by the use of culture on McCoy cells, and of fluorescent 
antibodies that reveal both inclusions and elementary 
bodies and provide greater diagnostic accuracy. A mi- 
crocomplement fixation test for type-specific chlamydial 
antibody is also available in specialized venereal disease 
centers and is applicable to cervical secretions as well 
as to serum. 


Inclusion Conjunctivitis 


This is a benign, self-limited, suppurative conjunc- 
tivitis that occurs in newborns of mothers having C. 
trachomatis birth canal infections. Adults acquire this 
disease by contamination with genital secretions or by 
bathing in unchlorinated swimming pools (“swimming 
pool conjunctivitis’). The chlamydial inclusions seen in 
the exudate are identical with those of trachoma, but 
this more benign conjunctivitis is due to a different 
group of C. trachomatis serotypes (Table 8-3). 
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The incubation time, as assessed in newborns, 
varies from five to 12 days and the disease can last for 
several months if untreated. It is characterized by 
conjunctival hyperemia, edema, and a monocyte rich 
purulent exudate, which diminishes after the first two 
weeks. In adult patients, lymphocytic infiltration is 
prominent, but lymph follicle formation is rare and the 
pannus (inflammatory membrane) and corneal scarring 
seen in trachoma do not occur. Certain differentiation 
from trachoma depends on type-specific antisera and on 
the immunoperoxidase and serologic methods employed 
for the diagnosis of urethral and cervical infections. 


Trachoma* 


Trachoma is a chronic suppurative eye disease with 
follicular keratoconjunctivitis caused by subtypes of C. 
trachomatis (Table 8-3). It is one of the leading global 
causes of blindness. Although the agent is widespread 
in many countries, progressive trachoma is seen mostly 
in dry and sandy regions and among poor people and 
nomads. In these endemic areas, the infection is ac- 
quired during childhood by repetitive exposures over 
months or years. The responsible chlamydial strains 
have been shown to enter cultured human cells only 
with difficulty.® 

Trachoma is transmitted by direct human contact, 
by contaminated particles (fomites) and, very likely, by 
flies also. Infections can be either self-limiting or pro- 
gressive; the latter type passes from a suppurative stage 
resembling inclusion conjunctivitis to deeper tissue in- 
volvement, with lymphoplasmocytic infiltration and for- 
mation of lymphoid cell follicles. The upper limbus of 
the cornea and the upper tarsal plate tend to be most 
severely involved by epithelial hyperplasia and follicular 
hypertrophy. Soon, the conjunctiva ulcerates, and pen- 
etration into the cornea leads to pannus formation, 
fibroblast ingrowth, scarring, and eventual blindness. 
The scarring also hampers closure of the eyelids, in turn 
promoting bacterial superinfection. Furrowing of the 
mucosa overlying the tarsal plate and pitting of the 
upper rim of the limbus are characteristic late deform- 
ities of trachoma. Tragically, despite the good response 
of this infection to sulfonamides and antibiotics, many 
young people in developing countries have lost their 
eyesight to trachoma for lack of access to medical care.” 


Lymphogranuloma Venereum (LGV) 


Lymphogranuloma venereum (or inguinale) is a 
venereally transmitted disease caused by the L-1, 2, or 
3 serotypes of C. trachomatis. It is not to be confused 
with granuloma inguinale, a bacterial venereal infection 
(p. 339). In contrast to other relatively superficial chla- 
mydial infections, following the initial involvement of 
the genitalia, it promptly involves the lymph nodes, 
and in its rare generalized form can even cause distant 
lesions in many organs of the body. Largely a disease 
of tropical climes, its prevalence is low in the U.S., 
although it continues to be imported and is often spread 


to multiple sexual partners together with other venereal 
infections. 

LGV infections resulting from heterosexual inter- 
course localize on the external genitals of either sex, but 
in males they tend to spread to inguinal nodes, in 
females to deep and perirectal lymph nodes.* Since the 
external lesions on the genitalia are painless, late stages 
of the infection are sometimes discovered, especially in 
females. Labial, buccopharyngeal, digital, or anorectal 
infections spreading to the corresponding lymphatic 
draining sites may result from variant sexual behavior 
or from incidental or laboratory contact, posing difficult 
diagnostic problems. A history of rapidly developing 
tender, matted, fluctuant lymph node swellings (buboes) 
should arouse suspicion of LGV but can be mimicked 
by other infections. 

The clinical disease is best considered by stages. 
Chlamydial entry and tissue invasion are asymptomatic. 
The first disease stage is heralded by the appearance of 
genital or anorectal lesions at the site of introduction of 
the agent; however, in more than one-half of reported 
cases, these either are inapparent or never develop. 
About one to two weeks later, the second stage is 
initiated by the progressive swelling and enlargement 
of the regional nodes of drainage, either unilateral or 
bilateral. This stage may last from days to many weeks. 
Much later, a third stage is encountered in a small 
percentage of the patients, consisting of either elephan- 
tiasis of the genitals due to lymphatic obstruction or, in 
females, of fibrous strictures of the rectum due to 
inflammatory scarring. Patients in these late stages may 
have hyperglobulinemia, presumably related to the plas- 
mocytosis found in the lesions. 


The earliest lesion is a small intraepidermal or subepi- 
dermal vesicle that soon ruptures to create a shallow inflam- 
matory ulcer, either genital or extragenital. The surface of 
the ulcer is bathed in a neutrophilic exudate. The ulcer base 
shows a fairly nondescript mononuclear leukocytic infiltration 
accompanied by edema, fibroblastic proliferation, some vas- 
cular engorgement, and endothelial cell hyperplasia. Occa- 
sionally, granulomas similar to those that occur in the lymph 
nodes occur in the base of these ulcerations. Chlamydial 
inclusions may be seen in the phagocytes within these 
lesions. 

The regional lymphadenitis is characterized by the pro- 
gressive swelling of the nodes, creating large, painful bu- 
boes. The nodes first are discrete, but as the inflammatory 
reaction extends into the perinodal tissue, they become 
matted together. Early in the disease, they have a pink, 
hyperemic, succulent appearance, but as the inflammatory 
reaction matures, suppurative necrosis transforms them into 
fluctuant sacs. These buboes may rupture through the 
overlying hyperemic skin to produce draining sinuses. 

Histologically, the nodes first show nonspecific, diffuse 
reticuloendothelial hyperplasia and permeation by mononu- 
clear leukocytes. However, aggregates of macrophages 
soon develop into small granulomas. The centers then 
become necrotic to create minute abscesses. As these 
lesions coalesce, they form irregular linear or branching 
“stellate abscesses,” consisting of focal areas of sup- 
puration enclosed within a granulomatous wall, a lesion 
distinctive but not pathognomonic of LGV (recall cat-scratch 


fever and certain fungal infections).°® The centers of the 
abscesses contain neutrophils in varying stages of preser- 
vation, about which there is a radially arranged palisade of 
epithelioid cells, sometimes replete with Langhans’ or foreign 
body giant cells (Fig. 8-8). Elementary or inclusion bodies 
can sometimes be visualized in these cells with Giemsa 
stain or immunofluorescent methods. About the enclosing 
wall there is an intense infiltrate of plasma cells and lympho- 
cytes. Blood vessels in this inflammatory wall are dilated 
and often show endothelial proliferation. 

With chronicity the infection may last for many weeks 
or months, leading to considerable fibroblastic proliferation 
and scarring of the nodes. Thus, the late sequelae of LGV 
stem from fibrosis and lymphatic blockage; chlamydial 
inclusions become scarce and may not be found, and 
granulomas may be absent, although plasma cell infiltrates 
tend to persist. Marked edema and elephantiasis of the 
female external genitalia is known as “esthiomene.”’ 
Elephantiasis of the penis may develop. Because of the 
drainage of the infection to the perirectal and deeper pelvic 
nodes in the female, chronic fibrosis about the rectum 
produces strictures that are sometimes difficult to differen- 
tiate from rectal carcinoma.*’ 


The diagnosis of LGV can usually be suspected by 
the clinical finding of large, fluctuant buboes or draining 
sinuses, especially if they bulge both above and below 
the inguinal fold, divided by a “groove.” Similarly, the 
combination of rectal stricture and perineal deformity 
in a young female is highly suggestive. Characteristic 
histologic lesions with inclusion bodies confirm the di- 
agnosis. The Frei test, formerly the mainstay of diag- 
nosis, is a delayed-hypersensitivity skin reaction using 


Figure 8-8. Lymphogranuloma venereum. The margin of a char- 
acteristic “stellate” abscess rimmed by a granulomatous reaction. 
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antigen from yolk sac cultures of C. trachomatis. Be- 
cause this antigen crossreacts with other more common 
chlamydiae, it is no longer widely used. The LGV 
complement fixation antigen shows similar cross reactiv- 
ity, although high titers of this test are of some diagnostic 
help. A serotype-specific microimmunofluorescent test 
for L-type chlamydiae has recently been developed but 
is as yet available only in specialized centers. Definitive 
diagnosis can also be made from aspirates of buboes by 
growth of the agent in tissue culture. Early stages of 
the infection respond slowly to antibiotics, but the 
fibrosing late lesions may require surgical intervention. 
It should not be overlooked that LGV patients fre- 
quently harbor other venereal diseases, including latent 
syphilis. 


RICKETTSIAL DISEASES 


Rickettsiae are small, bacteria-like, obligate intra- 
cellular parasites with leaky cell walls that can peacefully 
perpetuate themselves in arthropod vectors by transo- 
varial transmission,” but promptly change to a patho- 
genic mode when deposited in mammalian tissue. Here, 
they actively penetrate host cells and, after briefly 
lodging in phagosomes, escape into the cytosol where 
they multiply, free of lysosomal attack. Rickettsiae do 
not produce toxins and the manner by which they 
damage tissues is uncertain; activation of endogenous 
phospholipase A? could explain the necrosis, hemolysis, 
and disseminated intravascular coagulation (DIC) that 
complicate severe rickettsial infections.” A listing of 
rickettsial species and diseases is given in Table 8-4. 

Rickettsiae begin multiplying at the inoculation site 
where a dark, swollen, crusted skin lesion (eschar) may 
or may not be formed. Hence, they disseminate via the 
bloodstream, causing an acute febrile reaction. All but 
one rickettsial species (that of Q fever) share an affinity 
for the endothelium of small blood vessels. Swelling and 
spotty destruction of these cells results in bleeding, 
sometimes thrombosis, and in purpuric skin rashes. 
These are especially severe in Rocky Mountain spotted 
fever (RMSF), whose agent also invades arteriolar 
smooth muscle cells. Perivascular inflammatory cells, 
especially mononuclear phagocytes, take up, dissemi- 
nate, and ultimately dispose of the rickettsiae, but the 
effector mechanism by which the rickettsiae are killed 
in their intracytoplasmic sanctuaries is unclear. Cell- 
mediated immunity has been linked with host recovery 
and, following vaccination or cure, protective antibodies 
against reinfection are generated, resulting in lasting 
immunity. However, late recurrences may ensue, es- 
pecially in typhus fever caused by R. prowazekii, indi- 
cating that the immune responses are not always totally 
effective and that this agent can assume a latent form. 
Inflammatory responses to rickettsiae are typically 
mononuclear aggregates or “nodules” composed of ac- 
tivated macrophages and lymphocytes, and are best 
appreciated in CNS lesions. Neutrophils appear mainly 
at sites of necrosis. The antibodies to rickettsiae that 
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appear during the second week of infection cross-react 
with the stable laboratory OX strains of the common 
gram-negative bacillus Proteus vulgaris, providing the 
widely available Weil-Felix test used to identify current 
or past rickettsial infections by group but not by species. 
It is being replaced by more specific rickettsial comple- 
ment fixation and agglutination tests. Given the urgency 
of early treatment for such life-threatening infections as 
RMSF and typhus, direct demonstration of rickettsiae 
by immunofluorescence is increasingly replacing the 
temperamental special stains formerly used in tissue 
biopsies. 


Typhus Fever 


There are three forms of typhus fever: (1) epidemic 
(or primary) louse-borne typhus, (2) Brill-Zinsser dis- 
ease (a recrudescence of an earlier louse-borne infec- 
tion), and (3) murine or flea-borne typhus fever. All 
three diseases are clinically and pathologically similar. 
They differ principally in their epidemiology, severity, 
and causative agents. Epidemic typhus has always been 
one of the horrors of war. Hans Zinsser’s book, Rats, 
Lice and History®! vividly describes its role in past 
campaigns, including the defeat of Napoleon. This dis- 
ease again became epidemic during World War II, and 
in 1975 in strife-torn Uganda, and now awaits its next 
opportunity (if there are any survivors of nuclear 
bombs). 

The typhus agent, Rickettsia prowazekii, approxi- 
mately 300 nm in diameter, bears three known antigens, 
one associated with the cell wall; another with the 
cytoplasm; and a third, soluble erythrocyte-sensitizing 
antigen. It is transmitted from man to man by human 
head and body lice (Pediculus humanus capitis or cor- 
poris), which are themselves infected by biting a typhus 
patient during the febrile period of the disease. In the 
few sporadic human infections reported, the flying 
squirrel may act as a reservoir host.” The organisms 
multiply within the cells lining the gut of the louse and 
pass out with the feces. When the louse feeds, its 
human victim scratches the irritated site, thereby intro- 
ducing the infective feces into the skin puncture. A local 
area of hemorrhage may mark the site of the bite, but 
an eschar is not common. It is also possible to contract 
the disease without being infested by lice; thus, transfer 
has occurred merely by contact of a skin abrasion with 
contaminated clothing. 

After an eight- to 15-day incubation period, head- 
ache, weakness, chills, and fever appear, followed in a 
few days by a generalized skin rash. During the period 
of chills and fever, blood-borne dissemination is taking 
place. At first the rash is maculopapular and pink to 
bright red, and pressure will blanch it, but during the 
second week lesions become darker and fixed. Charac- 
teristically, the rash begins on the trunk and extends 
centrifugally. In very severe cases, the individual mac- 
ules and papules coalesce to produce irregular mottling 
and maplike blotches. During the second week, there 
is usually CNS involvement in the form of apathy, 
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progressing to dullness, stupor, and even coma; some- 
times this progression is punctuated by episodes of wild 
delirium. If the patient recovers, the rash begins to fade 
and the temperature begins to subside toward the end 
of the third week. Most fatalities occur during the 
second and third weeks of the illness. During some 
epidemics, the mortality from typhus has risen to 50%, 
but today, with effective antibiotics, the death rate is 
below 10%. 


In milder cases, the macroscopic changes are limited 
to the skin rash and small hemorrhages incident to the 
vascular lesions. In more severe cases with DIC there may 
be areas of necrosis of the skin with gangrene of the tips of 
the fingers, nose, ear lobes, scrotum, penis, and vulva. In 
such cases, irregular ecchymotic hemorrhages may be found 
internally, principally in the brain, heart muscle, testes, 
serosal membrane, lungs, and kidneys. 

The microscopic findings in all cases tend to be far 
more widespread than the gross alterations would sug- 
gest. Most prominent are the small vessel lesions that 
underlie the rash, and the focal areas of hemorrhage 
and inflammation in the various organs and tissues 
affected® Endothelial proliferation and swelling in the cap- 
illaries, arterioles, and venules may narrow the lumina of 
these vessels. Rickettsiae can usually be demonstrated by 
immunofluorescent methods in these cells. Surrounding the 
involved vessels, a cuff of inflammatory mixed leukocytes is 
usually present (Fig. 8-9). The vascular lumina are some- 
times thrombosed but necrosis of the vessel wall is unusual 


Figure 8-9. Testis in typhus fever with a focus of interstitial 
leukocytic infiltrate and acute vascular lesions. 
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in typhus, as compared with RMSF. It is the vascular 
thromboses that lead to the gangrenous necroses of the 
skin and other structures. 

In the brain of untreated cases, the small vessel 
lesions tend to be limited to the gray matter and are 
often associated with focal microglial proliferations 
mixed with other leukocytes to produce the character- 
istic ‘typhus nodule” (Fig. 8-10). Microglial cells are 
also diffusely increased in numbers throughout the 
brain. Mononuclear cell meningitis, ring hemorrhages about 
the small vessels, and, occasionally, degenerative changes 
in ganglion cells may occur (presumably on an ischemic 
basis). In addition, an interstitial pneumonitis may be present, 
sometimes accompanied by exudative consolidation of al- 
veoli, most likely due to secondary bacterial invaders. Typi- 
cally, there is also nonspecific lymphadenitis and splenitis.© 
Diffuse perivascular mononuclear cell infiltrations as well as 
foci resembling the typhus nodules of the brain may appear 
in the heart, kidney, testes, and liver. 


INFECTIOUS DISEASES 


Because all the rickettsial infections resemble one 
another, the differential diagnosis of typhus fever can 
be difficult. Moreover, infections such as typhoid fever, 
meningococcemia, measles, and those caused by arbo- 
viruses produce similar febrile reactions with a rash. A 
high titer in the Weil-Felix reaction, although not 
specific, is strongly suggestive. Specific serologic tests 
(complement fixation and agglutination) are very impor- 
tant in establishing the precise diagnosis, but these 
become unequivocally positive only during the second 
week. 


i Tt hes See mame hea? 
Figure 8—10. A typhus nodule in the brain. 


Brill-Zinsser disease is a recrudescent form of epi- 
demic typhus, appearing as a relatively mild febrile 
illness years after the initial attack of typhus. In the 
U.S., this condition occurs mostly in Eastern European 
immigrants. The causative agent is, of course, that of 
epidemic typhus, but the factors that precipitate such 
recrudescence are unknown. In the few lethal cases 
studied, the histopathologic changes are essentially the 
same as in epidemic typhus, but the disease tends to 
be milder, and only rarely are focal necroses and gan- 
grene encountered. 

Murine typhus is an endemic form of rickettsial 
infection, somewhat milder than epidemic typhus. It is 
transmitted to man by rat fleas, and has a natural animal 
reservoir in rats and mice. Domestic cats and the cat 
flea have also been incriminated. The causative agent is 
R. mooseri (typhi).© Mortality from this infection is low 
in the U.S., but both the frequency and the mortality 
continue to be significant in Mexico. The anatomic 
changes are similar to those of epidemic typhus. Specific 
serologic tests are required to differentiate this disease 
from epidemic typhus. 


Rocky Mountain Spotted Fever (RMSF)* 


Spotted fevers are a group of rickettsial infections 
characterized by a prominent hemorrhagic rash. All are 
transmitted from animal reservoirs to man by ticks or 
mites, each disease linked to particular wild or domestic 
reservoir hosts, insect vectors, and ecologic settings 
(Table 8-4). Because there is no easy way of controlling 
the hosts and vectors or human contact with the latter, 
small outbreaks of spotted fevers are likely to continue 
throughout the world. 

The prototype disease is RMSF caused by R. 
rickettsi and transmitted by several species of hard ticks. 
The disease is limited to North and South America and 
is reported during every tick season in the Carolinas, in 
Virginia, up the Eastern seaboard, and (less frequently) 
elsewhere in the U.S. Ironically, it is uncommon in the 
Bitterroot Valley of Montana where it was originally 
discovered by H. T. Ricketts, the single-minded mi- 
crobe hunter who died of the infection he had described 
so well. In the last decade the annual number of cases 
in the U.S. has more than doubled. Although no age 
group is spared, many infections occur in children. 


Patients with RMSF may or may not recall the infective 
tick bite. A primary lesion that becomes hemorrhagic and 
necrotic and may lead to an eschar is rarely observed at the 
site of the bite. About two to 12 days later, a full-blown rash 
ensues. This is at first maculopapular, pink, and predomi- 
nantly peripheral in distribution, in contrast to the centrally 
distributed rash of typhus fever. Characteristically, the palms 
of the hands and soles of the feet are involved. Patients at 
this time are markedly febrile with chills, mental apathy, and 
sometimes stupor. In the course of the next few days, the 
rash extends centripetally and becomes hemorrhagic. In 
more severe cases, coalescence of lesions produces large, 
mottled ecchymoses or geographic maplike patterns. Be- 
cause the organisms penetrate deeply into the vessel walls, 
the vascular lesions that underlie the rash often lead to 


acute necrosis, fibrin extravasation, and thrombosis of the 
small blood vessels, including arterioles (Fig. 8—11). Foci of 
necrotic skin are thus induced, particularly on the fingers, 
toes, elbows, ears, and scrotum. Vascular necrosis and 
thrombosis are far more frequent with RMSF than with 
typhus and may mimic the necrotizing vasculitis of the 
collagen-vascular diseases. DIC is the harbinger of death in 
severe cases. The perivascular inflammatory response is 
otherwise similar to that of typhus, particularly in the brain, 
skeletal muscle, lungs, kidneys, testes, and heart muscle. 
The vascular necroses in the brain may involve larger 
vessels and produce focal areas of ischemic demyelinization 
or microinfarcts. A pneumonitis of primary rickettsial origin 
is present in severely affected patients and often predisposes 
to a secondary bacterial infection. 


Antibiotic and supportive therapy has reduced the 
mortality rate to 3 to 10%. Deaths are due to shock, 
DIC, renal failure, and CNS damage. RMSF is espe- 
cially severe in black patients with G6PD deficiency or 
other hemoglobinopathies. The anatomic changes of 
RMSF resemble, to a considerable extent, those of 
typhus, meningococcemia, and other bacterial and viral 
diseases responsible for hemorrhagic rashes, and these 
conditions must be ruled out by appropriate laboratory 
tests. Diagnosis is urgent, since the prognosis depends 
on the duration of illness before therapy is instituted. 
Immunofluorescent staining of rickettsiae in skin biop- 
sies can be of help.® A gas-liquid chromatographic 
method for early detection of rickettsial antigen in serum 
has recently been described.* Specific antibody tests 
become positive only later in the course. 


Scrub Typhus (Tsutsugamushi Fever)* 


Scrub typhus caused by R. tsutsugamushi is a mite- 
borne rickettsial disease endemic largely in Southeast 
Asia, the U.S.S.R., Australia, and the Pacific regions. 
It bears many resemblances, both clinically and patho- 
logically, to both typhus and spotted fever. It is char- 
acterized by fever, headache, lymphadenopathy, and 


Figure 8-11. RMSF arteritis with mural thrombus and red cell 
extravasation. 
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sometimes a maculopapular rash. In most cases, but not 
all, an eschar develops “right at the site of the bite of a 
mite —to be more accurate, the bite of the larval form 
of the mite. There is a wide reservoir of infection in 
wild rodents. The mites themselves provide another 
reservoir. 


The disease begins in most patients with the appear- 
ance of an eschar, which may be large, indurated, and 
black, at the cutaneous site of attachment of the larval mite. 
The organisms multiply, drain to regional nodes to produce 
lymphadenopathy, and then disseminate through the blood 
system. Once again, the skin, brain, lung, serosal surfaces, 
kidney, heart, and other organs are affected in a distribution 
similar to that of typhus and spotted fevers. Vascular necro- 
sis and thrombosis is much less frequent in this condition, 
and so the rash is rarely hemorrhagic. Also, the perivascular 
inflammatory response is far less prominent. In the brain, 
the lesions usually consist of a few minor vascular and 
perivascular reactions, with the occasional formation of glial 
nodules. A scant meningitis may be present, characterized 
principally by an accumulation of mononuclear cells in the 
subarachnoid space. Interstitial pneumonitis of rickettsial 
origin, sometimes with a superimposed bacterial pneumonia, 
is encountered in more severe cases. Somewhat distinctive 
of this condition is the tendency for involvement of serous 
surfaces, i.e., peritonitis, pleuritis, and pericarditis.°’ 


The mortality rate has in the past been reported to 
be high, but since laboratory diagnosis has made it 
possible to recognize mild infections and since antibiotic 
therapy became effective, fatalities have become rare 
(about 2%). The diagnosis rests with identification of the 
causative agent and with specific serologic tests.® 


Q Fever 


Human Q fever, caused by Coxiella burnetii, is 
usually transmitted to man by the respiratory route from 
infected animals, especially sheep and cattle. Unlike 
other rickettsial infections, Q fever causes no eschar or 
skin rash and can therefore mimic other infections that 
induce headache, cough, myalgia, swollen lymph nodes, 
or hepatosplenomegaly.® 

In nature, this zoonosis is spread by ticks among 
many wild animal species, sheep, and cattle. Since the 
rickettsia is exceptionally resistant to drying, it can also 
be transmitted by inhalation of airborne particles— 
human infection is most frequently airborne; those 
handling pregnant or lactating cows or sheep, drinking 
unpasteurized milk, or working in slaughter-houses are 
at highest risk. Individuals even a mile distant from an 
infected herd are known to have become infected. A 
negative occupational history, therefore, does not ex- 
clude this infection, although a positive one suggests it. 

The usual incubation period is three weeks; the 
onset of the disease with fever is sudden but in about 
ten days is followed by slow convalescence. Bradycardia, 
hepatosplenomegaly, and myalgias are among the more 
frequent findings. The mortality rate is less than 1% 
even without treatment. Respiratory involvement 
ranges from only a dry cough to severe interstitial 
pneumonitis resembling viral pneumonia, ornithosis, or 
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“primary atypical pneumonia.” Pulmonary bacterial su- 
perinfection or, rarely, infection of the heart valves or 
progressive liver failure (which may be indistinguishable 
from viral hepatitis) account for the few deaths. 


INFECTIOUS DISEASES 


In fatal cases there is an interstitial pneumonia vir- 
tually indistinguishable from viral pneumonia or “pri- 
mary atypical pneumonia.” Nearly confluent involvement 
of both lower lobes is characteristic. The alveolar walls are 
thickened by edema and a predominantly mononuclear 
infiltrate with focal exudation of fibrin and mononuclear, 
sometimes foamy, phagocytes. Necrosis of alveolar walls or 
extensive consolidation may develop, probably from bacterial 
superinfection. In severe prolonged disease, small granu- 
lomas may appear in the spleen, liver, or bone marrow, 
some with epithelioid cells radially arranged around a fat- 
containing vacuole ringed by fibrinoid material (ring granu- 
lomas).”°.”' These changes are suggestive but not diagnostic 
of Q fever. Focal perivascular inflammatory infiltrates may 
be seen in many other organs, and very rarely (in patients 
with immunodeficiencies) rickettsial endocarditis. 


On Australian sheep farms and California cattle- 
raising areas, Q fever is well-known, but in areas of 
lower endemicity it is often not suspected until more 
common fevers have been ruled out. Sometimes it may 
be diagnosed only retrospectively. The Weil-Felix test 
is of no help, but a complement fixation test using a C. 
burnetii antigen obtained from chick embrvo cultures 
(“phase 2 antigen’) is available. A fourfold rise in titer 
or a single high titer should confirm the diagnosis after 
the second week. Although C. burnetii can be visualized 
in biopsies by immunofluorescent staining, this is rarely 
necessary except in prolonged and atypical cases. 


MYCOPLASMA DISEASES 


Mycoplasmas are also called pleuropneumonia-like 
organisms (PPLOs) or Eaton agents. They are almost 
ubiquitous in nature both as saprophytes and as para- 
sites, yet their biology and pathogenicity are perhaps 
the least well understood of any infectious agent.” They 
resemble the so-called L-forms of bacteria and are tiny 
organisms (125 to 350 nm) of polymorphous shape that 
form slow-growing, small, sometimes fried-egg—shaped 
colonies on special cell-free media. They can also be 
grown in yolk sac or tissue cultures. Not only are they 
the tiniest free-living organisms known, but they are 
also the cause of many important diseases of fowl and 
cattle; indeed, mycoplasmas have been isolated from a 
vast number of animals and plants, far down the evo- 
lutionary scale. 

M. pneumoniae, a proved human pathogen causing 
primary atypical pneumonia, behaves as an extracellular 
human parasite and incites epithelial damage in the 
airways, eliciting predominantly mononuclear inflam- 
matory reactions resembling those in viral infections. 
Host responses to other mycoplasmas in man and in 
animals differ widely in course and character; some 
resemble gram-negative infections, resulting in neutro- 
phil-rich purulent exudate. Small wonder, then, that 


from time to time mycoplasmas are cultured from dis- 
eases of obscure cause, such as infections of the lower 
urinary tract (p. 1030). 


Mycoplasma Pneumonia 


It is estimated that M. pneumoniae causes about 10 
to 30% of primary interstitial pneumonias, mostly in 
adolescents and young adults. These infections are 
sometimes epidemic among military recruits and in 
closed institutions. The pulmonary involvement is very 
similar to that of viral pneumonia, described on page 
280. In the few fatal cases studied,” the pulmonary 
changes induced by the mycoplasma were complicated 
by bacterial superinfection. M. pneumoniae elicits both 
19S and 7S complement-fixing antibody. It also elicits, 
in about 40% of infections, immunoglobulins that ag- 
glutinate human Group-O red cells at 4°C—‘cold ag- 
glutinins,” a test frequently used to confirm the diag- 
nosis. It is also sometimes the cause of false-positive 
serologic tests for syphilis or streptococcal infections. 
Although the mycoplasma pneumonia may last for 
weeks, even after the fever abates, mild infections 
detectable only by the cold agglutinin test are most 
common. Death is rare, and treatment with wide- 
spectrum antibiotics is effective. 


BACTERIAL, SPIROCHETAL, AND 
MYCOBACTERIAL DISEASES 


The extracellular bacterial pathogens of man must 
resist early engulfment by neutrophils in order to gain 
a foothold in host tissue, and many have remarkably 
effective mechanisms to favor their survival. Some gen- 
erate toxins lethal for leukocytes and other host cells, 
e.g., the gas-forming anaerobes, and anthrax bacilli. 
Others, such as the pneumococci, solve their survival 
problems by forming slippery hydrophilic capsules that 
resist attachment to wandering neutrophils. Pneumo- 
coccal capsules also weakly activate the alternate com- 
plement pathway, but high-affinity binding via Fe re- 
ceptors is delayed until macrophages have ingested 
sufficient numbers for effective antigen presentation and 
opsonizing antibody can be formed by specific B-cell 
clones. In addition, the pneumococci are capable of 
more than 80 permutations of their capsular polysaccha- 
rides, so that in repeated infection the host is unlikely 
to recognize the new serotype. Borrelia recurrentis, a 
spirochete, is programmed to switch on new sets of 
antigenic surface determinants repeatedly before each 
successive clone is exterminated. This results in several 
clinical bouts of relapsing fever. Programmed antigenic 
variation or plasmid-induced antigenic variation is com- 
mon among bacteria, but the full significance of either 
in the pathogenesis of human infection is still to be 
clarified.“ 

Facultative intracellular bacteria such as the tu- 
bercle bacillus, Brucella, and other chronic infectious 
agents Jack mucoid capsules and quick-acting toxins. 
They counteract phagocyte aggression after being inte- 
riorized, either by inhibiting fusion of phagocytic vac- 


uoles with lysosomes or by somehow shielding them- 
selves from the free radicals and enzymes generated 
around them. Unlike viruses and rickettsiae, they cannot 
leave the phagosomes. Nonetheless, they have the 
potential of establishing latent foci of infection capable 
of long-term reactivation, often resulting in granuloma- 
tous lesions. Bacterial survival in the face of effective 
phagolysosome fusion is attributed to specific surface 
components, the best-known examples being the long- 
chain lipids and waxes of mycobacterial cell walls, such 
as “cording factor” (p. 342). Experimental analysis of 
phagosome function in intracellular infections is 
continuing” and should promote an understanding of 
the initiation and chronicity of several important human 
diseases, especially those in which foamy macrophages 
containing many large phagosomes are features, e.g., 
leprosy, leishmaniasis, rhinoscleroma, malakoplakia (p. 
1069), and the so-called xanthogranulomatous infections 
(p. 1035). 

Having established themselves, bacteria can dam- 
age host tissues directly in a number of ways. 

1. Species capable of fast geometric multiplication 
soon reach sufficient numbers to compete with the 
nutritional requirements of host tissues; at the same 
time, their waste products may alter the local pH or 
oxygen tension or otherwise interfere with eukaryotic 
cell metabolism. 

2. The list of potentially harmful compounds syn- 
thesized by bacteria is virtually endless, yet relatively 
few bacterial products have been proved to have defined 
deleterious effects in vivo. Many bacterial leukocidins, 
hemolysins, hyaluronidases, coagulases, fibrinolysins, 
and others extracted from bacterial cultures act on their 
respective substrates in vitro, but their role in human 
disease remains presumptive. By contrast, in a few 
specific instances the so-called bacterial “exotoxins™ 
directly determine disease manifestations by known mo- 
lecular mechanisms. Diphtheria toxin is a prime exam- 
ple; the structural gene coding for its production resides 
in a lysogenic bacteriophage that infects Corynebacte- 
rium diphtheriae. The toxin is a proenzyme protein 
composed of a C-terminal fragment essential] for attach- 
ment and entry into cells and an enzymatically active 
N-terminal fragment that catalyzes the transfer of ADP- 
ribose from NAD into covalent linkage with elongation 
factor 2, thus halting the assembly of polypeptides on 
host cell ribosomes.” The toxic proenzyme of certain 
strains of Pseudomonas aeruginosa, named exotoxin-A, 
acts in an identical manner.” The heat-labile enterotox- 
ins of Vibrio cholerae and of Escherichia coli are likewise 
ADP-ribosyl transferases, but these enzymes catalyze 
transfer from NAD to the guanyl-nucleotide—dependent 
regulatory component of adenylate cyclase, thereby 
generating excess cAMP. Although the molecular mech- 
anisms of all these enzymes are related, they differ in 
their final pathogenic results: release of enterotoxin in 
the gut lumen activates the secretion of its mucosa, 
resulting in voluminous diarrhea and in loss of water 
and electrolytes; by contrast, wide dissemination of 
diphtheria toxin is first manifested by neural and myo- 
cardial dysfunction. 
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The gram-positive anaerobic clostridia are virtuosos 
of bacterial enzyme synthesis. C. perfringens, the agent 
of gas gangrene, literally digests host tissues, including 
the relatively resistant collagens. Its alphatoxin is a 
lecithinase that disrupts plasma membranes, including 
those of red and white blood cells. More selective and 
subtle are the toxins of C. tetani, a wound contaminant, 
and of C. botulinum, which grows in poorly preserved 
food rather than in human tissue. Tetanospasmin finds 
its way to the presynaptic terminals of the spinal inter- 
neurons, where it interferes with the release of inhibi- 
tory transmitter substance, thus inducing the violent 
muscular contractions that characterize tetanic spasm. 
Botulinus toxins block the release of cholinergic neuro- 
transmitters by intracellular Ca**, particularly at the 
neuromuscular junctions, resulting in progressive paral- 
ysis of the limbs, breathing muscles, and cranial motor 
nerves. Tetanus and botulinus toxins are so selective 
that the changes by which they kill can scarcely be 
visualized even by electron microscopy, and their po- 
tency is such that a pinch of either would theoretically 
suffice to depopulate an entire megalopolis. 

Toxin production by bacteria can be encoded by 
their own chromosomes as a stable species marker, but 
it can also be phage transmitted (as in diphtheria) or 
can be conveyed between bacterial strains or species by 
plasmids via the long sexual pili of these organisms. 
Thus, the enterotoxic ADP-ribosyl transferase of E. coli 
has proved to be plasmid transmissible. DNA hybridi- 
zation methods are being developed to determine the 
presence or absence of toxin-encoding plasmids in iso- 
lates of enteric bacteria, having rich promise of future 
clinical applications. * The bacterial cytogenetics of toxin 
production are analogous to those of antibiotic resis- 
tance; here, too, resistance sometimes depends on a 
specific inactivating enzyme, such as a beta-lactamase 
(penicillinase) encoded within plasmids transmitted from 
one bacterial strain or species to another.” 

3. Bacterial cell walls, especially those of gram- 
negative organisms, contain lipopolysaccharide-protein 
complexes, the so-called “endotoxins,” released mainly 
by disintegrating pathogens. The protein moiety of these 
molecules varies by species and can be discriminated 
by serotyping, but their lipopolysaccharide “business 
end’ is shared between species and accounts for the 
striking systemic effects (such as high fever, increased 
capillary permeability, shock, and DIC) seen in many 
severe infections. Some of the effects of endotoxins are 
attributable to their disruption of polymorphonuclear 
leukocytes with the release of their endogenous enzymes 
and pyrogens. Foci of necrosis in internal organs, in- 
cluding bilateral renal cortical necrosis (p. 1050), such 
as occur in endotoxemia, can be experimentally repro- 
duced by repeated endotoxin injections (the “Shwartz- 
man reaction ), or by blockade of the reticuloendothelial 
system prior to endotoxin challenge. Patients with gram- 
negative infections who undergo urinary catheterization 
or bowel surgery are candidates for endotoxemia, but 
thanks to better understanding and use of antibiotics, 
this complication has occurred less often latelv. 

4. Bacteria contain many particulate and soluble 
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antigens that evoke strong, often lasting host immune 
responses, both humoral and cellular. Antibodies cross- 
reacting with other parasite species are not unusual and, 
in some chronic infections such as syphilis, antibodies 
to common cell antigens, called reagins, are formed, 
and are indeed used for serologic diagnosis. Host defense 
against bacterial infections depends on phagocyte com- 
petence and on intact complement and immune systems 
(Chapters 2 and 5). Acting in concert, they must over- 
come the evasive parasite maneuvers outlined. In some 
instances, phagocyte competence bears the brunt of the 
defense; in others, the immune system. Many extracel- 
lular bacteria are vulnerable to circulating antibodies 
and are readily opsonized, while intracellular organisms 
succumb mainly to macrophages activated by cellular 
immunity. Some infections can be efficiently prevented 
by vaccination: e.g., immunization with modified bac- 
terial toxins (toxoids) will provide a safeguard against 
the ill effects of tetanus or diphtheria. By contrast, 
previous exposure to staphylococci provides little pro- 
tection against repeat challenge, and here resistance to 
infections depends largely on the host phagocytes. 

In the altered host, any of the links in the chain of 
host defense can be weakened and, by analyzing these 
defects, critical effector systems for different pathogens 
can be defined. For example, patients with defective 
leukocyte granules, as in the Chédiak-Higashi syndrome 
(p. 51), suffer from recurrent acute bacterial infections, 
especially by staphylococci. Individuals deficient in the 
Sth and Jater components of complement are especially 
vulnerable to Neisseria bacteremia.” T-cell immunosup- 
pressed patients frequently reactivate dormant infec- 
tions by tubercle bacilli or other intracellular parasites. 

Part of the abnormalities seen in acute infectious 
diseases can be host mediated. In acute infections, 
neutrophil pyrogens cause fever and neutrophil pro- 
teases contribute to liquefaction necrosis and abscess 
formation. In chronic granulomatous infection due to 
facultative intracellular parasites such as the tubercle 
bacillus, the hypersensitivity mechanisms causing cell 
damage have been difficult to dissociate from those 
responsible for host resistance (p. 343). Thus, the de- 
fensive response of the host can be regarded as a two- 
edged sword. On the one hand, it is critical to overcom- 
ing an infection; on the other hand, it may itself con- 
tribute to the production of damage. Perhaps for that 
reason, in chronic infections immunomodulatory T-cell 
circuits’! come into play that spontaneously dampen 
host inflammatory responses and render them more 
tolerable. In more practical terms, suppression of cell- 
mediated immunity by drugs is usually countervailing 
in chronic infection, although corticoid anti-inflamma- 
tory drugs have limited uses in reducing tissue responses 
when given concomitantly with specific antibiotics (e.¢., 
in tuberculous meningitis). 

When chronic infection becomes overwhelming, 
antigen-specific immunomodulation is sometimes re- 
placed by a state of profound, nonselective host anergy 
in which there is unresponsiveness of T cells to common 
skin antigens (e.g., those of fungi or streptococci), loss 
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of a previous reaction to tuberculin, and depressed 
lymphocyte response to mitogens. This can be accom- 
panied by marked B-cell stimulation and hypergamma- 
globulinemia of a polyclonal type, a state best exempli- 
fied in late, lepromatous leprosy. The progressive down- 
hill course that results from this anergy is seemingly 
irreversible, but has been reported to be reversed by 
vaccination with mycobacterial antigens.” 

Table 8-5 provides a working classification of bac- 
terial diseases that takes into account shared clinical and 
pathologic features likely to be considered in their 
differential diagnosis. 


PYOGENIC COCCI 


Organisms of this group evoke neutrophilic exuda- 
tions and together account for most suppurative lesions 
seen in medical practice, either as a pus-filled, walled- 
off abscess or as a spreading “cellulitis” or “phlegmon.” 
In the lung, suppuration may focally involve the ter- 
minal airways and alveoli (bronchopneumonia) or extend 
diffusely throughout the lobe (lobar pneumonia). Exu- 
dative and purulent lesions in other anatomic sites have 
been given specific names, to be cited below. In hospital 
practice other bacterial groups, especially the common 
gram-negative ‘rods (Table 8-5), have become increas- 
ingly important causes of suppurative lesions that are 
seldom sufficiently distinctive grossly or microscopically 
to suggest a particular causation. Microbiologic culture 
is therefore essential in all pyogenic infections. 


Staphylococcal Infections 


Micrococcus pyogenes var. aureus and var. der- 
matitidis (albus), i.e., the coagulase-positive and -neg- 
ative “staph.,” can infect any body site. S. aureus is the 
foremost cause of skin abscesses (furuncles, carbuncles) 
and of deep-seated suppuration in bones (osteomyelitis), 
and often contaminates traumatic and surgical wounds. 
Frequently it infects the lung, inducing severe, suppur- 
ative, often abscess-forming bronchopneumonia. S. au- 
reus is also a rare cause of severe, invasive enterocolitis. 
It may disseminate from any site to produce septicemia, 
endocarditis, or pyemia (metastatic abscesses). Strains 
infecting only the keratinized skin layer cause a honey- 
colored crusting dermatitis named “impetigo.” Staphy- 
lococcal toxins are involved in the “scalded skin syn- 
drome’ of babies, in food poisoning, and in the “toxic 
shock syndrome” of young women. S. albus is a less 
virulent pathogen; it often infects surgical wounds or 
lodges on prosthetic implants, necessitating their re- 
moval. 

Diverse strains pervade our homes and _ hospitals 
and inhabit the nasopharynx and skin of most people. 
Few are virulent S. aureus, but otherwise healthy 
people may carry them or be periodically afflicted bv 
mild skin or upper respiratory infections, spreading 
them to others by contact or droplet infection. Carriers 
and their infected ambience can be monitored by culture 
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Table 8-5. BACTERIAL, SPIROCHETAL, AND MYCOBACTERIAL DISEASES 


Clinical/Microbiologic Category 


Species 


Frequent Disease Presentations 


Infections by Pyogenic Cocci 


Septic Gram-Negative 
Infections, Common 


Septic Gram-Negative 
Infections, Rare 


Contagious Childhood 
Bacterial Diseases 


Enteropathic Infections 


Clostridial Infections 


Zoonotic Bacterial Infections 


Human Treponemal Infections 


Mycobacterial Infections 


Actinomycetaceae 


Staph. aureus, epidermidis 

Streptococcus hemolyticus, viridans 

Streptococcus pneumoniae 
(Pneumococcus) 


Neisseria meningitidis (Meningococcus) 


Neisseria gonorrheae (Gonococcus) 


“Escherichia coli 

“Klebsiella pneumoniae 

“Enterobacter (Aerobacter) aerogenes 
“Proteus sp. (mirabilis, morgagni, etc.) 
*Serratia marcescens 

*Pseudomonas sp. (aeruginosa, etc.) 


*Legionella sp. (pbneumophilia, etc.) 
Klebsiella rhinoscleromatis, ozenae 
Hemophilus ducreyi 
Calymmatobacterium donovani 
Bartonella bacilliformis 


Hemophilus influenzae ("H. flu”) 
Hemophilus pertussis 
Corynebacterium diphtheriae 


Enteropathogenic E. coli 
Shigella sp. 

Vibrio cholerae, etc. 
Campylobacter fetus, jejuni 
Salmonella sp. (1000 strains) 
Salmonella typhi 


Clostridium tetani 
Clostridium botulinum 


Clostridium perfringens, septicum, etc. 


*Clostridium difficile 


Bacillus anthracis 

*Listeria monocytogenes 

Yersinia pestis 

Francisella tularensis 

Brucella melitensis, suis, abortus 

Pseudomonas mallei, pseudomallei 

Leptospira sp. (many groups) 

Borrelia recurrentis 

Spirillum minus, Streptobacillus 
moniliformis 

Uncharacterized treponema-like agent 


Treponema pallidum 
Treponema pertenue 
Treponema carateum (herrejoni) 


*Mycobacterium tuberculosis hominis, 
bovis (Koch's bacillus) 

M. leprae (Hansen's bacillus) 

*M. kansasii, avium, intracellulare, 
fortuitum, etc. 

M. ulcerans 


*Nocardia asteroides 
Actinomyces israeli 


Abscess, cellulitis, pneumonia, septicemia 
URI, erysipelas, scarlet fever, septicemia 
Lobar pneumonia, meningitis 


Cerebrospinal meningitis 
Gonorrhea 


Urinary tract infection, wound infection, 
abscess, pneumonia, septicemia, 
endotoxemia, endocarditis, etc. 


Legionnaire’s disease 
Rhinoscleroma, ozena 
Chancroid (soft chancre) 
Granuloma inguinale 

Carrion’s disease (Oroya fever) 


Meningitis, URI, LRI 
Whooping cough 
Diphtheria 


Invasive or noninvasive gastroenterocolitis, 
some with septicemia 


Typhoid fever 


Tetanus (lockjaw) 

Botulism (paralytic food poisoning) 
Gas gangrene, necrotizing cellulitis 
Pseudomembranous colitis 


Anthrax (malignant pustule) 
Listeria meningitis, listeriosis 
Bubonic plague 

Tularemia 

Brucellosis (undulant fever) 
Glanders, melioidosis 
Leptospirosis, Weil’s disease 
Relapsing fever 

Rat-bite fever 


Lyme disease 


Venereal, endemic syphilis (lues) 
Yaws (frambesia) 
Pinta (carate, mal del pinto) 


Tuberculosis (phthisis) 

Leprosy 

“Atypical mycobacterial infections” 
Buruli ulcer 


Nocardiosis 
Actinomycosis 


*Important opportunistic infections. 
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and phage typing; by these methods hospital strains, 
often antibiotic resistant, can be distinguished from 
community imports and traced back to individual in- 
fected cases. Beta-lactamase producers were the first 
penicillin-resistant hospital strains to achieve notoriety. 
Recently, methicillin-resistant strains have emerged un- 
responsive to most antibiotics and have become a cause 
of wide concern. 

Staphylococci are infective only in large numbers. 
S. albus usually requires a breach of host barriers to 
enter. S. aureus, on the other hand, can infect the skin 
or respiratory tract without any overt preceding lesion, 
but is more likely to do so when there is lowered local 
resistance or an antecedent viral infection. Once estab- 
lished, untreated infections frequently become invasive 
and progressive. Even small skin lesions strategically 
located cannot be ignored (e.g., those of the upper lip 
or around the eye where the veins connect with dural 
sinuses). Walled off abscesses near a body surface may 
heal uneventfully by spontaneous rupture or after sur- 
gical drainage. On the other hand, deep rupture into a 
serosal cavity induces a severe empyema, suppurative 
peritonitis, or pericarditis. Rather than causing abscess 
formation, highly virulent strains may produce poorly 
demarcated, spreading cellulitis or interstitial pneu- 
monia, or may enter the bloodstream early, skipping 
lymphatic spread. A sudden rise in body temperature 
in any person having a staphylococcal infection should 
therefore receive prompt medical attention because of 
the implicit danger of endocarditis and of metastatic 
abscesses. 

Regional lymphadenitis secondary to an S. aureus 
infection is seldom as severe as the primary suppurative 
lesion it drains, but involvement of local veins may 
induce infected thrombi that can release pyemic bacte- 
rial clumps or septic emboli, more likely than transient 
bacteremias to implant on heart valves or in distant 
organs such as the lung, brain, meninges, or kidneys. 
S. aureus endocarditis can be right- or left-sided and 
still ranks as the most frequent, destructive, and lethal 
form of vegetative endocarditis (p. 580). S. aureus also 
may implant in large arteries, giving rise to mycotic 
aneurysms (p. 529). Staphylococcal septicemia origi- 
nates, in order of frequency, from lesions of the skin, 
lungs, kidneys, intestinal tract, or bones. In its fulminant 
form (so-called gram-positive shock), it kills before sub- 
sidiary lesions develop, but when less fulminant it may 
permit the formation of metastatic abscesses. S. aureus 
sepsis constitutes a medical emergency with a continuing 
high mortality rate despite antibiotics. §. dermatitidis 
sepsis tends to be more chronic and less dramatic. 

Culture is seldom falsely negative with staphylo- 
coccal infections and is the mandatory first diagnostic 
step in any suspected case, including antibiotic sensitiv- 
ities to guide therapy. Coagulase and hemolysin pro- 
duction are markers of virulence although their role in 
the pathogenesis of lesions is unclear. Equally unclear 
is the role of the numerous putative toxins, enzymes, 
and antigens other than the enterotoxin. Possibly in 
vivo, S. aureus protein A might inactivate immunoglob- 
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ulins by binding to the Fe fragment; in any case, 
protective immunity against these infections is, for clin- 
ical purposes, nonexistent Staphylococci are catalase 
producers and are therefore particularly dangerous for 
patients with impaired phagocyte numbers or functions 
(p. 654), who often suffer from repeated furuncles and 
other infections. They are also frequent invaders of 
patients with granulomatous disease of childhood (p. 
pa) 

Staphylococcal infections occur in any body site, 
but only the most common forms will be described 
here. 


FURUNCLE AND CARBUNCLE 


The furuncle, or boil, is a focal suppurative inflam- 
mation of the skin and subcutaneous tissue, either 
solitary or multiple, or recurrent in successive crops. 
Beginning in a single hair follicle (folliculitis), a boil 
develops into a growing and deepening abscess that 
eventually “comes to a head” by thinning and rupturing 
the overlying skin. A carbuncle involves a deeper sup- 
puration that spreads laterally beneath the deep sub- 
cutaneous fascia and then burrows superficially to erupt 
in multiple adjacent skin sinuses (Fig. 8-12). Furuncles 
occur anywhere in the skin, but are most common in 
moist, hairy areas such as the face, neck, axillae, groin, 
legs, and submammary folds. Carbuncles typically ap- 
pear beneath the skin of the upper back and posterior 
neck, where fascial planes favor their spread. Persistent 
abscess formation of apocrine gland regions, most fre- 
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Figure 8-12. Staphylococcal carbuncle at low power showing deep- 
seated suppuration. 


quently of the axilla, is known as hydradenitis suppu- 
rativa. Those of the nailbed (paronychia) or on the 
palmar side of the fingertips (felons) are exquisitely 
painful. They may follow trauma or embedded splinters, 
and if deep enough may destroy the bone of the terminal 
phalanx or detach the fingernail. The anatomic features 
of abscesses related to localized infections are detailed 
in Chapter 2. Although painful and disfiguring, most 
heal by themselves or after drainage, possibly leaving a 
small scar. However, spread and septic complications 
may occur, more often in diabetics or otherwise predis- 
posed persons. Not all localized skin suppurations are 
caused by staphylococci; many other pyogenic organisms 
can cause similar lesions. 


IMPETIGO 


In contrast to the burrowing staphylococcal infec- 
tions, those causing impetigo are strictly localized to the 
horny layer of the skin. Staphylococcal and streptococcal 
impetigo are described on page 1299. 


INFECTIONS OF SURGICAL WOUNDS 


Postoperative wound infections are often but not 
always caused by staphylococci, including their anti- 
biotic-resistant strains, sometimes traceable to carriers 
on the surgical team. Sutures and foreign bodies favor 
the persistence of such infections; inhalation anesthesia 
carries the risk of spread to the lungs. Most surgical 
wound infections remain superficial, but only adequate 
drainage of all purulent pockets can stem their progress; 
antibiotics alone are not effective as long as sequestered 
pus remains. 


UPPER RESPIRATORY INFECTIONS 


Staphylococci are more likely to colonize than to 
infect the upper airways, which must be kept in mind 
when interpreting throat cultures, but patients with 
agranulocytosis or who are severely debilitated can 
suffer severe, even necrotizing staph. pharyngitis, ton- 
sillitis, sinusitis, otitis, or retropharyngeal phlegmons. 
Trauma or impacted foreign bodies in these regions 
increase the risk. Unless treated, these infections may 
become life threatening. Suppurative sialoadenitis oc- 
curs in dehydrated patients, and in those with ductal 
obstruction by a sialolith as bacteria invade via the ducts 
and spread throughout the gland. None of these head 
and neck lesions is exclusively caused by staphylococci. 


STAPHYLOCOCCAL BRONCHOPNEUMONIA 


Although the anatomic changes conform to the 
general pattern described on page 733, this broncho- 
pneumonia is noted for its marked destructiveness.” 
The mucosa of the secundary and tertiary bronchi is 
promptly ulcerated as purulent inflammation erodes 
their walls, branching out into multiple alveolar ab- 
scesses. Escape of air into the lung interstitium may 
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occur in children and add to the ventilatory encroach- 
ment by forming air cysts that compress the surrounding 
lung. Fulminant infections may spread through the lung 
septa as well as the airways to induce an interstitial 
pattern of inflammation. More commonly, in adults, 
abscesses break into the pleura, resulting in empyema 
(p. 758); or bronchopleural fistulas if untreated, septic 
spread and complications are likely. Staphylococcal 
pneumonia is a particular risk in patients with pulmo- 
nary viral infections. Other predisposing conditions in- 
clude chronic pulmonary congestion and edema, chronic 
bronchiectasis, obstructive lung disease, bronchial 
asthma, and cystic fibrosis. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


STAPHYLOCOCCAL FOOD POISONING 


This disorder results from the ingestion of pre- 
formed enterotoxin and must not be confused with 
invasive staphylococcal enterocolitis or the food poison- 
ing caused by Clostridium botulinum (p. 325). It usually 
manifests itself as an acute, self-limited GI upset with 
nausea, vomiting, abdominal cramps, diarrhea, and 
prostration occurring within one to six hours of inges- 
tion of the offending food, usually custards, milk prod- 
ucts, or unrefrigerated meat. Recovery is equally 
prompt and a fatal outcome is rare. As in other nonin- 
vasive enteritides, mucosal lesions are not demonstra- 
ble. The toxigenic staphylococcus must be recovered by 
culturing the food rather than the patient's excreta. 
Frequently, the correct diagnosis can be presumed on 
the simple basis of the brief incubation and duration of 
this disorder, compared with other food poisonings. 


Toxic SHOCK SYNDROME 


This sporadic, unexpected, and sometimes fatal 
febrile illness of young women is characterized by 
volume-resistant shock, a diffuse macular rash, con- 
junctivitis, sore throat, and a pronounced GI upset. It 
can rapidly progress to renal and pulmonary failure and 
death.**: & It is usually associated with the use of vaginal 
tampons during menstruation from which staphylococci 
with unique toxins have been cultured; highly absorbent 
tampons, left in longer than usual, seem to increase the 
risk. A similar syndrome has been described in children 
with staphylococcal skin infection, but the responsible 
toxin has not yet been characterized. The toxic shock 
syndrome is easily confused with gram-negative endo- 
toxemia an | with acute infections of other causes, such 
as leptospirosis (p. 332). Culture of the cervical secre-- 
tions or the skin supports the diagnosis and permits 
selection of the appropriate antibiotic. During convales- 
cence, scaling of the skin of the extremities is commonly 
seen. 


Streptococcal Infections 


Although the morbidity related to these infections 
has decreased since the introduction of penicillin, strep- 
tococci still rank among the major human pathogens 
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even where medical care is readily available and much 
more so among the underprivileged. Broadly speaking, 
they cause two patterns of disease: (1) suppurative 
spreading infections, and (2) poststreptococcal hyper- 
sensitivity disease. Suppurative inflammations may arise 
in any site; they are characterized by a thin, nonviscid 
exudate and a tendency to spread widely. The post- 
streptococcal syndromes comprise rheumatic fever (p. 
571), immune complex glomerulonephritis (p. 1007), and 
erythema nodosum (p. 1288). Only the disorders result- 
ing directly from streptococcal invasion will be discussed 
here. However, the potential for poststreptococcal com- 
plications, sometimes following seemingly unimportant 
upper respiratory tract infections, makes prophylaxis 
and control a special concern. 

A great many groups and subtypes of these organ- 
isms have been identified by cultural, biochemical, and 
immunologic criteria. For our purposes, it suffices that 
the most common causes of disease in humans are the 
Lancefield group A beta-hemolytic streptococci, partic- 
ularly S. pyogenes. Group B organisms are found in 
perinatal sepsis and infections of the newborn; rarely, 
groups C and G or others cause respiratory infections. 
“Untypable” alpha (green) hemolytic organisms found 
in mouth flora, such as S. viridans, may cause endocar- 
ditis, usually in persons suffering from previous cardiac 
abnormalities (p. 580). More frequent today is bacterial 
endocarditis due to the D-group anaerobic S. faecalis 
(better known as the enterococcus), which is also an 
important cause of other miscellaneous infections, es- 
pecially of the urinary tract. Septicemia and endocarditis 
by another D-group anaerobe, S. bovis, is commonly 
and mysteriously associated with a carcinoma of the 
colon, and this has led to the discovery of occult cancers 
on several occasions. Greater precision in the typing of 
these organisms has been achieved with monoclonal 
antibodies, revealing that strains causing throat infec- 
tions differ somewhat from those causing cutaneous 
infections. 

Streptococci are covered by slippery hyaluronate 
capsules. Their underlying cell wall contains an M 
protein closely linked to virulence, and antibodies 
against any of its 70 subtypes confer immunity against 
organisms bearing the particular subtype. Lipoteichoic 
acid, also contained in the cell wall, is required for 
recognition of and adhesion to host cell membranes. A 
peptidoglycan forming the structural backbone of the 
cell wall has pyrogenic and weak endotoxic properties. 
Several diffusible products are believed to have a role 
in pathogenicity, but the only one for which there is 
conclusive proof is erythrogenic toxin. It is responsible 
for the rash of scarlet fever, which blanches upon 
injection of specific antibody. The relative resistance of 
streptococci to killing by leukocytes is thought to be 
related to their NAD-ase, which interrupts leukocytic 
metabolism by diffusing out of the phagosome. Strep- 
tokinase, an activator of plasminogen, and streptodor- 
nase, a desoxyribonuclease that depolymerizes nuclei of 
dead leukocytes, could account for the characteristically 
thin, fluid exudate of streptococcal infections, favoring 
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spread. The main importance of streptolysin O, a he- 
molysin found in the beta group, is the persistently high 
antibody (ASLO) titer it induces, providing a useful 
marker for the diagnosis and epidemiologic study of 
streptococcal and poststreptococcal diseases. 

Host factors are also important in shaping the fate 
of streptococcal infections. Many normal persons carry 
upper respiratory strains only potentially dangerous to 
others. Indirect spread of streptococci rarely occurs 
since desiccation makes them nonvirulent. Clinical in- 
fection is usually acquired from close contact with 
carriers or those with active disease, and only with 
inocula of millions of organisms. Therefore, outbreaks 
of streptococcal pharyngitis are most common in schools 
and among family members, peaking in wintertime. 
However, relatively few among the many who are 
colonized develop disease. Nevertheless, both persons 
with inapparent and those with overt streptococcal 
infections can develop ASLO titers and are at risk of 
subsequent poststreptococcal sequelae. Skin infections 
such as pyoderma, impetigo, and erysipelas correlate 
with crowding, poor hygiene, and warm, moist tropical 
climates and sometimes follow minor trauma, cuts, and 
insect bites. 

Natural and acquired, strain-specific resistance ex- 
plains part of the epidemiologic patterns of streptococcal 
disease. The peak incidence of respiratory disease is in 
the 5- to 20-year-old age group. Younger children 
characteristically have milder infections; older people 
have fewer instances of both colonization and disease. 
However, no age group is completely immune. 


STREPTOCOCCAL UPPER RESPIRATORY TRACT 
INFECTIONS 


The intensity of nasopharyngeal lesions varies 
among individuals. Mild lesions, especially in toddlers, 
may resemble the common cold. Even older children 
and young adults often show only a reddened throat 
and mild pain on swallowing, indistinguishable from an 
adenovirus infection. The more severe, typical case is 
marked by edema, pain, involvement of the epiglottis, 
and punctate abscesses of the tonsillar crypts, sometimes 
accompanied by cervical lymphadenopathy but usually 
in the absence of rhinitis. Because streptococcal infec- 
tions have much greater potential for local and systemic 
complications than viral throat infections, throat culture 
is requisite in all such instances. With extension of the 
pharyngeal infection there may be encroachment upon 
the airways, especially if there is peritonsillar or retro- 
pharyngeal abscess formation (“quinsy sore throat’). 
These lesions are characterized by vasodilation, spread- 
ing edema, and intense diffuse neutrophilic exudation, 
often with a liberal admixture of mononuclear phago- 
cytes, a pattern analogous to that of streptococcal cel- 
lulitis. Only rarely are there drainable collections of 
pus. Fever, chills, and malaise are common systemic 
manifestations, hinting at bacteremia and_ possible 
spread to the heart, lung, or other viscera. Other 
complications, now rare in the penicillin era, are otitis 


media, mastoiditis, and spread to the meninges, dural 
sinuses, or brain. Always in the background is the threat 
of poststreptococcal complications. 


SCARLET FEVER 


This febrile exanthematous disorder is an acute 
streptococcal pharyngitis or tonsillitis accompanied by 
a rash due to the production of an erythrogenic toxin. 
Scarlet fever is rare before the age of 3 years or over 
the age of 15. This upper age limit reflects previous 
exposure to, and the development of immunity to, the 
erythrogenic toxins of which three variants are known. 


The disease begins as a pharyngitis and tonsillitis, with 
a fiery red color to the pharyngeal mucosa and frequently 
small crypt abscesses with punctate exudate in the enlarged 
tonsils. The tongue is bright red and the papillae are ede- 
matous—“raspberry tongue’—or, when the mucosa is 
coated and the papillae protrude, “strawberry tongue.” The 
punctate erythematous rash appears one to three days later 
and is diffuse, bright violaceous red, and most abundant 
over the trunk and inner aspects of the arms and legs. The 
face is also involved, but usually a small area about the 
mouth remains relatively unaffected, to produce the so-called 
circumoral pallor. Toward the end of the first week, the 
pharyngitis and rash begins to subside and the skin begins 
to scale and desquamate. 

Microscopically, there is a characteristic acute, edema- 
tous, neutrophilic inflammatory reaction within the affected 
tissues, i.e., the oropharynx, skin, and lymph nodes. The 
inflammatory involvement of the epidermis is usually followed 
by hyperkeratosis of the skin, which accounts for the scaling 
during defervescence. 


Scarlet fever has an incubation period of two to five 
days. Headache, nausea, vomiting, chills, and fever may 
appear early, ushering in the sore throat and diagnostic 
exanthem. Antibiotics have shortened the traditional 
one-week duration of the illness and prevented its 
invasive complications elsewhere in the head and neck; 
however, scarlet fever is notorious for poststreptococcal 
sequelae and timely treatment is therefore of the essence. 
Rarely used today is the Dick test to determine suscep- 
tibility to infection; the appearance of local erythema 
following a skin injection of erythrogenic toxin indicates 
a lack of immunity. 


STREPTOCOCCAL SKIN INFECTIONS 


Impetigo (p.1299) can be caused by streptococci as 
well as by staphylococci; indeed, poststreptococcal dis- 
eases are increasingly being reported in children with 
this apparently benign infection. Streptococcal follicu- 
litis, pyoderma, wound infections, lymphatic spread, 
and sepsis may be indistinguishable from analogous 
lesions of staphylococcal origin. However, streptococcal 
infections more often induce lymphangitic “red streaks” 
along the course of draining lymphatics, and less fre- 
quently cause focal tissue necrosis or abscess formation. 
The exceptions are wound infections by microaerophilic 
(largely group D) streptococci, which may be compli- 
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cated by gram-negative organisms. Such lesions are 
suppurative or gangrenous and undermining, and may 
burrow deeply into subcutaneous tissues and muscles, 
forming multiple small pockets of pus to create a “phleg- 
mon.” 

Erysipelas is the most classical cutaneous strepto- 
coccal infection. It is commonly seen in warm climates 
and is caused chiefly by the beta-hemolytic group A and 
occasionally by group C organisms. Erysipelas presents 
as a rapidly spreading, erythematous cutaneous swell- 
ing, which may begin on the face or, less frequently, 
on the body or an extremity. The disease is uncommon 
before the age of 20 years and occurs chiefly in middle 
adult life. Certain individuals appear to be predisposed 
and suffer repeated attacks. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Anatomically, the disease is characterized by an irreg- 
ular, spreading, maplike area of brawny erythema that has 
a sharp, well-demarcated, serpiginous border. A “butterfly” 
distribution is common in the face (Fig. 8-13). The skin of 
the affected part is thickened and has a consistency de- 
scribed as tallow-like. Gross areas of suppuration are 
uncommon. Red streaks of lymphangitis occasionally extend 
from the margins to the local nodes of drainage, and these 
nodes are often enlarged by acute lymphadenitis (p. 656). 
Histologically, there is a diffuse, acute edematous, neutro- 
philic, interstitial reaction in the dermis and epidermis ex- 
tending into the subcutaneous tissues. The leukocytic infil- 
tration is more intense about vessels and the skin adnexa. 
Microabscesses may be formed but tissue necrosis is usually 
minor. 


Since the inflammation rarely causes significant 
tissue destruction, resolution usually permits complete 
restitution of normal architecture. In addition to the 
local symptoms, regional lymphadenopathy, constitu- 
tional reactions, skin rash, bacteremia, and metastatic 
foci of infection may all follow, unless the disorder is 
treated promptly. 


OTHER STREPTOCOCCAL INFECTIONS 


Spread of the beta-hemolytic group A streptococci 
to the lungs, heart valves, or meninges is rare, but can 
quickly become life threatening. These organisms pose 
a particular hazard to splenectomized or splenic-dys- 


a MESS 
Banh 


Figure 8—13. Streptococcal erysipelas. 
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functional patients in whom they tend to cause fulminant 
septicemia. Puerperal sepsis and perinatal streptococcal 
disease, caused by group A organisms, were formerly 
common on obstetric wards. Long ago, Semmelweiss 
discovered that these infections were transmitted by the 
doctors own contaminated hands. Now these compli- 
cations of childbirth have become rare, along with the 
classical “phlegmasia alba dolens,” a spreading pelvic 
lymphangitis with edema, and the bluish “phlegmasia 
cerulea,” which resulted from major vein thrombosis. 
Nonetheless, group B streptococci are still the most 
prominent cause of perinatal sepsis. Infections caused 
by the D-group of streptococci, including the entero- 
cocci, differ quite sharply from those related to the 
other strains discussed. Analogous to the gram-negative 
rods (p. 310), the D-group is sometimes responsible for 
cholecystitis; urinary, GI, and postsurgical infections; 
endocarditis; and septicemia. 


Pneumococcal Infections 


The pneumococcus has now been reclassified as 
Streptococcus pneumoniae. Pneumococci are responsi- 
ble for most cases of lobar pneumonia (p. 734), but can 
also cause bronchopneumonia, empyema, URIs (espe- 
cially of the middle ear, sinuses, and mastoids), and 
severe meningitis or brain abscess. Less commonly they 
produce suppurative arthritis, endocarditis, or perito- 
nitis. Severe infections may lead to pneumococcal bac- 
teremia. 

Like the streptococci, pneumococci are found in 
the nasal secretions of up to 60% of normal adults during 
the winter months. Despite their almost undiminished 
sensitivity to penicillin, this endemicity makes them the 
leading cause of death from pneumonia even today, but 
now most deaths occur among the aged, debilitated, 
and immunosuppressed. 

The polysaccharides of pneumococcal capsules, al- 
ready discussed as virulence factors (p. 300), elicit strain- 
specific protective antibodies. Over 80 antigenic sero- 
types are known; a combination of the 14 most frequent 
has proved satisfactory, but not uniformly effective, as 
a prophylactic vaccine.*’ The peptidoglycans of the 
pneumococcal cell wall have pyrogenic and weak en- 
dotoxic effects. Pneumococci are usually alpha-hemo- 
lytic and produce the enzyme L-alanine muramyl-ami- 
dase, but there is-no certain evidence that they produce 
any diffusible toxins, and so there is as yet no satisfactory 
explanation for the “toxemic symptoms” and the DIC 
syndrome seen in bacteremic patients. In contrast to 
streptococcal exudate, pneumococcal pus tends to be 
thick and viscid because fibrin and nuclear DNA are 
not lysed. Drainage of pneumococcal empyema is no- 
toriously difficult. 


PNEUMOCOCCAL PNEUMONIA 


Pneumococci are responsible for 90% of lobar pneu- 
monias and also account for a considerable number of 
bronchopneumonias, especially in debilitated patients 


in whom one often sees a partly confluent pattern of 
alveolar consolidation (for detail, see p. 733). Since 
similar disease patterns can be caused by strains of 
Klebsiella pneumoniae, Hemophilus influenzae, and S. 
pyogenes, radiographic and clinical findings cannot re- 
liably differentiate among these causes. Smears of spu- 
tum or bronchial washings showing profuse gram-posi- 
tive diplococci followed by culture are necessary to 
prove a pneumococcal origin. 

The precise steps involved in the development of 
pneumococcal lobar pneumonia are still uncertain. Per- 
son-to-person droplet transmission may occur but is 
probably not the most important method of spread. 
More likely the disease springs from endogenous 
sources: the normal lung defenses such as mucus trap- 
ping, ciliary action, cough reflex, and _ intra-alveolar 
macrophage-clearing may restrict pneumococci to their 
harmless existence in the pharynx. Presumably, de- 
rangements in one or more of these defenses permit 
downward spread of diplococci into the lungs. Predis- 
posing influences include anesthesia, alcoholism, ciga- 
rette smoking, previous viral infection (especially influ- 
enza), or some derangement in the epiglottal reflex. 
Once within alveoli, rapidly explosive spread occurs 
through the bronchioles and pores of Kohn, facilitated 
by edematous exudation, until entire lobes or large 
areas of a lobe are affected. 


OTHER PNEUMOCOCCAL LESIONS 


Pneumococcemia is in many ways similar to me- 
ningococcemia (p. 1236) and its outlook is of similar 
gravity; it is especially fulminant in asplenic patients. 
Pneumococci are major causes of bacterial meningitis in 
the adult (p. 1378) and still one of the most lethal of 
meningeal infections unless diagnosed and treated in 
the early stages. Pneumococcal peritonitis is uncommon, 
except in patients with chronic ascites. It has repeatedly 
been described in association with the nephrotic syn- 
drome. 


Meningococcal Infections 


These gram-positive diplococci colonize the upper 
respiratory mucosae and often quietly reside there, but 
in susceptible individuals they may invade to cause 
purulent meningitis or bacteremia. A fulminant form of 
meningococcemia is the Waterhouse-Friderichsen syn- 
drome (p. 1236), and there is also a chronic recurrent 
form. Involvement of the lung parenchyina, joints, 
endocardium, and pericardium and even of the con- 
junctivae and genitalia have all been sporadically ob- 
served, but meningitis is the predominant manifestation 
in at least two-thirds of all invasive meningococcal 
infections. 

Nine serogroups of Neisseria meningitidis classified 
by antigens in their polysaccharide capsules are known. 
They possess proteases that cleave the heavy chain of 
IgA immunoglobulins and these may permit them to 
colonize the mucosa of the upper respiratory tract. 


Substrates poor in iron seem to enhance the virulence 
of strains of meningococci,® a possible factor in fulmi- 
nant meningococcemia. Another virulence factor is the 
lipopolysaccharide of meningococcal cell walls, which 
has the properties of an endotoxin and can induce shock 
and DIC. Carrier rates and case rates of these organisms 
rank higher than those of pneumococci in persons 
between 1 month and 15 years of age, but the reverse 
is true in older individuals. Both rates rise precipitously 
during epidemics of cerebrospinal meningitis as a par- 
ticular meningococcal strain gains dominance. Charac- 
teristically, clustered infections or small epidemics occur 
in families or institutions when one member develops 
meningitis. Once in a decade, major epidemics occur, 
most notably in the “meningitis belt” of subsaharan 
Africa, or in U. S. military recruits among whom strain- 
specific vaccination has had preventive success. Both 
infection and colonization leave behind protective anti- 
bodies but not against a new strain. 

Inflammation at the usual portal of entry, the 
nasopharynx, is often trivial and may be confused with 
a common cold. Invasion, possibly with bacteremia, may 
follow and result in (1) purulent meningitis; (2) menin- 
gococcal septicemia of moderate, fulminant, or chronic 
form; (3) both meningeal and septic involvement; or (4) 
any of the other, rarer localizations already enumerated. 

The acute suppurative meningitis caused by me- 
ningococci is described on p. 1378 and the meningococ- 
cemia on p. 1236. About one-quarter of all infections 
with these agents present as septicemia with only a 
mild, rather nondescript febrile syndrome. One must 
therefore be aware of meningococcal bacteremia as a 
cause of fever, looking for skin lesions and petechiae 
(Fig. 8-14) and taking appropriate cultures. The pro- 
portion of meningococcal strains resistant to: sulfona- 
mides has now increased worldwide, but these and 
other antibiotics have improved mortality rates substan- 
tially. Even more important have been early diagnosis, 
contact tracing, and general hygiene, including isolation 
procedures. 


Gonococcal Infections 


Gonococci, pyogenic gram-negative diplococci, are 
well known as the cause of the common gonorrheal 
urethritis—popularly named “clap.” Less commonly, 
the infection begins with gonococcal pharyngitis or 
proctitis, depending on sexual practices. Silent infection 
is widespread and favors easy transmission. Conjunctiv- 
itis may appear in adults from autoinoculation, but is 
more common in neonates of mothers having an acute 
infection. Young girls cared for by infected adults or 
sharing their linen and towels may contract gonococcal 
vaginitis. Rarely, a skin wound may be the portal of 
entry. Gonococci spread from the anterior urethra re- 
trograde to the male or female internal genitalia, where 
they produce chronic purulent inflammations or pelvic 
inflammatory disease. In the female, painful gonococcal 
perihepatitis may ensue; further spread in either sex 
can result in bacteremia-septicemia with prominent skin 
rash or arthritis, or in endocarditis or meningitis. 
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Figure 8—14. Close-up view of skin with the characteristic petechial 
rash of meningococcemia. 


In smears of exudate, Neisseria gonorrhoeae is often 
seen inside host phagocytes. It lacks a true polysaccha- 
ride capsule, but possesses pili that are important in 
mediating its attachment to columnar and transitional 
epithelial cells (Fig. 8-1). It does not attach to squamous 
epithelia. “Smooth” strains poor in pili are less virulent 
and are prone to cause asymptomatic urethritis or 
cervicitis. Gonococcal cell walls contain lipopolysaccha- 
rides with endotoxic properties. An IgA protease pro- 
duced by these organisms may be of help in establishing 
the microbe in its mucosal habitat. Mucus and menstrual 
flow favor bacterial colonization and invasion; by con- 
trast, normal human serum containing IgM and comple- 
ment is bacteriostatic for some gonococcal strains. Con- 
valescing patients generate specific opsonizing antibody, 
but it is not always protective, and reinfection by either 
the same or another strain of gonococci is now so 
frequent that six-week follow-up cultures have become 
routine regardless of clinical course. Whether an effec- 
tive vaccine can ever be devised is uncertain.*® High- 
grade penicillin resistance in gonococci is usually due 
to one of two known beta-lactamase plasmids, and there 
also are now mutant strains with relative penicillin 
resistance, but 90% of all U.S. infections have remained 
penicillin sensitive. Given the frequency of low-grade 
and asymptomatic infections (50% in females), culture 
on sensitive media (Thayer agar) is superior to other 
diagnostic procedures such as examination of stained 
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smears of exudate. The presence of gonorrhea does not 
preclude syphilis or other venereal infections. 
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GONORRHEA 


Gonorrhea may not be the most frequent infectious 
disease—that distinction belongs to the common cold— 
but it is today the most frequent reportable communi- 
cable disease in the U.S. In 1977 there were over one 
million reported cases (up from a low of approximately 
200,000 in 1957). There was a significant increase in 
incidence during the Vietnam war followed by a slow 
downward trend. Many cases are never diagnosed or 
reported, thwarting efforts to trace contacts. Individuals 
with inapparent gonococcal infection and multiple sexual 
partners play a large role in transmission. Statistics on 
sexual contact numbers and on repeat infections some- 
times strain human credulity. One individual is said to 
have experienced 45 consecutive acute attacks of gon- 
orrhea. 

Gonococci prosper best in warm, mucus-secreting 
epithelia such as the anterior urethra, accessory ure- 
thral glands, Bartholin’s and Skene’s glands, and cervix. 
The infantile vagina is also susceptible but not the 
squamous epithelium of the adult vagina. From its initial 
sites, infection extends to the prostate, seminal vesicles, 
and epididymis in the male. In the female, it commonly 
nests in the fallopian tubes, thence extending to adjaceut 
structures, but only rarely to the endometrium. These 
deeper localizations tend to become chronic and much 
more difficult to eradicate (p. 1114). 


The initial infection becomes manifest approximately 
two to seven days after an exposure by the appearance of 
suppurative exudation. In the male there is first discharge of 
a mucopurulent exudate from the anterior urethra and mea- 
tus. The infection is limited largely to the superficial mucous 
membranes and accessory glands. The meatus becomes 
hyperemic, edematous, and obviously inflamed. Early gon- 
orrhea is of little consequence if the disease is effectively 
treated at this stage and does not spread upward in the 
genital tract. However, in untreated disease, it extends 
into the posterior urethra and to the major glands of the 
male genital tract. Gonococcal epididymitis is characteristic 
af the neglected case, but the testis is remarkably resistant 
and orchitis rarely develops, save for a superficial reaction 
to the adjacent epididymal lesion. Secondary infections in 
the prostate, seminal vesicles, and epididymides are chronic, 
persistent, and suppurative, with abscess formation and 
destruction of the local structures. Urethral strictures and 
permanent sterility may result, a sequence rare in the 
penicillin era. It is the asymptomatic male carrier who 
represents the greatest hazard to his female partners 
and is most likely to develop arthritis or gonococcemia. 

In the female, reddening and edema of the urethral 
meatus is often much less conspicuous, but abscess for- 
mation with bulging of Bartholin’s and Skene’s glands is 
common. Cervicitis is the rule, but gives rise to few 
specific symptoms. Gonococcal salpingitis may seal the 
tubes, resulting in pyosalpinx—pus-filled tubes, which 
may become hugely distended. Bilateral, tubal involve- 
ment obviously interferes with fertility. Tubo-ovarian ab- 
scesses and pelvic peritonitis result from further extension 


and may create multiple adhesions or points of blockage of 
the oviducts, later giving rise to sterility. Gonococci are the 
most common cause of “pelvic inflammatory disease’”’ 
(PID) in young women vs. gram-negative bacteria in 
older ones (p. 1114). All the gonococcal lesions mentioned 
are characterized at the outset by nonspecific exudative and 
purulent reactions followed by granulation tissue and scar- 
ring as chronicity increases; plasma cells are often prominent 
but gonococci may be difficult to find microscopically, even 
on special staining. 


Clinically, with upward spread of the infection, 
persistent discharge, painful urination, impotence in the 
male, and chronic leukorrhea in the female appear. 
Salpingitis often causes severe lower abdominal pain, 
menstrual cramps, pain on defecation, intestinal distur- 
bances, and signs and symptoms of pelvic peritonitis or 
adhesions. Spread into the peritoneum in females can 
result in perihepatitis, manifested by stabbing right 
upper quadrant pain (the Fitz-Hugh-Curtis syndrome). 
More important, gonococcal bacteremia is demonstrable 
by culture in up to 3% of infected persons, many 
without symptoms, and can occur in patients with only 
pharyngitis or proctitis. Symptomatic gonococcemia is 
rarely as fulminant as meningococcemia, which it oth- 
erwise resembles, and generally skin lesions are less 
prominent (p. 1236). The hemorrhagic rash, when pres- 
ent, is found mostly on the extremities and is related to 
vasculitis of the dermal vessels. Two forms of gonococcal 
arthritis are known: (1) an acute polyarticular type free 
of culturable gonococci, clinically resembling active 
rheumatoid arthritis or Reiter's syndrome (p. 1362), 
which may coincide with bacteremic skin lesions; and 
(2) a more chronic form involving only one or a few 
joints, with purulent exudate and positive cultures. The 
frequency of gonococcemia and arthritis has lately been 
increasing in women, while that of gonococcal endocar- 
ditis and meningitis has become vanishingly low. 

In sum, the clinical presentations of gonococcal 
infection range from the obvious (acute anterior ureth- 
ritis following a sexual exposure) to the arcane (gono- 
coccemia or arthritis, sometimes without a venereal 
history). 


GRAM-NEGATIVE ‘‘RODS” 


Here we deal with a iniscellany of organisms (Table 
8-5), formerly known mainly as causes of urinary and 
intra-abdominal infections and of rare pneumonias. All 
members of this group have lipid-rich cell walls, are 
nonsporulating, and, except for Enterobacter sp., are 
only facultative anaerobes. Drug resistance is frequent 
among these “rods” and difficult to predict owing to 
their liberal exchange of plasmids and resistance (R) 
factors acquired by conjugation and transduction. Since 
the therapeutic revolution of the 1950s and 1960s, these 
organisms have increasingly replaced the antibiotic- 
sensitive pyogenic cocci as causes of various septic and 
suppurative disorders. Together with the group D strep- 
tococci, they now account for the bulk of hospital- 


acquired and opportunistic bacterial infections, as well 
as for many terminal complications in advanced chronic 
diseases.*’ At the same time, these gram-negative “rods” 
continue infecting normal hosts in the community, 
usually in more tractable forms than in the hospital 
setting. As in the case of the pyogenic cocci, their 
clinical and pathologic features overlap, and species 
identification by culture remains the cornerstone of 
diagnosis and management. 


Escherichia coli Infections 


This multitalented enteric gram-negative bacillus is 
best known as a noninvasive commensal that grows in 
mass culture in the human and animal gut lumen, 
perhaps keeping other more harmful bacteria from 
proliferating. However, E. coli is also genetically the 
most versatile of bacteria and is both the recipient and 
source of many plasmid- and phage-mediated gene 
exchanges. Of the hundreds of E. coli serotypes arising 
from this genetic potpourri, only a few are virulent for 
normal humans and possess invasiveness or one of the 
other three mechanisms of enteropathogenicity dis- 
cussed later (p. 318). Each of these disease roles is 
related to different E. coli plasmids and serotypes, and 
each can thus be acquired by an otherwise harmless E. 
coli strain. Here we are concerned only with E. coli as 
a urinary and septic pathogen. 


Urinary tract infections with E. coli begin in the | 


bladder (cystitis), with or without extension to the 
kidneys (pyelonephritis). Indeed, E. coli accounts for 
the preponderance of primary uncomplicated urinary 
tract infections, i.e., when there is no obvious cause for 
urinary stasis such as an obstructing ureteral stone or 
enlarged prostate. Other gram-negative “rods” (Proteus, 
Enterobacter, Pseudomonas, etc.) become prevalent 
with complicated, obstructive pyelonephritis. In most 
cases the organisms gain access to the bladder urine 
through the urethra, sometimes aided by catheterization 
or instrumentation (urethral dilation, cystoscopy, etc.). 
Here, they induce an acute inflammatory mucosal re- 
action. Retrograde spread up the ureters is the usual 


pathway of development of acute pyelonephritis, . 


marked by focal suppuration within the renal paren- 
chyma (p. 1032). 

E. coli is also a common cause (along with Entero- 
bacter and Proteus organisms) of suppurative infections 
within the abdominal cavity. Thus, enteric organisms 
are found in acute appendicitis, acute cholecystitis, 
cholangitis, diverticulitis, and perforated gallbladder or 
peptic ulcer. In addition, E. coli is a common member 
of mixed wound infections and suppuration in and about 
the anus (ischiorectal abscess, pilonidal sinus). In a 
hospital setting, it is also found among the gram-nega- 
tives that invade the respiratory tract of debilitated 
patients, and may cause severe hemorrhagic broncho- 
pneumonias. But the most feared consequence of infec- 
tions with these organisms is the development of gram- 
negative bacteremia. Once a rare clinical problem, its 
incidence has increased 20-fold over the past two dec- 
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ades. Fatality rates in gram-negative bacteremias ap- 
proach 50%, and cause over 100,000 deaths annually in 
the U.S. Death may be due to uncontrolled endotoxemic 
febrile reactions, metastatic dissemination of organisms, 
or endotoxic induction of DIC and shock. 

Many factors contribute to this growing clinical 
problem. The infections are difficult to eradicate because 
of microbial drug resistance. In the effort to contro] the 
local disease, administration of antimicrobial agents sup- 
presses other drug-sensitive organisms, leaving the re- 
sistant gram-negatives to proliferate and spread into the 
blood. This unfortunate sequence is particularly liable 
to occur in predisposed hospitalized patients, such as 
the very young and very old, and those having diabetes 
mellitus, hematologic or neoplastic disorders, or some 
basis for depressed immunity. Not all patients with 
gram-negative bacteremias have obvious local suppu- 
rative disease. In fact, transient contamination of the 
blood is commonplace in daily life. In the normal 
individual this is of no consequence, but those with 
lowered resistance are at risk of developing gram- 
negative sepsis. 


Pathologic lesions caused by invasive E. coli are usually 
of the suppurative type and lack specific distinguishing 
features other than the occasional production of gas, which 
may mimic that of clostridial infection (p. 326) but differs in 
odor. E. coli infections or mixed infections can indeed 
become gangrenous, especially those arising in abdominal 
viscera. 


Rigors and spiking temperatures are seldom absent 
when E. coli sepsis ensues, and are particularly frequent 
when there is gram-negative cholangitis or liver abscess 
formation. 


Klebsiella and Enterobacter Infections 


K. pneumoniae (also known as Friedlander’s bacil- 
lus) and Enterobacter aerogenes are common entero- 
bacteria, so closely related that they are, for practical 
purposes, indistinguishable. Their disease spectrum in- 
cludes severe pneumonia, lobular or lobar; urinary tract 
infection; and miscellaneous septic lesions, but no en- 
terotoxicity. K. pneumoniae is an aerobic lactose-fer- 
menter with a thick mucoid capsule. It is rarely a 
commensal of the mouth and throat in normal individ- 
uals, but is found there in about 20% of hospital patients. 
Lung infections probably come about by inhalation or 
aspiration, especially in patients who have difficulty 
swallowing, who are intubated, who have tracheosto- 
mies, or who have poor ciliary function due to alcoholism 
or chronic obstructive lung disease. K. pneumoniae is 
also a cause of urinary tract infections, particularly when 
there is urinary tract obstruction, and is frequently 
present in mixed infections of the biliary tract. Uncom- 
monly, suppuration in the sinuses, middle ears, mas- 
toids, and meninges is attributable to this organism. It 
is important to identify this pathogen in all these settings 
because it is more resistant to antibiotics than E. coli 
and is therefore of graver significance. 
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K. pneumoniae usually produces a bronchopneu- 
monia similar to that caused by other gram-negative 
bacilli, but distinguished by its tendency to abscess 
formation and pleural involvement, especially in the 
settings of aspiration or preexisting chronic lung disease. 
In some individuals, usually alcoholics acquiring their 
infection outside the hospital, Friedlander’s bacillus 
causes a primary, lobar pneumonia quickly involving 
one or more lobes of the lung, indistinguishable clini- 
cally from pneumococcal lobar pneumonia. Although 
this organism is responsible for only 1 to 2% of all lobar 
pneumonias, it is important to identify it not only 
because K. pneumoniae responds to different antibiotics, 
but also because it tends to destroy the lung paren- 
chyma, thus causing a much higher mortality than 
pneumococcal infections. 


Friedlander’s pneumonia is marked by widespread con- 
solidation of the lung parenchyma, which ensues within the 
first few days, and may be limited to a portion of a lobe but 
more often affects a whole lobe or multiple lobes. The lung 
has the solidified “plaster cast” appearance similar to that 
seen in pneumococcal pneumonia. Each lung may weigh up 
to 1500 gm. The pleural surfaces are covered by a fibrino- 
suppurative exudate. On transection, the parenchyma is 
usually uniformly gray to gray-red. Copious, mucoid, slimy 
pus exudes from the cut surface and clings to the sectioning 
Knife and hands. 

Histologically, the pneumonic consolidation is charac- 
terized by filling of the alveoli with a mucoid suppurative 
exudate heavily laden with large numbers of encapsulated 
bacilli. Neutrophils and macrophages make up the dominant 
leukocytic response (Fig. 8-15). One of the characteristic 
features of Klebsiella pneumonia is the development of 
numerous small focal abscesses. Fibrin is generally not 
as copious as in the pneumococcal pneumonias. 


Clinically the disease begins suddenly with the 
onset of chills, fever, pleuritic pain, cough, and the 
expectoration at first of sanguineous, then frankly san- 
guinopurulent, mucoid sputum. Shortness of breath, 
dyspnea, and cyanosis may become evident within the 
first 48 hours. Patients have difficulty in raising the 
thick, tenacious sputum. When examined, it is usually 
loaded with the encapsulated bacilli. If the infection is 
aborted by antibiotic therapy, considerable resolution 
may follow, but residual scarring frequently follows 
abscess formation, and widespread organization of the 
exudate may leave dense, fibrous pleural adhesions and 
permanently solidified parenchyma. Before the advent 
of antibiotics, the mortality rate was over 50%; it is now 
much lower. Occasionally an acute pneumonia is fol- 
lowed by persistent chronic pulmonary infection, and 
Klebsiella sp. have been repeatedly cultured in chronic 
bronchitis, bronchiectasis, and lung abscesses. 

K. pneumoniae septicemia, evidenced by chills, 
fever, malaise, and prostration, may occur in the course 
of the pneumonia or other localizations of this pathogen. 
Sometimes it appears without obvious focal infection. 
These gram-negative bacteremias can be extremely ful- 
minating, and patients usually succumb without the 
development of metastatic tissue lesions. 
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Figure 8—15. Klebsiella pneumonia. Note intra-alveolar exudate and 
destruction of alveolar septa. 


Proteus and Serratia Infections 


The spectrum of diseases caused by Proteus mira- 
bilis, a motile gram-negative bacillus, is similar to that 
of E. coli and K. pneumoniae. It is most frequently a 
chronic urinary pathogen and is sometimes associated 
with xanthogranulomatous pyelonephritis, described on 
page 1035. Proteus pneumonia is uncommon and is 
usually found in debilitated hospitalized patients. The 
involvement tends to be lobular and most often in the 
posterior segment of an upper lobe, especially the right 
one, as in aspiration pneumonia. Abscess formation is 
frequent. 

Serratia marcescens infection, likewise, is often 
manifest as a pneumonia, but can involve many other 
organ systems, including the upper respiratory tract, 
normally a rare habitat of this organism. Infections are 
mostly limited to debilitated or immunosuppressed in- 
dividuals, generally within hospitals. One claim to fame 
of this red-pigmented nosocomial pathogen is its former 
use as an ‘innocuous germ. It was commonly used for 
teaching medical students how to culture bacteria; on 
one occasion, it was even aerosolized throughout the 
New York subway system in a study of the logistics of 
germ warfare. Fortunately, no epidemic followed among 
the normal individuals placed at risk—an instructive, if 
involuntary, demonstration of the importance of host 
factors in the pathogenesis of gram-negative bacterial 
infections.” 


Pseudomonas Infections 


P. aeruginosa is of low virulence for normal indi- 
viduals owing to its poor resistance to natural host 
barriers, especially to neutrophilic phagocytosis. How- 
ever, it commonly causes acute nosocomial and oppor- 
tunistic gram-negative infections in the predisposed. P. 
maltophilia and P. cepacia are similar in pathogenicity 
but are less commonly seen. Once established, Pseu- 
domonas pathogenicity is high. Several toxins have been 
isolated from its various strains, including the ADP- 
ribosyl transferase named exotoxin A, a “lethal toxin” 
that shocks and kills rabbits in microgram amounts, and 
a “leukocidin,” but their in vivo significance has not yet 
been clearly established. Some strains of P. aeruginosa 
cause chronic infections of the urinary tract, external 
ear, and respiratory tree, especially in patients with 
mucoviscidosis and recurrent bronchopneumonias. For- 
merly known as Bacillus pyocyaneus, this microbe has 
become one of the most common and severe secondary 
invaders. It is widely distributed throughout hospitals 
and has been cultured from wash basins, respiratory 
tubing, nursery cribs, and even antiseptic-containing 
bottles. It also subsists on the moist skin or in the gut 
of some normal people, and colonizes the pharynx of 
patients receiving antibiotics. From these multiple 
sources, it gives rise to miniepidemics in nurseries, 
intensive care units, and particularly burn units where 
it ranks first as a cause of skin infections and generalized 
sepsis. Indeed, the current practice of early coating of 
burn surfaces with antibacterial agents or grafting was 
devised primarily to guard against surface contamination 
of the wound by Pseudomonas and other ambient organ- 
isms.” Premature infants, patients with neutropenia or 
any form of extensive wound, and immunosuppressed 
individuals are also at high risk. 

In addition to causing infections on the surface of 
the body, Pseudomonas may primarily involve the uri- 
nary tract or initially present as a pneumonia, in each 
case incurring the risk of bacteremia and disseminated 
gram-negative sepsis. Regardless of the source, the lung 
is frequently seeded and the resultant pneumonia then 
becomes a prominent part of the sepsis. Early lung 
involvement, whether by air or bloodstream, is thus an 
ominous sign; urinary Pseudomonas infections tend to 
be less rampant and may follow a chronic recurrent 
course. Successful therapy of these infections depends 
as much on host defenses (particularly, on a normal 
neutrophilic response) as on the appropriateness of the 
antibiotic. This gram-negative “rod” has the pernicious 
habit of replacing other pathogens as they are sup- 
pressed, so that persisting infections often turn out to 
be superinfections by Pseudomonas for which the initial 
treatment is no longer appropriate—hence, the impor- 
tance of follow-up cultures in hospitalized patients. 


Microscopically, P. aeruginosa infection in the altered 
host is the prototype of a necrotizing inflammation. Masses 
of proliferating organisms cloud the host tissue with a bluish 
haze, concentrating in the wall of blood vessels, where host 
cells undergo coagulation necrosis and nuclei fade away. 
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This picture of “gram-negative vasculitis” accompanied by 
thrombosis and hemorrhage, while not pathognomonic, is 
highly suggestive of P. aeruginosa. The surprising scarcity 
of neutrophils in these sites is partly a function of previous 
systemic neutropenia, partly of violent necrosis. Grossly, 
Pseudomonas pneumonia distributes through the terminal 
airways in a “fleur-de-lis” pattern, with a striking alternation 
of whitish necrotic and dark red hemorrhagic areas. In skin 
burns, these organisms proliferate wildly, penetrating deeply 
into the veins to induce massive bacteremias. Well-demar- 
cated necrotic and hemorrhagic skin lesions of oval shape 
often arise during these bacteremias and are named ec- 
thyma gangrenosum. At their bases these lesions show the 
same Pseudomonas vasculitis seen in the lung. DIC is 
frequent with bacteremia. The heart valves may also become 
infected,** and when the brain is seeded cortical foci of 
necrosis may appear with inflammation of the leptomen- 
inges. 

Pseudomonas infections of persons with normal white 
cell defenses usually take the form of suppurative lesions, 
such as abscesses and streaky infiltrates in pyelonephritic 
kidneys (Chapter 21). Occasionally, pigment-producing 
strains of P. aeruginosa impart a bluish tinge to the accu- 
mulating pus (hence the term pyocyaneus). Suppurative 
meningitis may follow long-neglected otitis, particularly when 
other organisms have been suppressed by antibiotics. 
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With the more effective antibiotics now available, 
Pseudomonas mortality is abating but still quite high; 
antibiotic choice is especially critical for hospital strains 
that exchange resistance plasmids with other bacteria. 


Legionella Infections 


When lethal pneumonia struck a group of partici: 
pants at the 1976 convention of the American Legion in 
Philadelphia, the microbe hunt that ensued led to the 
unexpected finding of a hitherto unknown gram-negative 
bacterial pathogen, Legionella pneumophila. It was first 
visualized by silver staining and immunofluorescence in 
infected human tissue, then cultured on special media. 
Further study revealed that Legionella had been de- 
scribed as a “rickettsia-like organism” as early as 1947* 
and had been the unrecognized cause of sporadic cases 
of pneumonia for many years. The new Legionella 
became identified as the type species of a family of 
gram-negative bacterial pathogens that includes L. mic- 
dadei (the “Pittsburgh pneumonia agent”), L. boze- 
manii, L. dumoffti, and L. gormanii, previously known 
only as scattered isolates. Finally, Legionella’s trans- 
mission was found to be respiratory, and a major envi- 
ronmental source was located in water reservoirs and 
cooling units of air-conditioning systems containing blue/ 
green algae and free-living amebae, among which Le- 
gionella sp. can apparently survive for years.” 

Legionella sp. are small, gram-negative flagellated 
rods of somewhat polymorphous shape with typical cell 
walls. They are best visualized by immunofluorescence, 
which permits identification of the various species. They 
can also be visualized (more easily on smears than in 
tissue) with the Dieterle silver stain, or by other special 
methods.” L. micdadei is weakly acid-fast in tissue but 


314 INFECTIOUS DISEASES 


not in culture. Legionella sp. release catalase and other 
enzymes, and their cell walls have endotoxic properties; 
none are encapsulated. Thus far, six serotypes of L. 
pneumophila have been identified; however, although 
some are more frequent pathogens than others, serotype 
bears no relation to disease severity. Indeed, the basis 
of Legionella pathogenicity is still uncertain. It is readily 
engulfed by neutrophils and mononuclear phagocytes, 
and is efficiently killed by activated monocytes, but not 
by macrophages,®” in whose phagosomes it may actually 
multiply early in the disease. The role of host resis- 
tance is important, since most isolated cases have been 
in immunosuppressed or compromised hospital patients. 
Community outbreaks traceable to a common water 
source have been characterized by two sharply different 
patterns of disease: (1) Pontiac fever, a mild, nonfatal, 
self-limited systemic febrile disease; and (2) legionnaires’ 
disease, a severe pneumonia with a fatality rate of 15 to 
20% among patients not receiving appropriate antibiotic 
therapy. As with other gram-negatives, the severest 
infections have occurred in predisposed, hospitalized 
human hosts.” 

After an incubation period of five days, legionnaires’ 
disease is marked by the gradual onset of fever, dry 
cough, malaise, chest and abdominal pain, confusion, 
and sometimes diarrhea. As in typhoid fever, the pulse 
rate may be surprisingly slow relative to the fever and 
the leukocyte counts may not be impressive. Severe 
cases typically manifest scanty blood-streaked sputum, 
increasing respiration rate, high fever, and dispropor- 
tionate systemic symptoms. Death may follow from 
respiratory failure or, in some cases, from a shocklike 
syndrome with DIC and renal failure. Erythromycin 
and other broad-spectrum antibiotics abbreviate the 
illness when given in a timely manner. L. bozemanii 
infections are the severest, and no survivors have yet 
been reported. 


All Legionella species produce a lobular pneumonia of 
fibrinopurulent type that tends to be confluent, sometimes to 
the point of appearing lobar. Even early, a relatively high 
ratio of mononuclear phagocytes to neutrophils is character- 
istic. In the center of the lung lesions, phagocytes are 
destroyed and their nuclei broken up (‘“leukocytoclasis’”), but 
intact macrophages congregate about the necrotic zone. Still 
more peripherally pneumonocyte proliferation, hyaline fibrin 
membranes lining alveolar spaces, and edema are present; 
in immunosuppressed or respirator-assisted patients, these 
changes may closely resemble diffuse alveolar damage and 
signal the development of DIC. Bacteria are copious in the 
leukocytoclastic areas and are seen inside large, intact, 
bubbly-appearing macrophages as well as in neutrophils. 
Secondary inflammation of the walls of small pulmonary 
arteries and veins is often intense and accompanied by 
thrombosis. Abscesses are frequent, but tend to be small 
and rarely confluent. These destructive lesions explain the 
tendency to organization and scarring and account for the 
patient's prolonged convalescence. Fibrinous pleuritis is 
often relatively modest and the fluid in the pleural spaces is 
more often serous than purulent. The larger airways are only 
moderately affected compared with the bronchioles, which 
are largely plugged with exudate, perhaps explaining the 
scarcity of sputum. Even when the involvement is lobar, the 


lesions tend not to be all of the same stage as is character- 
istic of pneumococal pneumonia. In sum, the picture is one 
of a confluent bronchopneumonia of bacterial type, and 
differs sharply from the interstitial pattern seen in viral and 
in some rickettsial infections. 

Bacteremia has been repeatedly demonstrated in pa- 
tients with pulmonary involvement. Organisms, and some- 
times small foci of cell necrosis, can also be found in hilar 
nodes and in various parenchymal organs, but significant 
involvements outside the lung have thus far been seen only 
in the kidneys (microscopic hematuria and unexplained renal 
failure are not uncommon in legionnaires’ disease). 


The sporadic appearance of Legionella pneumonia 
in vulnerable patients, its confluent lobular distribution, 
and its “toxic” symptoms all parallel the presentation of 
other gram-negative pneumonias, but the sputum may 
be scanty and poor in leukocytes, and may fail to yield 
a convincing, rich growth of organisms on routine media. 
Even on special media, growth is slow, and thus early 
diagnosis often requires invasive procedures such as 
lung aspiration or biopsy to identify the organisms. The 
radiographic changes parallel the distribution and di- 
versity of the lung lesions, and recede only slowly. 


Anaerobic Gram-Negative Bacterial Infections 


Of approximately 400 gram-negative anaerobic spe- 
cies found as commensals in the human bowel, vagina, 
and mouth, only a few become invasive. However, the 
frequency of this event is underestimated because, in 
lung abscesses formed by aspiration or in infections 
initiated by trauma or fecal leakage, these organisms 
are often present along with other bacteria and are 
revealed only by rigorously anaerobic methods of cul- 
ture. The possible presence of anaerobes must therefore 
be remembered in abdominal sepsis, pelvic inflamma- 
tory disease, and lung abscesses, and in septicemias 
arising from these and other conditions. 

The genera Bacteroides, Fusobacterium, Peptococ- 
cus, and Peptostreptococcus are the most frequent 
anaerobic isolates other than Clostridia (p. 324). The 
two dominant groups are Bacteroides fragilis, a gut- 
dwelling organism, and Bacteroides melaninogenicus, a 
mouth commensal, also incriminated in periodontal 
disease (p. 773). Both groups are composed of several 
species or subspecies and several hundred strains are 
known, but all seem to behave similarly. These organ- 
isms gain a foothold through a break in normal defense 
barriers; colonization along with another, more virulent 
bacterial invader; and proliferation in devitalized tissue. 
The virulence factors of Bacteroides are still only partly 
known. The cell-wall lipopolysaccharide endotoxin dif- 
fers chemically from that of other gram-negatives and 
fails to gel limulus lysate except at high doses; it also 
does not provoke the Shwartzman phenomenon, and 
only rarely does B. fragilis bacteremia result in DIC or 
bleeding. On the other hand, pathogenic B. fragilis has 
a polysaccharide capsule that appears to facilitate its 
adhesion to peritoneal mesothelium. '™ It also elaborates 
a collagenase and a superoxide dismutase. 


B. melaninogenicus, alone or in association with 
aerobic organisms, is found in abscesses and phlegmons 
mostly above the diaphragm, e.g., in the floor of the 
mouth, the retropharynx, and even the lung and brain. 
B. fragilis is typically a cause of or participant in intra- 
abdominal and retroperitoneal sepsis, and in pelvic 
peritonitis of women beyond their twenties; sometimes 
it infects surgical abdominal wounds. It may also be 
present in lung abscesses. In all these lesions, the pus 
is often discolored and foul smelling, especially in lung 
abscesses, and the suppuration is often poorly walled 
off. Otherwise, these lesions pathologically resemble 
those of the common pyogenic infections. 

The outcome of Bacteroides infections depends on 
the patient's resistance; young women with pelvic infec- 
tions do relatively well. Debilitated hosts have a high 
incidence of septicemia and a high mortality rate. B. 
fragilis is a collector of R factors and shows multiple 
and variable resistance to standard antibiotics. Surgical 
drainage is as essential as the use of combinations of 
antibiotics. Patients so treated have greatly reduced 
mortality rates in the range of 10%,'" but it is likely 
that others in whom the anaerobes were not recognized 
have been recorded as therapy failures under miscella- 
neous diagnoses. 


CHILDHOOD BACTERIA 


Three bacterial species, Hemophilus influenzae, 
Bordetella pertussis, and Corynebacterium diphtheriae, 
preferentially infect children after maternal antibody 
protection has been lost and before contact with these 
and other bacteria has generated some level of self- 
protection. Adults only occasionally suffer infection, 
largely those predisposed by viral illness, alcoholism, or 
chronic disease. At the turn of the century, 80% of all 
U.S. children contracted whooping cough; diphtheria 
was also quite common, with a 35% mortality rate. 
Routine administration of vaccine at 1 year of age has 
ended these pandemics but has not completely eradi- 
cated either disease. Hemophilus influenzae (“H. flu”) 
is currently the biggest problem, especially in children 
under | year of age not protected completely by vaccine; 
it is also a true tissue invader, whereas B. pertussis and 
C. diphtheriae infect only luminal surfaces, causing 
disease mainly by their toxin production. 


Hemophilus influenzae Infections 


This encapsulated coccobacillary or pleomorphic 
gram-negative organism causes principally meningitis 
and upper respiratory infections, but sometimes also 
pneumonia and miscellaneous suppurative infections. 
Many H. influenzae infections are of only moderate 
severity and are antibiotic-responsive, but H. influenzae 
meningitis, bronchiolitis, or obstructive epiglottitis in 
children can rapidly become life threatening and cur- 
rently impose about an 8% mortality rate. 

More than 90% of human H. influenzae disease is 
accounted for by encapsulated type B strains, but other 
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strains, even nonencapsulated ones, are occasionally 
pathogenic, as are two related species, H. parainflu- 
enzae and H. aphrophilus. The organism’s mucoid cap- 
sule, as with pneumococci, has an antiphagocytic role 
with specific antisera it yields a quellung (swelling) 
reaction, useful for diagnosis. A limulus lysate assay for 
endotoxin is sometimes positive in cerebrospinal fluid 
during meningitis. A capsular polyribophosphate, the B 
antigen is the bacterium’s principal seroreactant and is 
also the antigen used for vaccination. Unfortunately, the 
youngest children who need protection most are those 
who show weak antibody responses to B antigen. There 
is cross reactivity between antigens of Hemophilus and 
certain strains of E. coli, which may explain age-related 
immunity and also may make possible the development 
of a more effective vaccine through genetic engineering. 

No more than 6% of healthy children carry type B 
H. influenzae organisms in their mouths, but many 
children carry other strains. Infection enters by the 
respiratory route and cases appear in small clusters or 
sporadically among members of day-care centers or 
families, rather than in meningococcus-like epidemics. 
The peak incidence of meningitis is at 1 year of age, 
ranging from 2 months to 7 years. The meningitis may 
appear suddenly or after a seemingly trivial prodrome 
mistaken for earache or for infant diarrhea. Neck stiff- 
ness or clear-cut neurologic signs of meningitis may not 
be evident. Because of endotoxin release by the bacte- 
ria, systemic manifestations are pronounced and, espe- 
cially in young children, progression of the disease can 
be surprisingly fast. All too often, delayed treatment 
results in death or permanent neural damage. Patients 
with “flu” epiglottitis or respiratory or systemic infec- 
tions tend to be somewhat older. 

The diagnosis of an H. influenzae infection is often 
suggested by finding gram-negative coccobacillary forms 
in exudate or in the spinal fluid. Culture on special 
enrichment medium is effective, and rapid tests for B- 
antigen by counterimmunoelectrophoresis, latex agglu- 
tination, or ELISA are available and are highly specific. 
Currently, most H. influenzae strains respond to anti- 
biotics, but resistant beta-lactamase—bearing organisms 
are increasing in number. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


H. influenzae lesions, like those of pneumococci, 
are exudative and rich in neutrophils and in fibrin, which 
gives the exudate a plastic quality and makes for slow 
resolution or sometimes organization and fibrous scar- 
ring. Respiratory infections range from trivial involvements 
of the pharynx, middle ear, sinuses, or tonsils resembling 
viral URIs to severe febrile bacteremic illnesses sometimes 
resistant to routine antibiotics. Acute epiglottitis and related 
involvements are more frequently caused by H. influenzae 
than by any other pathogen. The uvula, epiglottic folds, and/ 
or vocal cords rapidly become red and swollen, virtually 
suffocating the patient, sometimes within less than 24 hours, 
unless an airway is promptly established. Descending la- 
ryngotracheobronchitis may also result in airway obstruc- 
tion as the smaller bronchi are plugged by dense, fibrin-rich 
exudate. These airway disorders are pediatric emergencies 
and have high mortality rates. H. influenzae pneumonia 
occurs in both children and adults; it either may follow an 
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upper respiratory infection or bacteremia, i.e., may present 
as worsening of a previous respiratory disease, or may be 
a new complication of some other locus of infection.’ When 
it follows viral or other bacterial lung infection, it acquires 
special severity. Pulmonary consolidation is usually lobular 
and patchy, but when confluent and involving entire lung 
lobes it may be indistinguishable from pneumococcal pneu- 
monia, except by microbiologic study. 

H. influenzae is the most common single cause of 
suppurative meningitis in children up to 5 years of age, 
after which the meningococcus takes over temporary pri- 
macy. Its pathology is described in detail on page 1378 but 
resembles that of other pyogenic infections. However, the 
meningeal exudate is usually tenacious because of its rich 
fibrin content. 

Other infections may be caused by this agent. An 
acute purulent conjunctivitis in children, “pink eye,” long 
attributed to the Koch-Weeks bacillus, has now been proved 
to be due to H. influenzae. Like other gram-negatives, this 
organism can also cause septicemia, endocarditis, pyelo- 
nephritis, cholecystitis, and suppurative arthritis, usually in 
predisposed older individuals. All these lesions show the 
common anatomic characteristics of pyogenic infections, 
whose cause can be established only by cultural or serologic 
methods. 


Whooping Cough (Bordetella pertussis) 


B. pertussis, formerly misclassified as a Hemophi- 
lus, causes an acute, highly communicable childhood 
disease characterized by violent, near-asphyxiative par- 
oxysms of coughing followed by a loud inspiratory 
“whoop. In mild cases, the classical paroxysms are 
attenuated or absent, and the infection may pass for a 
nondescript “bronchitis.” Whether adenoviruses can 
produce a syndrome mimicking whooping cough re- 
mains controversial.!° B. pertussis is a pleomorphic 
gram-negative coccobacillus, as are its rarer relatives, 
B. parapertussis and B. bronchiseptica. It produces 
endotoxin and agglutinogens, but only one of its 49 
demonstrable antigens has histamine-sensitizing and 
lymphocytosis-promoting properties and is thought to 
represent its exotoxin. The organism has a strong tro- 
pism for the brush border of the bronchial epithelium, 
where it proliferates and whence its toxin diffuses to 
neural and other remote tissues. As the bacilli multiply 
entangled with the tracheobronchial cilia, diffusion of 
exotoxin is thought to account for the subsequent epi- 
thelial damage, enhanced cough reflex, neurotoxicity, 
and characteristic lymphocytosis of the disease. The 
toxin also stimulates insulin production and there is 
often weight loss during whooping cough despite ade- 
quate nutrition and only moderate fever. The Bordetella 
itself remains superficially located and the disease symp- 
toms outlast these bacteria, perhaps because the toxin, 
once intracellular, is inactivated rather slowly.’ Long- 
lasting immunity follows vaccination, as it does the 
disease. Whooping cough is therefore no longer inevi- 
table, but currently about 12,000 cases occur annually 
in the U.S., sometimes in local epidemics. Diseased, 
incubating, and convalescent patients all transmit per- 


tussis to nearby nonimmune persons by droplet aspira- 
tion (dried Bordetella dies promptly). Immune persons 
generate mucosal antibody, mostly of the IgA class, 
which prevents epithelial attachment and thus establish- 
ment of the bacteria. The disease, although sometimes 
uncomfortably prolonged, is self-terminating, and death 
from complications is rare. 


Following the incubation period of seven to ten days 
(rarely longer), the catarrhal period of coughing, sneezing, 
and signs of a URI develop. These symptoms are caused 
by a neutrophilic exudation limited largely to the mucosal 
epithelium of the upper airways. Large numbers of organisms 
are now demonstrable on the surface of the epithelium and 
entangled within the cilia of the columnar lining cells (Fig. 
8-16). As the disease enters the stage of paroxysmal 
coughing, necrosis of the midzonal and basal portions of the 
pseudostratified columnar epithelium becomes evident, ac- 
companied by an outpouring of a mucopurulent exudate and 
a mild leukocytic infiltrate in the submucosal tissues. With 
further progression the inflammatory reaction permeates the 
walls of the trachea and bronchi, and there is striking 
enlargement of the bronchial mucosal lymph follicles and 
peribronchial lymph nodes. A copious exudate accumulates 
in the air passages at this time. In the blood, lymphocytosis 
(up to 90% mature lymphocytes) occurs, together with a rise 
in the total white cell count, indicating a vigorous immune 
response; this finding is also helpful in diagnosis. 

In severe cases, the necrotic epithelium may desqua- 
mate, but genuine ulceration is uncommon. Mild interstitial 
pneumonitis may sometimes ensue, but alveolar consolida- 


Figure 8-16. Whooping cough. High-power detail of columnar 
epithelium of a bronchus with bacilli entangled within the cilia. 


tion is rare and is usually due to secondary bacterial invad- 
ers. Rarely, the violent coughing may rupture alveoli and 
result in interstitial lung emphysema interspersed with areas 


of atelectasis. Even subcutaneous emphysema (p. 724) may — 


develop. 

Nosebleeds, rupture of superficial vessels in the mucosa 
of the alimentary tract, hemorrhages into the sclera or 
conjunctiva, petechial hemorrhages into the serosal linings 
of the body cavities, petechiae in the skin of the face and 
neck, and punctate hemorrhages in the brain sometimes 
appear as a consequence of the explosive coughing and 
hypoxia. Convulsions appear in about 10% of full-blown 
cases, probably related to the hypoxia and intracerebral 
hemorrhages. Posttussis encephalitis is an infrequent and 
obscure complication. 

Convalescence usually follows the paroxysmal stage. 
Infrequently, bacterial pneumonia or otitis media may com- 
plicate the clinical course. 


Diphtheria 


Diphtheria is an acute communicable disease 
caused by phage-bearing, exotoxin-producing Coryne- 
bacterium diphtheriae. In classic pharyngeal diphtheria 
a localized inflammatory membrane of the upper respi- 
ratory tract contains the bacteria, while systemic spread 
of the exotoxin evokes lesions in other organs including 
the heart and nerves (for discussion of the toxin, see p. 
301). In unvaccinated populations, children between 2 
and 15 years of age are at highest risk. Cutaneous 
diphtheria originating from neglected skin wounds oc- 
curs in adults, especially in combat troops in the tropics 
or skid-row derelicts in cities. 

Although vaccination has made diphtheria a rare 
childhood disease, many adults vaccinated more than 
ten years previously are not fully protected, nor are 
illegal immigrants or their children, and it is among 
such persons that small epidemics still occur in the U.S. 
The current incidence is only a few hundred cases per 
year, but it is slowly rising and the infections are still 
too often fatal among the totally unprotected. Moreover, 
the slackening state of prophylaxis in the U.S. raises the 
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specter of larger epidemics. Sporadic respiratory diph- 
theria, cutaneous diphtheria, and the rare umbilical and 
conjunctival infections have become difficult diagnostic 
challenges. Wound infections manifested by nonde- 
script, membrane-covered chronic ulcers are prone to 
go unrecognized until toxemic manifestations have ap- 
peared. Early diagnosis is vital since the systemic effects 
respond only to prompt administration of antitoxin. 


During its one- to seven-day incubation period, C. 
diphtheriae proliferates at its site of implantation, usually the 
mucosa of the nasopharynx, oropharynx, larynx, or trachea. 
Reimplantation and satellite lesions in other sites, e.g., the 
esophagus or lower airways, are common. Edema and 
hyperemia of the affected epithelial surface appear first. In 
the next few days, the elaboration of exotoxin causes necro- 
sis of the epithelium, accompanied by an outpouring of large 
amounts of a dense fibrinosuppurative exudate. The coag- 
ulation of this exudate on the ulcerated necrotic surface 
creates a tough, dirty gray—to-black, superficial mem- 
brane (Fig. 8-17), sometimes called a “pseudomem- 
brane.” This harbors sloughed necrotic epithelial cells as 
well as a profusion of the organisms. Neutrophilic infiltration 
in the underlying tissues becomes progressively more in- 
tense and is accompanied by marked vascular congestion, 
interstitial edema, and fibrin exudation. When the membrane 
is torn off its highly vascularized bed, oozing of blood occurs. 
Occasionally, inflammation and necrosis of the subjacent 
tissues permit spontaneous dislodgement and aspiration of 
the membrane, resulting in acute respiratory obstruction. 
Similar membrane formation and inflammatory reactions 
occur in many other localizations of the organisms. With 
control of the infection, the membrane either sloughs or is 
removed by enzymatic digestion, the inflammatory reaction 
subsides, and the local mucosal defect is closed by regen- 
eration. The regional nodes of drainage respond with a 
nonspecific acute lymphadenitis, most dramatically ex- 
pressed during the severe ‘“‘bull’s neck” type of diphtheria. 

Although the bacterial invasion remains localized, gen- 
eralized reticuloendothelial hyperplasia of the spleen and 
lymph nodes ensues, owing to the absorption of soluble 
exotoxin into the blood. The exotoxin may cause fatty 
myocardial change, polyneuritis with degeneration of 
the myelin sheaths and axis cylinders, and (less com- 


Figure 8-17. Membrane of diphtheria lying within transverse bronchus (A) and forming a perfect cast 
(removed from lung) of the branching respiratory tree (B). 


318 


monly) fatty change or even focal necroses of paren- 
chymal cells in the liver, kidneys, and adrenals. Occa- 
sionally, in more severe cases, the scattered cardiac muscle 
fibers undergo degeneration or necrosis.’ These organ 
alterations are largely reversible and are rarely followed by 
permanent scarring, but both motor and sensory nerve fibers 
may fail to regenerate adequately, and minimal interstitial 
myocardial fibrosis may persist. Some long-lasting cardiac 
conduction defects may thus have originated during child- 
hood diphtheria.' 


INFECTIOUS DISEASES 


Clinically, pharyngeal diphtheria begins with insid- 
iously developing sore throat accompanied by fever, 
malaise, chills, and weakness. During full-blown mem- 
brane formation, laryngeal and tracheal involvement 
may cause severe respiratory distress, crowing respi- 
ration, cyanosis, and even sudden asphyxiation from 
the dislodgement and aspiration of the necrotic mem- 
brane. Involvement of the heart (seen in those with 
severe infections) usually does not become manifest 
until five to seven days after the local changes have 
developed. When sufficiently severe, it may cause car- 
diac arrhythmias or decompensation and death. Neu- 
rologic manifestations can start as early as two to three 
days into the illness, but usually develop considerably 
later, frequently not becoming evident until the acute 
infection has subsided (referred to as postdiphtheritic 
neuritis). Weakness and paralyses of the soft palate, 
extraocular muscles of the eye, and even of the extrem- 
ities, occur in less than one-quarter of the cases. Many 
of these neurologic disturbances slowly subside, but 
some may persist. 

The clinical diagnosis is usually apparent from the 
characteristic membrane. However, specific identifica- 
tion of pathogenic organisms by culture is required 
since other (e.g., fungal or fusospirochetal) infections 
can mimic diphtheria. Special fibrin-containing media 
must be used for culture because streptococci are often 
simultaneously present in diphtheria-infected throats, 
and positive cultures should always be tested by gel 
diffusion for toxigenicity to avoid confusion with com- 
mensal mouth diphtheroids. Susceptibility to diphtheria 
can be determined by the Schick test, the intradermal 
injection of purified toxin. Within 24 hours, nonimmune 
individuals develop reddening at the site of injection, 
which enlarges and becomes edematous over the suc- 
ceeding five to seven days. 

The mortality rate for persons receiving antitoxin 
promptly is now extremely low. In the untreated, death 
may be due to respiratory obstruction, myocardial fail- 
ure, or overwhelming toxemia and shock. The key to 
diphtheria control is vaccination and revaccination of all 
those at risk. 


ENTEROPATHOGENIC BACTERIA 


Besides the bacterial species listed as common 
enteropathogens in Table 8-5, other organisms can 
cause intestinal disorders, most notably Clostridium 
difficile and the enterotoxin-producing or invasive staph- 


ylococci. Conversely, some enteropathogens can infect 
organs other than the gut. The diarrheal syndrome, a 
common denominator of enteric infections, also has 
many noninfectious causes and can vary greatly in 
severity. Thus far, three mechanisms are known by 
which bacteria cause diarrhea: (1) direct invasion of the 
gut wall, (2) release of enterotoxins, and (3) the recently. 
discovered hypersecretory state elicited by bacterial 
adhesion to mucosal epithelial cells.!°’ Only invasive 
enteropathogens cause substantial leukocytic infiltration 
and exudation into the stool; adhesive or toxin-producing 
serotypes induce large diarrheal fluid losses in the 
absence of exudate or definable anatomic mucosal le- 
sions. This distinction is fundamental to the diagnosis 
and management of bacterial enteritis, and makes direct 
microscopic stool examination for leukocytes an impor- 
tant aid in diagnosis. 

In some bacterial species, enteropathogenicity is 
stably transmitted by chromosomal DNA; in others, like 
E. coli, it is acquired via plasmids. It is often desirable, 
therefore, in enteric infection to go beyond cultural 
identification of the bacterial species. Serotyping, or the 
newer methods of DNA blotting or DNA-RNA hybrid- 
ization, far more specifically characterize the responsible 
organism.” ”? With new methods and culture media, 
there can be few cases of infectious enteritis without a 
known etiologic agent today. Enteric infection in the 
predisposed host should be of as much concern as 
respiratory infection. Corticosteroids and immunosup- 
pressive drugs sometimes used to treat idiopathic ulcer- 
ative colitis increase the pathogenicity of many enteric 
organisms; moreover, slowing of intestinal transit by 
antispasmodic drugs favors intraluminal bacterial prolif- 
eration, and can thus aggravate and prolong enteric 
infection. The differential diagnosis between bacterial 
and idiopathic ulcerative colitis is thus especially crucial 
(see p. 859). 


E. coli Enteric Infections 


Although E. coli is a normal commensal of the 
human GI tract, it has long been known as a cause of 
diarrhea and dysentery (painful bowel movements) in 
infants, children, and adults. Through plasmids, certain 
serotypes have acquired invasiveness, entero- 
adhesiveness, or enterotoxicity. Invasiveness has been 
associated mainly with the O-group of E. coli (O28, 
O112, O115, 0136), but is not limited to these strains. 
Most enteroinvasive epidemics in the U.S. accur in the 
Southwestern states among agricultural migrants or 
among children on Indian reservations. In developing 
countries these strains are frequent causes of dysentery. 
They produce inflammation and partial destruction of 
the colonic mucosa, similar to that of shigellosis, but 
milder as a rule (p. 321). After one to two days of 
incubation, enteroinvasive E. coli abruptly give rise to 
diarrhea, cramping pain, tenesmus, fever, and malaise 
of about one week’s duration. Stools are watery and 
often contain flecks of mucus and neutrophilic exudate. 

The toxigenic E. coli strains, also principally of the 


O-group (06, O15, 026, O55, and O111, among others), 
release a plasmid-acquired enterotoxin whose mode of 
action parallels that of Vibrio cholerae (p. 323). In this 
more common version of diarrheal disease, the mucosa, 
though severely deranged in its function, remains mor- 
phologically intact; stools have the rice-water quality 
seen in cholera. The disease in adults is usually mild, 
limited to three to seven days; in children, the diarrhea 
may be more severe and prolonged and dehydration 
can ledd to death without careful fluid management. 
The enterotoxin found in pediatric infections is heat 
stable, whereas that in adult traveler's diarrhea seems 
to be heat labile. Enterotoxic E. coli are widely dissem- 
inated in third-world countries, most of whose adult 
inhabitants become immune to the native flora. Non- 
immune travelers are therefore vulnerable; perhaps one- 
third of all cases of “Montezuma’s revenge’ are due to 
enterotoxic E. coli, thus emphasizing the benefits of 
prophylactic antibiotic use (others are due to parvovirus 
or to protozoal infections that fail to respond). 

A new type of E. coli enteroadhesive enteritis, first 
recognized in piglets (K88 strain), is being seen in 
humans.'” Activated by plasmids, the bacterial pili 
(normally initiating conjugation and DNA exchange) 
adhere instead to a receptor on the enteric epithelial 
cell membrane. On electron microscopy, bacteria are 
solidly anchored on the luminal surface of mucosal cells, 
which undergo cytoplasmic cupping and vacuolization. 
The mechanisms by which these organisms induce diar- 
rhea are still poorly understood, but appear to be 
distinct from those involved in the production of enter- 
otoxin. 


Salmonella Infections 


These members of the gram-negative coliform 
group are among the foremost causes of food- and water- 
borne enteric infections in the world, although only 
about 25,000 cases are reported annually in the U.S. A 
biochemical classification recognizes only three human 
species: (1) S. typhi (the cause of classical typhoid fever), 
(2) S. choleraesuis, and (3) S. enteritidis (variably causing 
acute enteritis, or septicemia). However, well over 1000 
serotypes of the S. enteritidis group have been identi- 
fied, the most prevalent in the U.S. being S. typhimu- 
rium, S. enteritidis, S. newport, and S. heidelberg. 

Salmonellae are versatile in antigenicity and disease 
manifestations, and may cause (1) typhoid fever; (2) 
enteric fevers, which basically resemble typhoid fever 
but are milder; (3) “Salmonella food poisoning,” a form 
of acute gastroenteritis; (4) gram-negative septicemia; 
(5) localized abscesses and ihflammatory foci in almost 
any organ of the body, including the bones and arteries; 
and (6) a chronic carrier state. They are acquired by 
ingestion of contaminated food or water. Small numbers 
will not produce disease, except in persons lacking 
gastric acidity. S. typhi is shed by infected humans, 
including convalescents, and by chronic carriers without 
overt disease who harbor the organisms in their gall- 
bladders. The main reservoir is humans. Personal hy- 
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giene, water and insect control, and food inspection 
have done more than vaccines to prevent typhoid fever, 
but it remains widespread in developing countries, 
migrants from which are potential sources of infection. 
Other salmonellae come principally from animals and 
their food products, which they widely contaminate; 
poultry are particular hazards. So many turtles carry 
salmonellae that they are banned as children’s pets in 
the U.S. 

Salmonellae have flagellar, somatic, and outer coat 
antigens (named H, O, and Vi antigens, respectively), 
but their pathogenicity remains poorly understood. 
They lack enterotoxins, but are capable of invading 
intestinal mucosal cells to cause degenerative changes 
in the brush border and apical cytoplasm.'® They also 
induce luminal fluid accumulation in the isolated ileal 
loop prior to mucosal ulceration.'!” The manner in which 
salmonellae traverse the gut epithelium has not yet 
been adequately explained. After invasion they are taken 
up by neutrophils and macrophages within the lamina 
propria, and can multiply for a time inside the phago- 
somes of these cells. Their ultimate destruction by 
phagocytes coincides with the onset of clinical convales- 
cence. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


TYPHOID FEVER 


Luminal proliferation of S. typhi, mucosal penetra- 
tion, uptake by macrophages, and dissemination to the 
lymphatic structures of the gut and mesentery are the 
earliest events in typhoid fever and are completed 
within the incubation period of one to two weeks. 
Bacteremia then ensues during the first week of clinical 
disease. 


The organisms cause enlargement of reticuloendothelial 
and lymphoid tissue throughout the body. Proliferation of 
phagocytes swells the lymphatic submucosal nodules of the 
entire gut, mainly Peyer’s patches of the terminal ileum. 
These become sharply delineated, plateau-like elevations 
up to 8 cm in diameter, bulging into the intestinal lumen 
(Fig. 8—18). Concomitantly, the mesenteric lymph nodes, the 
spleen, and often the liver increase in size. In untreated 
cases, during the second week, the mucosa over the swollen 
ileal lymphoid tissue is shed, resulting in oval ulcers with 
their long axes in the direction of bowel flow (Fig. 8-19), a 
pattern seen only in typhoid fever and Yersinia infections (p. 
323). Intestinal tuberculosis, by contrast, produces circular 
or transverse ulcers. Bleeding from typhoidal ulcers is usually 
scant, but can sometimes become uncontrollable. Perfora- 
tion, although rare, has been the cause of many fatalities. 
Once past the peak of the disease, the ulcers slowly heal 
and the lymphatic structures amazingly regenerate without 
permanent scarring. 

Histologically, there is both local and systemic mobili- 
zation and accumulation of mononuclear phagocytes 
throughout the lymphoreticular system. The macrophages 
are large, plump, and rounded rather than epithelioid, and 
form small nodular aggregates rather than full-fledged tu- 
berculoid granulomas. Quite distinctly, they are filled with 
red cells (erythrophagocytosis), nuclear debris, and ba- 
cilli during the height of the disease. The bacteria are 
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Figure 8-18. Typhoid fever. Gross view of markedly hyperplastic lymphoid follicles in opened ileum. 


usually scarce and are better seen after polychrome meth- 
ylene blue staining than with Gram stains. Intermingled with 
the phagocytes are lymphocytes and plasma cells in liberal 
numbers, but granulocytes .are typically quite scarce and 
congregate mainly near the ulcerated surface of Peyer's 
patches (Fig. 8—20). Not surprisingly, there is neutropenia in 
the peripheral blood. Despite the distinctiveness of these 
enteric findings, the pathologic diagnosis must still be con- 
firmed by culture on appropriate enteric media. 

The spleen is usually markedly enlarged, soft, and 
bulging, with uniformly pale red pulp and obliterated follicular 
markings. Microscopically, it has marked sinus histiocytosis 
and reticuloendothelial proliferation, replicating the changes 
seen in the lymphoid tissues of the gut and elsewhere; 
splenic rupture is uncommon, compared with that in infec- 
tious mononucleosis (p. 288). The liver shows small, ran- 
domly scattered foci of trabecular necrosis in which the 
parenchyma is replaced by phagocytic mononuclear cell 
aggregates, called “‘typhoid nodules”; these nodules also 
occur in the bone marrow. Treatment can, of course, arrest 
or modify all these classical lesions. Fatty change may 
appear in the liver of patients erroneously kept on liquid 
diets. Tetracycline treatment may result in microvesicular 
fatty liver change and in hepatic failure with jaundice (similar 
to the acute jaundice syndrome seen in pregnancy) (p. 890). 
A more frequent complication is pneumonia, generally due 


to intercurrent bacterial superinfection. S. typhi, like other 
salmonellae, can localize in many sites including the con- 
junctivae, meninges, joints, kidney, and gallbladder, but 
despite the early bacteremia of typhoid fever, only gallblad- 
der infections attain a frequency of 3%, that of the carrier 
state. This may or may not be associated with gallstones 
and often requires cholecystectomy to terminate the carrier 
state. 


Classical typhoid fever is ushered in by malaise, 
headache, and fever with afternoon spikes that progres- 
sively mount each day. The fever stabilizes during the 
second week (the fastigium) and then gradually declines 
during the third and fourth weeks. Recurrent chills may 
appear, reflecting the bacteremia. A variety of abdomi- 
nal symptoms (distention, colicky pain, or constipation 
alternating with diarrhea) point to the intestinal involve- 
ment. 

During the second week, a characteristic skin rash, 
described as “rose spots” (1- to 5-mm red macules that 
blanch upon pressure), may appear, often on the lower 
anterior chest and upper abdomen. This eruption is 
rarely conspicuous and fades quickly. Characteristically, 
there is splenohepatomegaly, bradycardia, and leuko- 


Figure 8-19. Typhoid fever. Low-power view of cross section of a markedly enlarged and disrupted 
lymphoid follicle in ileum, with necrosis of overlying mucosa. 


Figure 8-20. Typhoid fever. High-power detail of massed phagocytic cells in center of a reactive 
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lymphoid follicle. Scattered cells contain phagocytized red and white cells. 


penia. It will be recalled that neutrophils participate 
but little in the defensive response; the brunt of the 
attack is borne by reticuloendothelial cells and macro- 
phages. 

The combination of bradycardia and leukopenia in 
a patient who has an apparently severe septic, febrile 
illness is sufficiently unusual to suggest the diagnosis of 
typhoid fever. It can be confirmed by isolation of the 
organism from the blood during the first week in about 
90% of cases, falling to 50% by the third week. Bacilli 
may appear in the stools early, but are regularly re- 
coverable only during the third to fifth weeks. Urine 
cultures become positive during the third to fourth 
weeks in about one-quarter of patients. Antibodies, as 
identified by the Widal reaction, are demonstrable 
during the second week of illness, with progressively 
rising titers during the subsequent two weeks. 

Since typhoid fever became sporadic in the U.S., 
its diagnosis has often been delayed, but appropriate 
antibiotics still abort its course and anatomic progres- 
sion. Resistance (R) factors have now appeared in several 
countries, so that sensitivity testing and careful anti- 
biotic selection have become mandatory. Infants, chil- 
dren, and the elderly are at highest risk, but death from 
classical typhoid fever, usually from intestinal perfora- 
tion or hemorrhages or intercurrent pneumonic infec- 
tions, still occurs in all age groups among the medically 
underserved. 


OTHER SALMONELLA INFECTIONS 


Food poisoning with vomiting and diarrhea repre- 
sents the mildest expression of the Salmonella disease 
spectrum. Its incubation and duration are brief; its 
systemic effects slight; complications are rare and fatal- 
ities unknown. It often presents as a local epidemic 
traceable to a single food source. Little is known of its 
pathology except that lesions appear to be limited to 
the colon, are superficial, and heal promptly. Biopsies 
have shown mixed inflammatory cell infiltration of the 
lamina propria of the gut mucosa with superficial epi- 


thelial erosions; in a few cases, however, the lesions 
were severe enough to resemble those of idiopathic 
ulcerative colitis.'!° 

Enteric fevers caused by S. typhimurium, S. enter- 
itidis, S. choleraesuis, and other miscellaneous salmo- 
nellae have features and severity intermediate between 
those of salmonella food poisoning and typhoid fever. 
Occasionally, however, S. typhimurium infection has 
proved fatal. Salmonella bacteremia can also occur in 
the absence of intestinal lesions or symptoms, as a 
febrile septic disease with or without any localizing 
signs. Occasionally, S. typhi bacteremia recurs in an 
adult carrier who may only dimly recall having had 
enteric fever during childhood. Localized infections— 
pyelonephritis, cholecystitis, meningitis, pericarditis, 
mycotic aneurysm, endocarditis, and salpingitis—due to 
various Salmonella species may occur. Patients with 
hemoglobinopathies, especially with hemoglobin S dis- 
ease (p. 618) are prone to prolonged Salmonella bacter- 
emias and osteomyelitis. Patients, mostly in Egypt and 
Brazil, with Schistosoma infections may secondarily 
acquire chronic salmonellosis, arising from either uri- 
nary tract’! or enteric lesions.'!? Treatment of both the 
helminthic and the Salmonella infection is necessary in 
such instances because the bacteria adhere to and 
symbiotically thrive on the parasite’s tegument.’® 


Bacillary Dysentery (Shigellae) 


Dysentery means diarrhea with abdominal cramps 
and tenesmus, symptoms that may have many diverse 
causes,-including heavy metal poisoning. Only the full 
term bacillary dysentery is used synonymously with 
shigellosis. The shigellae are a group of slender, gram- 
negative, coliform facultative anaerobes; they produce 
an acute colitis clinically manifest as dysentery or, in 
milder infections, as diarrhea. They resemble the sal- 
monellae in causing disease by invasion of the gut, but 
differ from them in three respects: (1) shigellae as a 
group are transmitted between humans, and unlike 
some salmonellae lack important animal reservoirs; (2) 
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lesions are largely confined to the colonic mucosa and, 
rarely, the terminal ileum; and (3) organisms tend to 
remain localized to the gut wall, sometimes spreading 
as far as the draining lymph nodes but without significant 
bacteremia or invasion of distant organs. 

Shigellae are pathogenic when as few as 10 to 100 
bacteria are ingested. They persist in stools for only 
several weeks after convalescence, and chronic asymp- 
tomatic carriers are very rare. Shigellae do not survive 
well outside the feces, and fecal contamination of food, 
water, or eating utensils is probably the most important 
mode of spread, whether through handling or insect- 
borne. Today, shigellosis in developed countries occurs 
mostly as sporadic cases or in small clusters among 
travelers to locales where effective sanitation is lacking. 
However, the infection may sometimes appear without 
any known source, and its recognition is always impor- 
tant because of its potential severity and public health 
implications. Small epidemics have started within closed 
institutions or communities that share food supplies. 
Some of the severest outbreaks have been in nurseries, 
but occasionally major epidemics spread like wildfire, 
as during the 1968 invasion of the U.S. by the classical 
Shiga bacillus (S. dysenteriae 1) from Central America. 

There are four species: S. dysenteriae, S. flexneri, 
S. boydii, and S. sonnei; each is further subdivided into 
numerous serologic subtypes. At one time S. dysenteriae 
was the dominant cause of disease in the U.S. as well 
as in Central and South America, but now S. flexneri 
and S. sonnei are the causes of most sporadic disease in 
industrialized nations. All strains elaborate an endotoxin 
but, in addition, S. dysenteriae produces a powerful 
exotoxin known as Shiga neurotoxin. In animals the 
neurotoxin causes diarrhea and hindquarter paralysis. 
What role it plays in adult human disease is uncertain. 
The pathogenesis of shigellosis has been studied in 
animal models, most recently in nonhuman primates!"'; 
three steps appear to be involved: (1) replication of 
organisms in the terminal small intestine and colon, (2) 
penetration of the bowel mucosa directly across epithe- 
lial cells, and (3) replication and bacterial colonization 
within the lamina propria. This same sequence is 
thought to apply to man.'!* The subsequent appearance 
of intestinal ulcers is attributable to the activity of 
liberated endotoxin. Lately, shigellae have been acquir- 
ing a miscellany of R factors for antibiotics compounding 
the therapeutic problem. Sensitivity testing of the iso- 
late thus becomes critical to shorten Shigella excretion 
and protect the patient from clinical relapse. 


INFECTIOUS DISEASES 


In severe bacillary dysentery the colonic mucosa be- 
comes hyperemic and edematous; enlargement of the 
lymphoid follicles creates small, projecting nodules. Within 
the course of 24 hours a fibrinosuppurative exudate 
diffusely covers the mucosa and produces a dirty gray— 
to-yellow pseudomembrane. The inflammatory reaction 
within the intestinal mucosa builds up, the mucosa becomes 
soft and friable, and irregular superficial ulcerations appear. 
If the infection is severe, large tracts may be denuded, 
leaving only islands of preserved mucosa (Fig. 8-21). Usu- 
ally, all the ulcerations are superficial and rarely extend 
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Figure 8-21. Shigella colitis with edema, ulceration, and pseudo- 
membrane formation. 


below the mucosal level. Macroscopically, they are not 
distinctive from the lesions of active idiopathic ulcerative 
colitis. Perforation is an uncommon complication. 

Histologically, there is a predominantly mononuclear 
leukocytic infiltrate within the lamina propria, but the surfaces 
of the ulcers are covered with an acute, suppurative, neutro- 
philic reaction accompanied by congestion, marked edema, 
fibrin deposition, and thromboses of small vessels. As the 
disease progresses, the ulcer margins are transformed into 
active granulation tissue. When the disease remits, this 
granulation tissue fills the defect, and the ulcers heal by 
regeneration of the mucosal epithelium. 


The incubation period of bacillary dysentery is less 
than 48 hours. Disease due to S. dysenteriae may be 
fulminating and in epidemics there have been death 
rates of up to 20 to 50%. Such severity is unusual in 
infections by the other Shigella species. The classic 
severe case begins abruptly with watery diarrhea, nau- 
sea, and vomiting, often with crampy abdominal pain 
partly alleviated by bowel movements. Bowel move- 
ments may exceed 50 per day. The stools are scanty, 
mucoid, stained with blood, and flecked with pus. 
Numerous neutrophils can be seen microscopically. 
Headache and fever follow the onset of diarrhea. If 
fluids and electrolytes are not adequately maintained, 
dehydration, prostration, and impaired mental status 
may ensue; occasionally in such “toxic” patients, neck 
stifMmess is noted. Unmitigated, severe acute Shigella 
dysentery is among the most miserable of human dis- 
eases, worse than cholera. Fortunately, milder diarrheal 
cases that spontaneously remit at home are more com- 
mon. However, all infections, severe or mild, must be 
traced and treated in order to prevent further spread. 
Stool culture on enteric media is still the cornerstone 
of diagnosis. 


Cholera (Vibrio cholerae)* 


Vibrios are comma-shaped, gram-negative organ- 
isms, readily cultured on selective media and sometimes 
directly visible in stools by microscopy or immunofluo- 


rescence. V. cholerae has been the cause of seven great 
pandemics of diarrheal disease, the latest one during 
the years 1961 to 1974. In addition to its three classical 
serotypes, the somewhat less pathogenic V. cholerae El 
Tor has recently been spreading. The so-called non- 
cholera vibrios such as V. parahaemolyticus, acquired 
from raw or poorly cooked seafood, cause milder diar- 
rheal illness as a rule. V. alginolyticus and the recently 
isolated V. vulnificus are sea-water adapted and, unlike 
the enteropathogenic vibrios, cause skin infections and 
systemic sepsis.'!© The Campylobacters are closely re- 
lated to the Vibrios. 

Cholera has been endemic as a childhood and adult 
disease in the watershed of the Ganges River for as long 
as can be remembered, and its pandemics have always 
traveled westward into Europe and Africa. In rural 
Bangladesh, India, and Indonesia, cholera, especially 
when inadequately treated, still takes a gigantic toll, 
particularly among children. The deaths are all the more 
tragic because the infection is more readily controlled 
than those caused by shigellae and other enteroinvasive 
pathogens. A minor outbreak was reported in the south- 
west of the U.S. in 1978, not traceable to any imported 
source.'!” 

V. cholerae is transmitted by the fecal-oral route, 
and its long-term excretion by convalescents and asymp- 
tomatic carriers contributes greatly to its spread. Its 
pathogenicity is entirely attributable to an enterotoxin 
(p. 301), which activates the adenylate cyclase of the 
plasma membranes of the crypt epithelium of the small 
bowel. Massive secretion of isotonic fluid ensues, over- 
whelming the reabsorptive capacity of the colon and 
resulting in the typical, dilute, rice-water or straw- 
colored diarrhea of cholera containing flecks of mucus, 
but few if any leukocytes.!!® Fortunately, the absorptive 
function of the gut remains intact so that the massive 
Na, K, HCO,, and fluid losses can be replaced by oral 
formulas. The untreated adult patient presents a pitiful 
picture of dry mouth, sunken eyes, weak pulse, leth- 
argy, and anuria. There may be bouts of vomiting and 
normal or even low body temperature. With fluid 
replacement and other supportive therapy, complete 
recovery is the rule, the mortality rate being now less 
than 1%; without adequate therapy, it ranges up to 
50%. Deaths are mostly caused by dehydration, hypo- 
volemic shock, and metabolic acidosis. 


V. cholerae does not invade or damage the gut 
mucosa. The vibrios, if stained by immunofluorescence, do 
not pass beyond the epithelial brush border. The mucosal 
lamina propria usually shows congestion and a moderate 
infiltration of mononuclear inflammatory cells. Where cholera 
is endemic, such changes in the crypt-to-villus ratio (normally 
1:3) as may appear in the jejunal mucosa are usually related 
to diet and chronic exposure to various enteric pathogens 
rather than to the vibrios. Interestingly, there is often hyper- 
plasia of the lymphoid cells of Peyer's patches, and some- 
times also of the mesenteric lymph nodes and spleen."’? In 
sum, the few histologic alterations seen in biopsies of cholera 
patients in no way reflect the dramatic functional effects of 
cholera toxin. Fatal cases may reveal the consequences of 
hypovolemic shock and electrolyte imbalance, e.g., lung 


323 


edema with hyaline membranes and thickened alveolar 
septa, or focal myocardial necrosis; terminal bronchopneu- 
monia may complicate the picture. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Immunity to cholera does not seem to be lasting, 
since reinfection is common and the currently available 
vaccine composed of killed vibrios protects only partially 
for three to six months, motivating a search for more 
effective immunogens. '”° 


Campylobacter Enteritis 


Until recently, this comma-shaped, flagellated, 
gram-negative organism was classified with the vibrios. 
Only when special cultural conditions permitted its 
isolation did it become apparent that it was an important 
cause of invasive enterocolitis and septicemia in man 
that had frequently been missed by routine cultures for 
the coliforms and enterobacteria. Currently, Campylo- 
bacter (fetus) jejuni is responsible for 5 to 11% of all 
cases of diarrhea and dysentery in U.S. hospitals, equal- 
ing or surpassing the salmonellae as an enteric patho- 
gen.'*! Another species, C. (fetus) intestinalis, is an 
infrequent but important opportunistic pathogen that is 
similar to other nonenteric gram-negatives already dis- 
cussed in causing localized and generalized sepsis. 

Much less is known about the epidemiology of C. 
jejuni than of the salmonellae, but there appear to be 
parallels: both these infections can be zoonotic, poultry 
is a known source for both, and epidemics are usually 
modest in size, affecting both adults and children. 
Sporadic infections may be derived from dogs, many of 
which are carriers. 

Like salmonellae, C. jejuni is enteroinvasive and 
causes disorders ranging from subclinical infection to 
incapacitating dysentery. Abdominal pain is a frequent 
complaint and may precede the diarrhea. Nausea, head- 
ache, myalgia, and fever are the most common symp- 
toms; stools are foul-smelling, containing exudate and 
streaks or microscopic amounts of blood. Pain may 
persist after diarrhea ceases and the average duration of 
illness is about five days. 


Inflammation involves the entire gut from the jejunum 
to the anus. The colonic mucosa appears friable or superfi- 
cially eroded on proctoscopy. Comma-shaped organisms 
can be seen in the mucosa and lamina propria by electron 
microscopy. Under the light microscope, there may be 
colonic crypt abscesses and ulcerations resembling 
those of chronic ulcerative colitis. Small bowel biopsies 
show hyperemia, edema, and inflammatory infiltrates of 
neutrophils, lymphocytes, and plasma cells in the lamina 
propria, with some decrease of the crypt-villus ratio.'*? Sep- 
ticemia is uncommon and the infection has rarely been fatal, 
but correct identification of this agent and appropriate anti- 
biotic regimens are obviously important since they can 
shorten the clinical course and prevent further transmission. 


Yersinia Enteritis 


One relative of the plague bacillus, Y. enterocolit- 
ica, has now entered the constellation of enteropatho- 
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gens and is being reported with increasing frequency, 
though not equaling that of Campylobacter. It too 
requires special media for identification. Both zoonotic 
and case-to-case transmission occur. A passive hemag- 
glutination test is now available for diagnosis. 


The organism may involve the upper as well as the 
lower digestive tract and sometimes causes pharyngitis or 
tonsillitis, along with cervical lymph node enlargement. Most 
frequently involved are the distal ileum and colon. The 
ulcerative intestinal lesions are not unlike those of typhoid 
fever, but histologically, microabscesses of the lymphoid 
tissues rimmed by mononuclear phagocytes can be identified 
that resemble the “stellate abscesses” of lymphogranuloma 
venereum and the lesions of cat-scratch disease. Thus, in 
its granulomatous characteristics, Yersinia enterocolitis is 
distinctive from other enteric infections. Mesenteric lymphad- 
enitis is prominent, attributable to the necrotizing and sup- 
purative lesions of the gut. 


Because of its deeply invasive propensity, Y. enter- 
ocolitica belongs to the more severe and potentially 
lethal causes of dysentery. Its diarrheal syndrome re- 
sembles that of other enteroinvasive infections and 
abdominal pain is usually present, sometimes suffi- 
ciently severe to lead to surgical exploration.'!* Its 
destructive potential explains both the relatively pro- 
longed disease caused by the agent and the urgency of 
appropriate antibiotic therapy.'** An arthritic syndrome 
of obscure pathogenesis may complicate the clinical 
course. A hemagglutination test is available for diagno- 
sis. 


CLOSTRIDIA 


The clostridia are a large family of gram-positive, 
sporulating anaerobes, sometimes shaped like a tennis 
racket. They are inhabitants of the animal gut and their 
spores widely pervade pastures and garden soil. Only a 
few species are important causes of human disease 
(Table 8-5). Clostridia are better adapted to their gut- 
and-soil cycle than to mammalian tissue, which they 
invade only under favorable conditions for their growth: 
low oxygen tension, previous tissue damage, or poor 
phagocytic defense. Each human pathogenic species 
produces powerful specific toxins that can give rise to 
life-threatening illnesses, sometimes even in the ab- 
sence of tissue invasion (p. 301). Toxin release by 
clostridia requires germination of spores and prolifera- 
tion without interference by competing flora. These 
conditions explain the relative rarity and severity of 
clostridial disease. Conversely, clostridial spores can be 
incidentally present in normal skin, clean wounds, and 
infections due to other pathogens; therefore, isolation 
of these organisms in anaerobic culture is not necessarily 
diagnostic of clostridial disease. 


Tetanus (C. tetani) 


Tetanus is a severe, acute disease characterized by 
convulsive contractions of voluntary muscles, induced 


by the powerful neurotoxin elaborated by C. tetani, one 
of the most violent poisons known to man (p. 301). 
Tetanus resembles diphtheria insofar as the bacterial 
infection remains localized, but absorption of the exo- 
toxin produces major systemic effects. 

The spores of the organisms, derived from the 
excreta of horses and other animals, are widely distrib- 
uted and are often ingested with plants and vegetables, 
but are incapable of germinating or generating toxin in 
the gut. Tetanus, therefore, usually results from spore 
contamination of penetrating wounds that permit the 
development of deep-seated mixed infections providing 
both low oxygen tension and devitalized tissue necessary 
for germination of the spores; hence, the need for careful 
débridement of tissue injuries and for the “laying open” 
of deep wounds suspected of harboring spores. Clean 
wounds devoid of tissue necrosis such as needle or nail 
punctures provide less opportunity for spore germina- 
tion, but do not preclude tetanus. “Skin popping’ or 
“mainlining’ drug addicts are occasional victims. New- 
born infants may be infected by fecal soiling of the 
umbilical cord stump, particularly when the squatting 
position or birthing chairs are used without proper 
attention to possible contamination. The incidence of 
neonatal tetanus has been greatly reduced by maternal 
vaccination during pregnancy, since maternal antibodies 
are passed to the infant.!” In the U.S. the use of tetanus 
booster doses has lowered the annual incidence of 
tetanus to about 70 cases. 

Tetanus bacilli elaborate a hemolysin (tetanolysin) 
and a neurotoxin (tetanospasmin), but only the latter 
accounts for the manifestations of disease. When re- 
leased into the bloodstream, tetanospasmin attaches to 
the peripheral endings, mainly of motor neurons, then 
travels along nerves to enter and concentrate in the cell 
bodies situated in the CNS, but without affecting their 
function. Only when it passes across the synapse into 
the presynaptic terminals of inhibitory spinal interneu- 
rons do the symptoms of tetanus appear. How the toxin 
interferes with release of inhibitory impulses is not 
known, but an increase in muscle tone results, giving 
rise to the spastic contractions characteristic of the 
disease.’ Loss of sympathetic inhibition induces an 
accelerated heart rate, hypertension, or other symptoms 
of cardiovascular instability. The toxin can be neutral- 
ized by antitoxin only before it combines with receptor 
nerve fibers; thereafter, its progressive effects are inex- 
orable. Toxin cannot cross the blood-brain barrier and 
the patient's alertness and mentation remain tragically 
intact. 

The usual incubation period is one to two weeks 
but may be shorter or even months long, depending on 
suitability of local conditions for spore germination and 
the distance the toxin must travel along peripheral 
nerves from the wound to the CNS. The disease is 
ushered in by stiffmess of voluntary muscles, usually 
first in the muscles of the jaw, followed by rigidity and 
tonic spasms of the facial muscles and then of the 
muscles of the trunk. As a consequence, there may be 
difficulty in opening the jaw (trismus), giving rise to the 
lay term “lockjaw.” Facial involvement sometimes 


causes a sardonic smile (risus sardonicus), and contrac- 
tions of the back muscles produce backward arching, or 
opisthotonos. Minimal stimuli, such as a noise or if the 
patient is gently moved, may set these affected muscles 
into violent, painful contractions. Dysphagia and respi- 
ratory difficulty develop with progression of the disease, 
and maintenance of an airway is routinely necessary to 
avoid asphyxiation. !?’ 


The morphologic changes are usually quite minimal. 
Examination of the local injury discloses only a nonspecific 
inflammatory reaction and tissue necrosis, due usually to a 
mixed bacterial flora that may include gram-positive bacilli 
suggestive of Clostridium tetani. The neurologic changes 
are equally nonspecific and inconstant; they consist of swell- 
ing of the motor ganglion ceils of the spinal cord and medulla 
associated with nuclear swelling and chromatolysis. 


Diagnosis depends largely on the clinical findings. 
The administration of wound exudate to guinea pigs is 
helpful, as this induces muscle spasms when the exo- 
toxin is present. Active immunization with tetanus tox- 
oid protects against this disease but the immunity fades 
within five to ten years. Prompt administration of anti- 
toxin may block the development of clinical disease by 
effective neutralization of exotoxin before it becomes 
bound to nerve cells. At experienced intensive care 
centers the mortality rate from clinical tetanus has been 
lowered from about 60% to about 20% today. Once the 
attack passes, it leaves no permanent sequelae. 


Botulism 


The most common form of this severe paralyzing 
illness is food poisoning caused by the ingestion of 
preformed C. botulinum neurotoxin. Rarely, botulism 
may be caused by wound infection or even more rarely 
by overgrowth of C. botulinum in the relatively germ- 
free intestines of infants. The usual source of C. botu- 
linum spores in infants is contaminated honey.'”° Spo- 
radic adult patients in whom no source of food poisoning 
could be found may have contracted the disease in a 
similar manner. Six specific subtypes of C. botulinum 
exotoxin have been identified but all evoke identical 
clinical manifestations, although type A is the most 
lethal. The spores of the organisms are widely distrib- 
uted in soil and on plants and vegetables. They are 
extremely resistant to drying and can withstand boiling 
for many hours. Appropriate anaerobic conditions for 
germination and toxin production are provided in proc- 
essed or canned food kept without refrigeration, partic- 
ularly when home-prepared and inadequately steri- 
lized.’*? A pH of 4.6 or lower is required for spore 
germination. The contaminated food may not appear to 
be spoiled since pure cultures of this organism fail to 
produce gas bubbles or gross alterations in the color or 
taste of the food. The preformed toxin is heat labile and 
is destroyed by boiling for ten minutes. However, the 
toxin is resistant to gastric digestion and is readily 
absorbed into the blood. 

Botulinus toxins (p. 301) are composed of two 
polypeptides, neither of which is separately neurotoxic. 
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The intact toxin attaches to the synaptic vesicles of 
cholinergic nerves, where it blocks the release of ace- 
tylcholine. This blockage is potentiated by nerve activity 
at the neuromuscular junction. The result is a descend- 
ing form of paralysis from the cranial nerves down to 
the extremities.!°% Although the severest poisonings 
begin within a few hours, onset can be treacherously 
delayed for up to eight days and is preceded by vomit- 
ing, diarrhea, and abdominal bloating. Cranial nerve 
palsies, ptosis, diplopia, dysphagia, and voice changes 
develop together with marked dryness of the mouth 
and, frequently, paralytic ileus. Paralysis of the respi- 
ratory muscles may precede that of the extremities. The 
patient remains mentally alert and afebrile and cerebro- 
spinal fluid is normal. Once the toxin has entered the 
synapses, it can no longer be inactivated by antitoxin, 
and only intensive supportive care is possible; this 
salvages close to 85% of victims. Recovery of motor 
function is slow but permanent. Most deaths are caused 
by respiratory infections. Infant botulism occurs below 
9 months of age; it may manifest itself as sudden infant 
death (SIDS) (p. 495) or as constipation, generalized 
weakness, respiratory difficulty, and lack of spontaneous 
movement. Appropriately treated babies have a lower 
mortality rate than adults. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Although depletion of acetylcholine in nerve endings is 
biochemically demonstrable, the anatomic findings are 
poorly defined and nonspecific. They consist of visceral and 
CNS hyperemia, accompanied by minute thromboses of 
small vessels, chiefly in the brain and brain stem. Similar 
thrombi may be found occasionally in other organs. The 
combination of respiratory difficulty and vascular stasis in- 
duces hypoxic injury to ganglion cells in the CNS. Variable 
degrees of hypoxic damage may be found in the kidneys 
and heart muscle. 


The diagnosis is supported by electromyographic 
studies and confirmed by demonstration of the toxin in 
the food, blood, or feces by inoculation into mice or 
rats. Botulism is as rare as it is difficult to eradicate. 
About ten outbreaks per year each involving one to 
seven people occur in the U.S., most originating from 
home-made food products, and a few from improperly 
prepared commercial canned foods. Awareness of the 
danger is the only practical preventive measure avail- 


able. 


Septic Clostridial Infections 


The clostridia considered here differ from the 
above-mentioned organisms by their invasive potential. 
In addition, C. perfringens (welchii), the prototype 
organism of this group, can cause food poisoning with 
sudden vomiting and diarrhea, induced by its entero- 
toxin. This disorder develops within a few hours of 
contaminated food ingestion and is over within less than 
two days; it lacks the neurologic involvement of botulism 
but shares its noninvasive pathogenesis. A severe, nec- 
rotizing (i.e., invasive) form of enteritis can be caused 
by C. perfringens, but has been reported only in the 
malnourished (e.g., in World War II-impoverished chil- 
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dren) and in vegetarian New Guinea natives after they 
have feasted on pigs. This disease probably occurs in 
the U.S. but there are few well-documented reports. 

C. perfringens and its relatives C. septicum, C. 
novyi, C. sordellii, C. bifermentans, and other rare or 
untypable clostridia most frequently cause disease by 
invasion of traumatic or surgical wounds such as the 
amputation stumps of patients with gangrene of the leg. 
Clostridial sepsis is an ever-present threat when abor- 
tions are performed under unhygienic conditions. 
Rarely, peritoneal or generalized sepsis originating in 
ischemic or perforated bowel initiates infections. C. 
perfringens is both the most frequent and the most 
virulent invader in these settings and is the richest in 
its production of enzymes and toxins (p. 301). Regardless 
of site, C. perfringens tissue invasion results either in 
necrotizing cellulitis in which gas is not formed and 
muscle necrosis is not extensive, or in outright gas 
gangrene (clostridial myonecrosis), the most severe form 
of anaerobic infection. '*! 


INFECTIOUS DISEASES 


Clostridial cellulitis, which originates in wounds, differs 
from infections caused by the pyogenic cocci by its foul 
odor, its thin and discolored exudate, and by the relatively 
prompt and wide tissue destruction that results in undermin- 
ing edema and sloughing of the skin. Histologically, the 
amount of tissue necrosis is disproportional to the modest 
number of intact neutrophils which increase only after these 
lesions begin to demarcate and build up granulation tissue 
along their edges. Very similar lesions can be caused by 
other organisms such as Enterobacter (p. 311), the anaer- 
obic streptococci (p. 306), or enteric bacteria, including E. 
coli (p. 311). Direct smears and cultures are helpful in 
making these distinctions and in instituting the correct ther- 


apy. 


Gas gangrene is the most extreme form of necrotiz- 
ing clostridial infection. It usually begins in a previous 
tissue injury and rapidly spreads to contiguous connec- 
tive tissue and muscle. Large traumatic wounds, “py- 
ogenic infections, and foreign bodies containing cal- 
cium or silicates frequently provide the appropriate 
lowering of the wound oxygen tension for germination 
of spores. Gas gangrene is particularly prone to occur 
in compound fractures, where the bone splinters pro- 
vide foreign bodies. In the same way, embedded debris 
or dirt provides both particulate matter and small 
amounts of calcium. Uterine gas gangrene usually fol- 
lows “back-room” abortion. The clostridial collagenases 
aid in the spread of infections by destruction of the 
connective tissue framework (p. 301), and the clostridial 
lecithinases attack cell membranes. The destroyed tissue 
provides additional anaerobiosis for further microbial 
growth, with subsequent augmentation of the infection 
in a vicious cycle. 


Gas gangrene usually becomes manifest within one to 
three days of injury and is characterized by marked edema 
and enzymic necrosis of involved muscle cells (Fig. 8-22). 
The extensive fluid exudation causes swelling of the affected 
region; the overlying skin becomes tense and pale from 
pressure. Necrosis or rupture of the skin may follow the 
formation of large bullous vesicles. The wound at this time 


Figure 8-22. Gas gangrene. Histologic detail of enzymatic lysis of 
muscle cells with accompanying leukocytic exudation. 


contains large amounts of a serosanguineous exudate, but 
there is surprisingly little suppurative reaction. 

Gas bubbles caused by fermentative reactions ap- 
pear early in the gangrenous tissues, accompanied by 
the release of heme pigment into the exudate and affected 
tissues. The endothelial linings of the local blood vessels 
are stained by this hemolytic reaction, and injury to vascular 
walls may cause local thromboses. Numerous vegetative 
bacilli are present within the exudate. As the infection 
progresses, the inflamed muscles become soft, blue-black, 
friable, and sometimes almost semifluid as the result of the 
massive proteolytic action of the released bacterial enzymes. 
Absorption of the elaborated enzymes and invasion of the 
blood by the bacteria terminally induces hemolytic discolor- 
ation of the endothelial lining of the entire cardiovascular 
system and the formation of gas bubbles throughout the 
body, particularly in the liver, which create a “Swiss cheese” 
pattern. The bubbles are sometimes visible by x-ray inside 
major veins or in the liver (p. 942). Systemic changes are 
especially common and quick to develop in postabortion 
clostridial sepsis. 


The initial clinical symptoms are pain and distention 
of tissues. Serosanguineous, slightly foul-smelling fluid 
exudes from the area of tissue injury, and very soon gas 
bubbles cause crepitus in the regions of bacterial 
growth. The absorbed toxins cause a rise in pulse rate 
often markedly out of proportion to the rise in temper- 
ature. Active hemolysis may cause rapid drops in the 
red cell count and hematocrit, accompanied by jaundice. 
At the time of death, no intact red cells may be left in 
circulation. Death is usually preceded by a period of 
prostration and shock. Treatihent with polyvalent anti- 
toxin and hyperbaric oxygen prevent the terminal com- 
plications and have reduced the mortality rate to about 
5 to 15%, but adequate débridement and cleansing of 


extensive tissue injuries is the proverbial “ounce of 
prevention worth a pound of cure.” 


Pseudomembranous Colitis (Clostridium difficile) 


Severe colitis with pseudomembrane formation ac- 
companied by diarrhea and clinical toxemia is caused 
by the enterotoxin of C. difficile, when this organism is 
able to proliferate in the gut. Normally it is a minor 
commensal. Infection usually appears in severely ill 
patients, especially those receiving wide-spectrum an- 
tibiotics. Particularly implicated are clindamycin, lin- 
comycin, and more recently the cephalosporins, but the 
organism can be controlled by vancomycin, another 
potentially life-saving antibiotic. In some instances, 
pseudomembranous colitis has complicated Crohn’s dis- 
ease, ulcerative colitis, or ischemic bowel disease (Chap- 
ter 18) and hence must be suspected when a patient 
with these diseases takes a turn for the worse or fails to 
respond to ostensibly adequate treatment.’” Infre- 
quently, pseudomembranous colitis appears in other- 
wise healthy, sometimes quite young individuals. The 
pathogenesis of the colonic lesions, though clearly linked 
to C. difficile enterotoxin, is not yet fully understood. 


Macroscopically, patchy flecks of grayish-brown-to- 
black pseudomembrane cover part of the diffusely hyperemic 
colonic mucosa, confluent in some areas, small and punctate 
in others. These membranes are soft and rich in mucus and 
necrotic debris. They are more easily wiped off than Shigella 
membranes, but on removal expose mucosal erosions. Mi- 
croscopically, the earliest change is necrosis of mucosal 
cells accompanied by an intense infiltration of neutrophils 
and hypersecretion of mucus. This gives rise to so-called 
“explosive lesions,” consisting of abscesses in one or sev- 
eral adjacent crypts from which a mucus- and leukocyte-rich 
exudate erupts like a minivolcano to cover the surrounding 
mucosal pits. With progression, there is total necrosis and 
denudation of the epithelium and a dense mixed inflamma- 
tory infiltration of the lamina propria, but the inflammation 
remains relatively superficial and spreads laterally rather 
than in depth. The clostridia remain intraluminal. Thrombosis 
of submucosal venules is a characteristic feature. 


C. difficile colitis must be distinguished clinically 
from inyasive Shigella, staphylococcal, or C. perfringens 
enteritis, each of which can be pseudomembranous. 
Early identification of this condition permits gratifyingly 
prompt control by appropriate antibiotic therapy. Sev- 
eral approaches are in use for diagnosis.The fecal ex- 
tracts of suspected patients can be screened for C. 
difficile toxin, using antibodies cross-reactive against a 
similar toxin of C. sordellii; better quantitative data are 
obtained by titering stool filtrates for cytopathic effects 
on HeLa cell monolayers.'* Quantitative stool culture 
of C. difficile is the best diagnostic procedure currently 
available but its results are necessarily delayed. Diag- 
nostic clues may be a finely bosselated mucosal pattern 
on postevacuation x-ray contrast enema, or the typical 
early “explosive” colonic mucosal lesions on endos- 
copy.'*4 However, the clinical diagnosis of pseudomem- 
branous colitis still remains relatively inaccurate, espe- 
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cially in the early stages when treatment would be most 
effective. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


ZOONOTIC BACTERIA 


The zoonotic bacteria are a heterogeneous group 
(Table 8-5) having as a common denominator one or 
more animal reservoirs.'!* These are transmitted to 
humans from their animal hosts by direct contact, 
environmenta] contamination, insect vectors, or con- 
sumption of the animal products. The various resultant 
diseases, while very dissimilar, merit consideration to- 
gether because their animal sources are traceable and 
their transmission can be and has been lowered by 
public health measures.!*° Other bacteria not included 
here as zoonotic may also be harbored by animals (e.g., 
salmonellae, clostridia) but these organisms are widely 
disseminated in water, soil, or food, which constitute 
major sources of infection, and have therefore proved 
more difficult to control. Awareness of the rarer zoono- 
ses can sometimes be life saving. 


Anthrax (Bacillus anthracis) 


Bacillus anthracis is a highly pathogenic, encapsu- 
lated, gram-positive, large, spore-bearing organism 
found in many species of animals, particularly cattle, 
sheep, horses, swine, and goats. The spores are ex- 
tremely resistant to adverse influences, persist in soil 
and in other sites for years, resist boiling for at least ten 
minutes, and withstand many of the common chemical 
disinfectants. When these bacilli grow in vivo they 
elaborate toxic fractions. These have been identified as: 
(1) a protective antigen having antiphagocytic activity, 
(2) an edema factor, and (3) a “lethal factor” having 
cytotoxicity. Human anthrax is uncommon but can be 
of great severity. In approximately 95% of cases it is 
contracted as a skin infection by contact with spore- 
bearing soil, contaminated hides, animal carcasses, or 
animal products (such as bone meal fertilizer).'°’ The 
local lesion is graphically described as a malignant 
pustule. However, the organism or its spores may also 
be airborne, resulting in a diffuse pneumonic consoli- 
dation; this clinical variant is designated woolsorters’ 
disease. In both forms, bacteremia may ensue if the 
body defenses are overwhelmed. 

In the usual cutaneous form of the disease, the 
organism apparently gains entry through a skin injury. 
Textile workers, farmers, stevedores, and those in 
leather industries are at greatest risk. Spores can also 
be transmitted by contaminated instruments, e.g., in 
barber shops. Man-to-man transmission occurs infre- 
quently, if at all. Pulmonary anthrax is particularly apt 
to occur in industries dealing with raw wool products. 


In cutaneous anthrax following an incubation period of 
several days, a small, red, macular lesion appears, resem- 
bling a flea bite. The macule enlarges and becomes edem- 
atous to create a papule, and then a pustule that is filled 
with thin, bloody, purulent exudate, imparting a dark purple— 
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black color to the skin. The surrounding tissues become 
edematous. This combination of a relatively small hem- 
orrhagic pustule with extensive brawny edema is the 
“malignant pustule’”’ described above and should arouse 
suspicion of B. anthracis infection. In the course of the first 
week of the disease, the pustule ruptures and a tough black 
eschar forms, but the circumferential edema continues to 
expand. Satellite vesicles commonly appear about the pri- 
mary lesion and the regional nodes become moderately 
enlarged owing to a nonspecific lymphadenitis. In contrast 
to the relatively painless malignant pustule, the nodes are 
very tender. Reddened lymphatics can often be found along 
the course of drainage. In mild infections, there may be only 
a blackish skin ulcer with little edema, and without micros- 
copy or culture the diagnosis may be missed. 

Histologically, the inflammatory reaction consists prin- 
cipally of intense edema, vascular congestion with hemor- 
rhages, and necrosis of tissues resembling infarction. The 
leukocytic response is relatively deficient in contrast to the 
amount of tissue necrosis, and consists of a mixture of 
neutrophils and mononuclear white cells. In the usual case, 
the inflammatory process slowly subsides following this 
stage, and the disease remains localized to the initial site of 
entry and the regional nodes of drainage. However, if the 
invasion is more extensive, bacteremia may follow and give 
rise to meningitis or to localizations in the lungs, gut, or 
other tissues. 

A diffuse pneumonia (woolsorters’ disease) develops 
from the inhalation of spores, characterized by an extensive 
serofibrinous exudation throughout large areas of the lung 
that may produce total lobar consolidations. The striking 
characteristics of this pneumonia are the relative paucity of 
neutrophils, the tendency to develop hemorrhagic necrosis 
of alveolar septa, and the overwhelming abundance of 
bacteria within the inflammatory exudate. Thrombosis of 
small veins and arteries and profuse endothelial vascular 
damage by proliferating bacteria are found in severe pul- 
monary anthrax.'*® Frequently, septicemia develops and 
causes death within a short time. 


INFECTIOUS DISEASES 


Svstemic manifestations may be relatively mild in 
the cutaneous form, but the bacteremic and pneumonic 
forms are marked by high fever with signs of respiratory 
distress and often severe prostration. There usually is 
only moderate elevation of the white cell count, and 
leukopenia sometimes develops. Electrolyte imbal- 
ances, hemoconcentration, and DIC may lead to death. 
Diagnosis rests on the identification of bacteria in the 
lesions or in the blood. With penicillin therapy, the 
fatality rate in cutaneous anthrax is now quite low (2 to 
3%), but woolsorters’ disease still has a high mortality, 
even if treated. 

The discovery and culture of the anthrax bacillus 
and its spores, independently accomplished by Koch!” 
and Pasteur,'? was a true milestone in biology. These 
studies finally disposed of the theory of spontaneous 
generation and inspired Koch’s postulates on which 
modern bacteriology is founded. 


Listeriosis (Listeria monocytogenes) 


Listeria monocytogenes is a gram-positive, mi- 
croaerophilic, motile rod that grows well on ordinary 
media and, in tissue, often forms aggregates resembling 
Chinese letters. It is found in many mammals and fowl, 


and in silage, sewage, milk products, and human stools. 
An opportunistic agent, its chief victims are pregnant 
women and their fetuses, and elderly, sick, or immu- 
nosuppressed patients.'*’ Some infections have been 
traced to unpasteurized milk or to domestic pets; others 
appear to have been acquired from human carriers or 
those with a latent infection, sometimes in such odd 
locations as the male urethra and semen. Best docu- 
mented is transplacental transmission; significantly, the 
maternal infection may be mild or inapparent, whereas 
that of the fetus is severe, causing abortion, stillbirth, 
or neonatal sepsis (granulomatosis infantiseptia). Men- 
ingeal involvement is predominant in both neonatal 
infections and in opportunistic adult disease.'? Rare 
manifestations of listeriosis include septicemia with hep- 
atosplenomegaly, mimicking infectious mononucleosis; 
subacute endocarditis; and localized infections of the 
skin, conjunctiva, pharynx, and cervical lymph nodes. 
The conjunctival, so-called oculoglandular form of lis- 
teriosis is the human equivalent of the keratoconjunc- 
tivitis seen three to five days after conjunctival inocu- 
lation of the guinea pig—the Anton test—used to 
document infection by virulent strains of L. monocyto- 
genes. 


In acute human infections, L. monocytogenes evokes 
an exudative pattern of inflammation with numerous neutro- 
phils. The meningitis it causes is macro- and microscopi- 
cally indistinguishable from that caused by other pyogens 
(p. 1378); the finding of gram-positive, mostly intracellular 
bacillary rods in the CSF is virtually diagnostic. More varied 
lesions may be encountered in neonates and predisposed 
adults. Focal abscesses alternate with grayish or yellow 
nodules representing necrotic amorphous basophilic tissue 
debris. These can occur in any organ, including the lung, 
liver, spleen, and lymph nodes. In infections of longer 
duration, macrophages appear in large numbers, eventually 
to dispose of the necrotic remnants, but true epithelioid cell, 
granulomas are rare.'* In infants born live with Listeria 
sepsis, there is often a papular red rash over the extremities, 
and listerial abscesses can be seen in the placenta. A smear 
of the meconium will disclose the gram-positive organisms. 


Mortality from listeriosis, despite its sensitivity to 
antibiotics, has remained high and seems to depend in 
part on the promptness with which therapy is instituted. 


Plague (Yersinia pestis)* 


Yersinia pestis (formerly Pasteurella pestis), the 
cause of plague, is a polymorphous gram-negative ba- 
cillus that appears safety pin-shaped or bipolar when 
stained with methylene blue. It perpetuates itself in 
nature by infecting many species of wild animals, in- 
cluding 200 rodent species. In the U.S., plague is 
fortunately rare (less than 20 cases per year) and is 
largely limited to the western states from Colorado to 
California; squirrels are the principal reservoir. Infection 
is usually transmitted to adult males and children of 
both sexes by fleas, less frequently by other insects or 
by direct contact. Variations of this endemic pattern 
prevail in all continents, except in plague-free Australia. 
Manchuria and Vietnam are major endemic sites. 


Periodically, the plague bacilli erupt from their 
wild animal reservoirs to infect large populations of flea- 
bearing urban house rats. First rats, then people begin 
dying and an epidemic spreads in waves of successively 
increasing virulence. Individual cases range from “minor 
plague” to septicemic plague with DIC (the modern 
name of the “black death”), which kills within 24 hours. 
As rats and susceptible people are decimated, the 
epidemic slowly becomes milder and recedes. Today 
focal outbreaks are likely to be controlled more promptly 
and no global pandemics of plague have occurred since 
1894 to 1900. 

The extraordinary lethal power of Y. pestis derives 
from its apparently unrestricted proliferation in human 
tissue; clouds of bacteria obliterate all normal architec- 
ture.! In addition, the fraction I glycoprotein of the 
bacterial capsule has antiphagocytic properties, and a 
potent gram-negative endotoxin is probably responsible 
for the septic shock, delirium, and DIC in severe 
infections. The disease in man presents in four forms: 
(1) bubonic plague, the most frequent form; (2) pneu- 
monic plague, either primary or following the bubonic 
pattern; (3) septicemic plague without localizing symp- 
toms, the severest form; and (4) “plague minor,” an 
abortive infection with only mild constitutional symp- 
toms and lymphadenopathy. The importance of pneu- 
monic plague is that it greatly facilitates person-to- 
person air droplet transmission. A striking leucocytosis 
is present in all forms. Patients with plague must by 
law be quarantined, and those with pneumonia require 
the most stringent isolation precautions. 


The distinctive histologic characteristics of plague 
are: (1) the dramatic proliferation of the organisms; (2) 
the early appearance of a protein- and polysaccharide- 
rich effusion, with few inflammatory cells but with 
marked tissue swelling, followed by (3) necrosis of 
tissues and blood vessels with hemorrhage and throm- 
bosis (Fig. 8-23); and (4) neutrophilic infiltrates that 
progressively accumulate in the demarcation zone 
around the necrotic areas as healing begins.'’* This 
sequence is prototypic of necrotizing inflammation caused 
by the most virulent bacterial pathogens. 

The bubonic pattern begins abruptly with high temper- 
ature, chills, tachycardia, and headache, soon followed by 
mental confusion, delirium, and prostration. The site of entry 
of the organisms is usually on the legs and may be unde- 
tectable, but at times is marked by a vesicle, pustule, or 
small necrotizing ulceration. The regional nodes of drainage 
characteristically become enlarged, sometimes to 5 cm in 
diameter. In the course of a few days, the individual nodes 
become matted together to form the characteristic “bubo,” 
hence the name of this condition. Macroscopically, the nodes 
are soft, pulpy, frequently hemorrhagic, and plum-colored. A 
fibrinous hemorrhagic exudate surrounds them. At later 
stages the nodes and perinodal tissue may undergo total 
infarction. As the process extends into the subcutaneous 
tissues, the lesion may rupture through the skin and produce 
draining sinuses. 

In septicemic cases, the nodes throughout the body 
develop localized areas of necrosis; the spleen and liver 
become enlarged owing to a diffuse reticuloendothelial hy- 
perplasia. In fulminating cases a bacteremia induces DIC 
with widespread hemorrhages, thromboses, and necroses, 
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Figure 8-23. Plague. Low-power view of total hemorrhagic necrosis 
in a lymph node. 


creating large, maplike ecchymotic areas of discoloration 
and necrosis of the skin, serosal linings of cavities, endo- 
cardium, epicardium, and sometimes other internal organs. 

About 5% of bubonic patients develop the pneumonic 
form, which also occurs as a primary pattern after airborne 
infection. The lungs are heavy, red, and edematous and 
show patchy-to-confluent areas of hemorrhagic, gray con- 
solidation. Fibrinous pleuritis is present in most cases. The 
characteristic necrotizing, hemorrhagic inflammation of 
plague is evident. The alveolar spaces are filled with bloody 
serous fluid. The white cell response is chiefly neutrophilic. 
Organisms abound in the lesions, causing an almost unre- 
stricted destruction and necrosis of underlying architecture. 
The sputum is abundant and blood-stained and teems with 
Y. pestis. 


Before the advent of antibiotics, mortality from the 
bubonic form varied between 50 and 90%, and the 
pneumonic or septicemic forms were almost invariably 
fatal. Today, with appropriate antibiotic therapy, mor- 
tality is about 5 to 20%. Although Y. pestis has not 
developed resistance to antibiotics, their efficacy de- 
pends greatly on timing. When given later than 24 
hours after onset of the pneumonic or septicemic forms 
of the disease, little benefit is noted. A vaccine offering 
six months protection is available for workers likely to 
be exposed to Y. pestis. 


Tularemia (Francisella tularensis) 


Tularemia shares several key features with endemic 
plague: a wild animal source, transmissibility by arthro- 
pods, prominent lymph node swellings, and the occur- 


330 INFECTIOUS DISEASES 


rence of pneumonia.' However, its agent, a small 
pleomorphic gram-negative coccobacillus, though 
equally infective, belongs to a different genus, is less 
virulent, has only a relatively feeble endotoxin, and is 
a facultative intracellular parasite. In contrast to plague, 
F. tularensis causes protracted, granulomatous lesions 
as the infection runs its long, debilitating, but rarely 
fatal course. 

The causative agent is carried by a wide spectrum 
of wild and domestic animals and their ticks. Rabbits 
are the source of 90% of infections in the U.S., where 
only about 200 cases are reported yearly. Tularemia is, 
however, endemic throughout the world, causing close 
to half a million infections per year. The U.S.S.R. has 
one of the highest rates. Hunters, farmers, butchers, 
cooks, and housewives handling infected animals are at 
risk, but the agent can be transmitted by carcass- 
contaminated water or by insect bite, and F. tularensis 
is a well-known cause of laboratory infections. Although 
it is said that the organism can enter the unbroken skin, 
its likeliest portals are skin abrasions and the conjunc- 
tival, digestive, and respiratory mucosae.'*® Yet, despite 
its high transmissibility from outside sources, man-to- 
man transmission is unrecorded, even from pneumonic 
patients shedding numerous bacteria. 

Four clinical presentations are traditionally dis- 
tinguished: the “ulceroglandular,” “oculoglandular,” 
“glandular,” and “typhoidal,” but these categories over- 
lap, and pneumonia may arise in any to become the 
dominant clinical problem.’ The incubation period 
ranges from one to 21] days with a mean of three to four 
days. Duration of the disease ranges from three weeks 
to three months, but is abbreviated by prompt treat- 
ment. In the most common pattern, ulceroglandular 
tularemia, a local skin lesion first develops, usually on 
the hands, arms, or face (bubonic plague favors the 
legs). It changes from a rapidly growing papule to a 
pustule that ulcerates. Next, the draining lymph nodes 
enlarge and sometimes become fluctuant or ulcerate 
through the skin via sinus tracts. Within a week of 
onset, a bacteremic phase is ushered in by fever, chills, 
headache, digestive symptoms, and muscle and joint 
pains. Generalized lymphadenopathy and splenomegaly 
soon develop. However, in contrast to plague, there is 
seldom a brisk leukocytosis. In some patients, an ery- 
thematous maculopapular rash appears, thought to rep- 
resent a hypersensitivity reaction. Bacteremia is usually 
curtailed within two to three weeks but the infection 
may continue festering in local sites for months. Focal 
or confluent pulmonary opacities with hilar lymphade- 
nopathy may appear on x-ray examination. Some pa- 
tients develop involvements of the meninges, pericar- 
dium, heart valves, or bones. Patients with severe 
pneumonia and those with endotoxemic shock represent 
the gravest forms of disease. The convalescence is 
protracted. 

In oculoglandular tularemia, the first papular le- 
sions appear in the conjunctiva, then become pustular 
and ulcerate, accompanied by a lymphadenopathy in- 
volving mostly the preauricular, submaxillary, and su- 


perior cervical nodes. Severe ulcerations involving the 
bulbar conjunctiva may penetrate the sclera to enter 
the eye chambers and even propagate into the optic 
nerve, destroying vision. Rarely, there is no_ initial 
ulceration or it may occur in the oropharynx. 

In glandular tularemia, localized or systemic 
lymphadenopathy appears as the first manifestation. If 
fever, hepatosplenomegaly, and toxemia are the pre- 
senting features, resembling Salmonella sepsis, the ty- 
phoidal form is diagnosed. In the absence of a history 
of infective contact, both these last two patterns are 
likely to be mistaken for other more frequent systemic 
illnesses, yet the pathologic processes are the same as 
those in ulceroglandular disease. 


The initial skin lesions resemble pyogenic ulcerations 
and are neutrophil rich. Later, disseminated lesions undergo 
complete central necrosis, rimmed by epithelioid macro- 
phages interspersed with giant cells to thus greatly resemble 
tubercles. As local lymph nodes begin to swell, they are at 
first firm and discrete owing to nonspecific lymphadenitis, 
but with the formation of abscesses they become soft, 
fluctuant, matted, and sometimes bubo-like. Grossly, they 
contain foci of purulent necrosis corresponding to the sup- 
purative necrotic and granulomatous changes seen histolog- 
ically. Similar, smaller lesions may also appear in more 
distant lymph nodes and organs including the liver, lung, 
serosa, heart, or bones. By contrast, the enlarged spleen 
shows only nonspecific inflammatory infiltration and lympho- 
reticular hyperplasia. The focal necrotic lesions in the lung 
are often surrounded by alveolar consolidation and accom- 
panied by serous or purulent pleuritis and hilar lymphade- 
nopathy, mimicking primary tuberculosis. Healing of large 
tularemic lung foci or draining buboes often leaves deforming 
scars because of their destructive character, but the smaller 
lesions heal without residuals. 


The diagnosis can be established by several meth- 
ods. Pleomorphic coccobacilli are readily visualized with 
methylene blue on smears of bubo aspirates. Isolation 
of the organism on special media should be attempted 
only by vaccine-protected personnel. Agglutinins take 
about two weeks to reach diagnostic levels. A skin test 
(Foshay’s) is available but seldom used. Early antibiotic 
treatment is beneficial but less so during the chronic 
granulomatous phase, and it must be sustained in order 
to prevent relapse. Death from tularemia still occurs, 
especially in developing countries, but less frequently 
than the 1 to 6% of cases formerly reported. It should 
be noted here that an acute febrile disease resembling 
tularemia can be caused by Pasteurella multocida, usu- 
ally following a dog or cat bite. 


Brucellosis 


Brucellosis is a systemic febrile disease with exas- 
peratingly varied clinical presentations that can be 
acute, intermittent, or chronic. The infection is seldom 
acutely life threatening and sometimes vague enough to 
suggest neurosis or malingering. 

Brucellae are gram-negative, facultative, intracel- 
lular coccobacilli that produce an endotoxin. They orig- 


inate from livestock (cows for B. abortus, goats for B. 
melitensis, and swine for B. suis); rarely, dogs also 
transmit the infection (B. canis). All brucellae possess 
cell wall components enabling them to multiply in 
human macrophages until these cells become immuno- 
logically activated.'** Skin tests have proven unreliable 
although they induce strong delayed hypersensitivity, 
and high serum agglutinin titers are therefore the main- 
stay of diagnosis. Culture requires special media and 
precise oxygen pressure; the organisms are hard to stain 
or find in tissue samples and can only intermittently be 
recovered from the blood. 

Thanks to pasteurization of milk, pruning of dis- 
eased herds, and vaccination of animals, the annual 
incidence of brucellosis in the U.S. (caused mainly by 
B. suis and B. abortus) is down to less than 200 cases. !*° 
Most of these infections are derived from animal contact 
rather than from ingestion of milk or meat, but im- 
ported, unpasteurized goat cheese has also been a source 
of B. melitensis. Meat-packers and veterinarians are at 
greatest risk and occasional infections have arisen in 
laboratory workers. Brucellosis is, however, prevalent 
throughout the developing world, where B. melitensis 
predominates. The incubation period varies widely from 
one week to several months. First described as “undu- 
lant fever” with periodic exacerbations and partial re- 
missions, this course applies to only a fraction of all 
cases. Brucella infection can be entirely subclinical; it 
can also be acute, relapsing, or chronic with only 
systemic manifestations and few localizing clinical signs; 
or it can be dominated by localized lesions of the bones, 
joints, lung, kidney, and other sites, even the heart 
valves. Skin lesions are rare, and leukopenia with lym- 
phocytosis is more frequent than an elevated white cell 
count. 

Acute brucellosis of less than one month's duration 
is the usual form among the occupationally infected.'™ 
It may resemble a systemic viral disease with chills, 
fever, headache, bone and joint pains, mild lymph node 
enlargement, and sometimes hepatosplenomegaly. Pro- 
nounced lassitude and mental depression are frequent 
complaints. It resolves spontaneously without treat- 
ment. Relapses are common and localized complications 
may ensue, prolonging the illness. Chronic brucellosis 
may be marked by transient fever (seldom rising above 
40°C), episodes of sweating, obscure abdominal and 
musculoskeletal pains, neuralgias, weakness, weight 
loss, and sometimes anemia. Personality changes some- 
times appear, bordering on psychosis, often misinter- 
preted because of the lack of physical findings. Splenic 
enlargement is seen in 10 to 20% of patients, and liver 
enlargement in 5%. The differential diagnosis includes 
occult neoplasm or lymphoma. Among the localized 
lesions most frequently due to B. suis, lumbar spondy- 
litis or paravertebral abscess, monoarticular arthritis or 
multiple joint swellings are the most common, but 
destructive osteomyelitis is rare. Uncommonly, epidi- 
dymo-orchitis appears, or kidney infections with chronic 
pyuria that resembles renal tuberculosis clinically. Like- 


wise, chronic granulomatous Brucella pneumonia can: 


mimic mycobacterial infection (p. 340). 
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Following a brief bacteremic phase, Brucella diffusely 
colonizes the lymphoreticular system, with consequent pro- 
liferation of macrophages and lymphocytes. Soon, granu- 
lomas form; some of them are centrally necrotic, containing 
numerous neutrophils, especially in B. suis infection; others 
may lack necrosis and resemble sarcoid lesions'®' (p. 391). 
Granulomas and diffuse mononuclear infiltrates result in 
hepatosplenomegaly. Large, destructive localized lesions, at 
the sites mentioned earlier, resemble abscesses or focal 
infarcts. Sometimes they give a spotted appearance to the 
spleen. In some cases the lesions are all microscopic, but 
generally they are grossly visible as yellow foci, which riddle 
organs throughout the body. They may eventually calcify 
and become detectable by x-rays. Extensive Brucella pneu- 
monia, like that of tularemia, is focally destructive, granu- 
lomatous, and accompanied by hilar lymph node enlarge- 
ment. It can be difficult to differentiate from tuberculosis. 
Most patients, however, have few or no focal pulmonary 
lesions. 
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When liver biopsy is resorted to for diagnosis, small 
granulomas may be found and must be differentiated 
from those of sarcoidosis, miliary tuberculosis, or other 
chronic infections. Brucellae can seldom be visualized 
in such lesions, and culture of the biopsy material is 
therefore necessary. No human vaccine is available in 
the U.S., but the infection responds to sustained treat- 
ment with antibacterial agents. U.S. mortality is now 
lower than the 2% formerly reported. 


Glanders and Melioidosis* 


Glanders, caused by Pseudomonas mallei, a small, 
gram-negative, nonmotile, nonsporing bacillus, occurs 
either as a severe acute disease or takes the form of a 
protracted infection resembling tuberculosis. The 
organism is harbored by horses, mules, and donkeys 
and spreads on contact with broken skin or rarely is 
airborne. Uncommon but still endemic in South Amer- 
ica, Asia, and Africa, the disease is very rare in the U.S. 
and the few cases seen are imported. 

Acute glanders consists essentially of a rapidly 
developing, overwhelming pyemia. The incubation pe- 
riod of only one to five days is followed by the rather 
sudden onset of severe, prostrating infection with con- 
stitutional signs, i.e., fever, malaise, chills, nausea, 
vomiting, and generalized aches and pains. 


A local papular abscess develops at the sites of inocu- 
lation, and the organism spreads from this site along the 
lymphatics to the regional nodes. Multiple satellite abscesses 
may occur along the pathways of drainage. The organism 
rapidly invades the blood to cause generalized pyemic 
abscesses in many organs and tissues, particularly in the 
lungs, liver, spleen, and muscles. Meningitis, osteomyelitis, 
and polyarthritis may all develop in the course of a few days. 
Diagnosis is frequently made by the demonstration of com- 
plement-fixing antibodies. Culture is hazardous and best left 
to reference laboratories. 


Chronic glanders takes the form of a low-grade, 
febrile, infectious disease characterized by draining ab- 
scesses of the skin, lymphadenopathy, splenomegaly, 
and hepatomegaly. In time, the suppurative reaction 
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becomes granulomatous, often simulating tuberculosis. 
The lesions are not pathognomonic, and diagnosis rests 
on the serologic or cultural identification of the orga- 
nism. Over half of these patients eventually die of their 
infection. 

Melioidosis bears a marked similarity to glanders; 
its agent, P. pseudomallei, causes disease in rodents, 
dogs, felines, and equines, among others, and widely 
contaminates soil and water in the Southeast Asian 
countries of Kampuchea, Laos, Thailand, Malaysia, and 
Burma. Infection is acquired principally from soil or 
water. In the endemic foci, mild-to-inapparent as well 
as severe human melioidosis occurs. Moreover, although 
the incubation period can be as short as two days, 
latencies of several years’ duration have been ob- 
served.’ Among the U.S. military, melioidosis has 
been named the “Vietnamese time bomb.” As in glan- 
ders, the acute lesions tend to be necrotic abscesses, 
and the chronic ones, granulomas. 

Clinically, any organ or tissue can be involved, but 
in acute infections the lung is usually most prominently 
affected and shows a necrotizing, sometimes cavitating 
bronchopneumonia that tends to become confluent. 
Such infections, even with broad-spectrum antibiotic 
treatment, still carry a mortality rate approaching 50%; 
in the more chronic forms, combinations of antibiotics 
and surgical drainage have been reasonably effective. 


INFECTIOUS DISEASES 


Leptospirosis and Weil’s Disease 


Leptospirae are tightly wound spirochetes about 
the size of treponemes (p. 335), often shaped like a 
shepherd’s crook. They are widespread saprophytes and 
animal pathogens, only accidentally infecting man. All 
pathogenic leptospirae belong to the species-complex 
L. interrogans composed of many serogroups, including 
icterohaemorrhagiae, canicola, autumnalis, grippoty- 
phosa, and hebdomadis, in descending order of fre- 
quency of disease in the U.S. All these agents can cause 
either mild or severe disease. Anicteric or mild lepto- 
spirosis (which makes up 90% of all cases) is an acute, 
self-limited, febrile illness with protean symptoms. Se- 
vere infection with jaundice, bleeding, and renal failure 
is called Weil's disease or icterohemorrhagic fever, the 
form of leptospirosis originally described, and the one 
responsible for most deaths. 

Leptospirae indiscriminately infect wild and do- 
mestic animals, including the ubiquitous rodents; dogs 
and other reservoir hosts develop interstitial nephritis 
and chronically shed leptospirae in their urine. The 
organisms survive well in warm alkaline waters or moist 
soils. Human carriers do not seem to exist. Leptospirosis 
is both urban and rural; rodent-infested slums in devel- 
oping countries abound with the disease. Contact with 
animals or soil and water or aerosol exposure may 
transmit the infection to man. In the U.S. less than 120 
cases are reported yearly, mostly from southern loca- 
tions; less than one-third of these occur among high- 
risk occupations, e.g., farming, abattoir work, trapping, 
and veterinary medicine. 


Anicteric (mild) leptospirosis is typically a biphasic 
febrile disease.’ During the initial septicemic phase, 
leptospirae can be cultured from the blood and CSF; 
during the second, immune phase, they are found only 
in the urine. The incubation period ranges from five to 
14 davs and the disease from one to three weeks, but 
relapses are common. The temperature often rises ab- 
ruptly with chills, headache, and severe muscle pain, 
or with nausea and vomiting. Within three to seven 
days the fever defervesces, only to recur one to three 
days later, this time at a lower level, but often accom- 
panied by signs of meningeal irritation; it is at this stage 
that the true diagnosis may first be suspected. Cases 
with less typical courses are easily mistaken for viral 
meningitis. In the more severe Weil's disease, the 
biphasic course is obscured by the early advent of 
jaundice, renal failure, purpura, or hypotension, some- 
times within two to three days of onset, peaking during 
the second week. Conjunctival irritation and hyperemia 
appears early in both mild and severe leptospirosis. In 
the army outbreak of “Fort Bragg fever,” there was also 
a sentinel pretibial skin rash. 


During the early septicemic phase of benign infection 
leptospirae quickly disseminate and can be visualized by 
silver stain or immunofluorescence scattered through the 
liver, spleen, kidney, CNS, muscles, and other sites without 
apparent cellular reaction. Only later do mononuclear cell 
infiltrates become prominent, mostly in sites of focal cell 
necrosis such as striated muscle or kidney. Similarly, in 
early disease, inflammatory cells are lacking in the CSF 
although leptospirae are present (sometimes in profusion); 
lymphocytes appear only during the immune phase, thus 
mimicking the picture of viral “aseptic meningitis.” 

Detailed morphologic information is available only on 
Weil’s disease. Basically, it is characterized by hemolysis, 
jaundice, focal hemorrhages, hepatic cholestasis with mild 
focal hepatocyte degeneration, interstitial nephritis with tu- 
bular necrosis, focal necroses of voluntary muscle fibers, 
and generalized reticuloendothelial activation. Petechial and 
ecchymotic hemorrhages are impressive and widespread, 
involving any organ, notably the liver and including the 
conjunctivae. The liver is slightly enlarged and discolored by 
bile and capsular hemorrhages. The kidneys are swollen 
and bile-stained and, with continuing renal failure, uremic 
pericarditis and related findings may appear (p. 996). His- 
tologically, the lobular and trabecular liver architecture is 
preserved, but cholestasis and scattered dead hepatocytes 
and regenerative mitotic figures are found. A few acidophilic, 
Councilman-like bodies may be present or there may be 
focal ballooning of hepatocytes in the midzonal or centrolob- 
ular region.'®® Kupffer cells are increased in number and 
show erythrophagocytosis. Autolytic changes of the liver 
occur quickly in Weil's disease and may thus blur the relevant 
histologic findings. The renal glomeruli are normal but there 
is focal interstitial infiltration of lymphoplasmocytic cells of 
variable intensity. Acute tubular necrosis (p. 1027) is regu- 
larly present. The muscles of the extremities may show 
hemorrhages and necrosis of individual muscle fibers or, 
more frequently, loss of striations and hyaline change with 
bunching of the nuclei, thus accounting for the marked 
muscle pain and tenderness experienced by many patients. 
With prolonged survival, there is sarcolemmal and fibro- 
blastic proliferation. The spleen and lymph nodes are only 


moderately enlarged by nonspecific reticuloendothelial hy- 
perplasia. Interstitial myocarditis, anterior uveitis, and nerve 
palsies are Known to occur, but are uncommon. 


Tropical and military physicians are familiar with 
leptospirosis, but sporadic mild cases in the U.S. often 
remain undiagnosed and unreported. A clue to the 
diagnosis of Weil’s disease is the relatively severe jaun- 
dice in a febrile, hemorrhagic illness in the face of only 
mild abnormalities in liver functions, a constellation of 
findings that should exclude the more common viral 
hepatitis (p. 900).'°° The jaundice is attributable largely 
to the combination of hemolysis and cholestasis. As with 
the other sporadic zoonoses, clinical awareness is para- 
mount. Early in the infection, the diagnosis can be 
confirmed by blood or CSF culture; later, by urine 
culture. More frequently it is confirmed by species- 
specific microagglutination tests. Complete recovery is 
the rule in mild leptospirosis. In Weil's disease the 
mortality rate has ranged from 15 to 40%, largely owing 
to renal failure, but dialysis, improved supportive care, 
and possibly early antibiotics should now substantially 
reduce this rate. 


Relapsing Fever (Borrelia recurrentis)* 


There are two pathogenetic forms of relapsing 
fever. (1) Tick-borne disease is caused by several re- 
gional species of Borrelia and is transmitted to man from 
small animal reservoirs by soft ticks of the Ornithodoros 
genus. It occurs throughout the world wherever these 
ticks reside, including the wilderness areas of the sun- 
belt states in the U.S.; it is relatively benign, with a 2 
to 4% mortality. (2) Louse-borne relapsing fever is due 
solely to B. recurrentis; it is transmitted from man to 
man by body lice and has no known animal source. It 
is most prevalent in the countries of the eastern horn 
of Africa and in the Andean highlands, and occurs in 
many other countries, particularly among the poor, but 
not in the U.S. In times of war and upheaval, louse- 
borne relapsing fever has become epidemic, most re- 
cently in the U.S.S.R. and North Africa. The louse- 
borne form is severe (4 to 40% lethal). 

Tick-borne borreliae are carried by chipmunks, 
rats, lizards, and owls. Infected ticks expand the reser- 
voir by transovarian propagation. They can survive 12 
years between meals. Lice, during their briefer and 
meaner existence, carry borreliae only transiently but 
transmit them to man by biting or by being crushed or 
defecating at a skin defect. Prevention of the disease by 
control of wilderness ticks is almost impossible, but 
ridding people of lice seems attainable. 

Borreliae are spirochetes (20 w long) that can be 
visualized with the Wright-Giemsa method used on 
blood smears. They possess a surface coat whose anti- 
gens undergo a genetically programmed series of 
changes during infection, thought to result from muta- 
tions.’°’ Borreliae also produce endotoxins,'* which 
contribute to their pathogenicity. They are sensitive to 
immobilizing and directly bactericidal host antibodies. 
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The recurrent attacks of fever so characteristic of this 
condition can be explained as follows: After introduction 
into a vulnerable host the spirochetes reach the blood- 
stream, where they proliferate and produce a spiroche- 
temia. In several days the organisms are cleared from 
the blood as antibodies appear and the fever falls. 
However, among the spirochetes sequestered in the 
body a new antigenic variant emerges and invades the 
blood, with recurrence of the fever. In louse-borne 
disease only a few relapses are usual, but the tick-borne 
infection typically is associated with three or more, 
perhaps extending over a span of months. Although the 
pattern of the clinical relapses is basically similar, they 
tend to become gradually milder and eventually disap- 
pear. There is no satisfactory understanding of the 
ultimate spontaneous resolution of the infection, but 
possibly cross reactivity of the accumulating antibody 
specificities could account for it. 

The acute febrile attack of relapsing fever appears 
after an incubation period of four to 18 days (mean, one 
week). It begins abruptly with fever, chills, headaches, 
myalgias, nausea and vomiting, photophobia, and ab- 
dominal tenderness. The fever rises each afternoon to 
around 40°C for two to seven days, accompanied by 
flushing of the face, dizziness, confusion, or delirium. 
Neurologic symptoms, such as neck stiffness, seizures, 
cranial nerve palsies, or coma occur in almost one-third 
of louse-borne cases, more rarely in the tick-borne; 
conversely, an erythematous rash reminiscent of typhus 
fever (a possible source of confusion) is more likely in 
the tick-borne version. Typically, the fever drops 
sharply by crisis after three to six days to end the first 
bout, and the patient recovers only to relapse after a 
seven- to nine-day interval. Hepatosplenomegaly may 
appear in both forms of the disease. Any one of the 
febrile attacks may be complicated by hypotension or 
shock, hepatic failure with jaundice, or cardiac symp- 
toms. Such ominous features are seen mainly in the 
severest infections, usually in the fatal cases of louse- 
borne fever. 

During each attack, large numbers of spirochetes 
flood the bloodstream and can be found in lesser num- 
bers in the CSF, urine, or sputum. Direct microscopy 
of these sources is the preferred and promptest diag- 
nostic method. Rickettsial infections (suggested by the 
clinical picture and by the frequent false-positive reac- 
tions to anti-OX antibodies in relapsing fever) must be 
ruled out. Culture of borreliae is feasible, but not 
generally available. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


In fatal louse-borne disease, the spleen is moderately 
enlarged (300 to 400 gm) and histologically reveals focal 
necrosis and miliary collections of mixed leukocytes, includ- 
ing neutrophils. Numerous borreliae are seen about these 
foci. There is also congestion and hypercellularity of the red 
pulp with erythrophagocytosis. The liver shows congestion 
and Kupffer cell prominence as well as scattered septic foci 
similar to those in the spleen, and these may also be present 
in other organs including the heart, kidney, and meninges. 
Scattered hemorrhages. resulting from DIC are frequently 
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found in serosal and mucosal surfaces, skin, and viscera. 
Pulmonary bacterial superinfection is a frequent complica- 
tion. Biopsy of the skin rash discloses vasodilation with a 
dense perivascular inflammatory infiltrate of mononuclear 
leukocytes, but the intense endothelial reaction and necro- 
tizing vasculitis of rickettsial lesions are missing. Exception- 
ally, both Borrelia and R. rickettsii can be transmitted 
Simultaneously by the same vector. 


Several broad-spectrum antibiotics effectively sup- 
press Borrelia infection and lower mortality. However, 
they can also induce so-called Jarisch-Herxheimer re- 
actions—abrupt temperature rise, rigors, leukopenia, 
and fall in blood pressure that accompanies clearing of 
borreliae from the bloodstream. Accelerated destruction 
of spirochetes with release of endotoxin is postulated. 
This crisis is usually over within two hours and is 
followed by remission; however, it can occasionally lead 
to cardiac arrhythmias and asvystole.'* 


Rat-Bite Fever 


Two infections of similar presentation are associated 
with rat bites: that caused by Spirillum minus (sodoku) 
and that by Streptobacillus moniliformis (also named 
Haverhill fever). Both are obviously related to urban 
slum conditions and to lapses of pest control, and both 
present with swelling of the puncture site and local 
lymphadenopathy, followed by an acute febrile illness 
with a rash over the extremities resembling a viral 
infection. The incubation period of the spirillar form of 
rat-bite fever is longer (one to four weeks) than the 
streptobacillary form (one to two days). The former has 
a tendency to remit and exacerbate over a period of up 
to eight weeks. It is best diagnosed by amin lance inten 
of blood or by examination of blood under dark field or 
in Giemsa-stained smears. Streptobacillary infections 
average a briefer duration of one to two weeks, but 
often are accompanied by arthralgia or by symmetric 
swelling, heat, and redness of the large joints of the 
extremities, which may prolong the course of this infec- 
tion. Diagnosis of streptobacillary infection is achieved 
by blood culture or agglutinin titers. No pathologic 
findings have been reported for either entity, except for 
one lethal case of Streptobacillus endocarditis. 


Lyme Disease* 


Lyme disease, first described in 1972, is an inflam- 
matory disorder transmitted by the newly recognized 
species of hard ticks, Ixodes dammini. It begins with a 
characteristic skin rash, erythema chronicum migrans, 
which is followed by either a migratory polyarthritis or 
by a more persistent arthritis of large joints. Variable 
neurologic or cardiac abnormalities may appear weeks 
or months after the initial skin lesions have subsided. 
In Europe only the skin erythema is found, but in the 
U.S. the biphasic Lyme disease is more usual and has 
now been reported from many locales, particularly from 
the summer resorts of the North Atlantic coast where 
I. dammini abounds. In the West, I. pacificus has been 
the vector. 


Three to 20 days after a tick bite, one or several 
slowly enlarging erythematous skin lesions appear, 
which continue expanding as their central portion 
blanches. The margins are red, hot, and prominent but 
fade after two to three weeks (occasionally longer, after 
briefly relapsing). Sometimes between two weeks and 
six months later, half of the patients with skin lesions 
develop arthritis, usually in one or both knees or in 
other large joints in a recurrent or migratory fashion. 
The joints become painful, swollen, and hot and a few 
patients go on to develop chronic arthritis. Biopsies of 
these joints have shown intense neutrophilic infiltrates 
and synoviocytic proliferation. Uncommonly, menin- 
goencephalitis or facial palsy appears, or a stiff neck, 
with white cells in the CSF. Some patients show man- 
ifestations of myocardial involvement, e.g., atrioventric- 
ular block, pericarditis, and (rarely) left ventricular 
dysfiihction. No valvular lesions have been reported. 
Typically, the erythrocyte sedimentation rate is ele- 
vated, and there is cryoglobulinemia with elevated IgM 
and circulating immune complexes. The clinical disease 
may resemble rheumatoid arthritis, but lacks the char- 
acteristic rheumatoid factor or antinuclear antibody. '™ 

Recently, a treponema-like spirochete was isolated 
from I. dammini that induces erythematous skin lesions 
in New Zealand rabbits after they have been bitten by 
infected ticks. Moreover, the serum of patients with 
Lyme disease was shown to have high antibody titers to 
this agent, and in a few cases the treponeme itself has 
now been cultured. The evidence for the spirochetal 
cause of this heretofore mysterious condition seems 
strong and is a testament to intensive investigations 
over a decade. '®! 


TREPONEMES 


Three pathogenic treponemes infect man—T. pal- 
lidum, T. pertenue, and T. carateum (Table 8-5). T. 
pallidum is the cause of syphilis and is by far the most 
important and best studied of the treponemes. T. per- 
tenue, the cause of yaws, after nearing extinction as the 
result of an international eradication campaign, has since 
rebounded in several tropical countries. T. carateum 
continues flourishing in the remote corners of Latin 
America where pinta has always been a part of life. The 
treponemes are superbly adapted human _ parasites 
matching high infectivity, including transmission to the 
unborn fetus, with low virulence, long periods of la- 
tency, and lifelong persistence in the untreated host. 
Despite their antigenicity they produce no known toxins 
or tissue-destructive enzymes. Many of their lesions are 
linked to the hosts’ immune responses, such as mono- 
nuclear cell infiltrates, proliferative vascular changes, 
and (sometimes) granuloma formation. Notwithstanding 
their slow progression the lesions may eventually be- 
come destructive, maiming, or lethal. 

Human treponeines also pose peculiar diagnostic 
problems: they cannot be cultured in ordinary media, 
or passed on to animal hosts other than primates; and 
they are often difficult to stain and detect in diseased 


tissues, requiring special procedures—-silver stains, im- 
munofluorescence, or dark-field examination. Chief re- 
liance for diagnosis is placed on serological tests that 
must be interpreted with caution. 


Syphilis (Treponema pallidum) 


Syphilis, also called lues, is a venereal disease of 
insidious and furtive habit. Neither the primary chancre 
nor the secondary stage, which takes the form of a rash, 
is accompanied by disturbing symptoms. The disease 
then enters a period of latency for years or decades, 
sometimes to be followed by the tertiary stage with its 
seriously disabling or fatal lesions. The late manifesta- 
tions are localized principally to the cardiovascular and 
central nervous systems; other organs or structures are 
affected less frequently. 

Immediately after World War II, there was an 
alarming increase in the incidence of new cases of 
syphilis in the U.S., reaching a rate of 70 per 100,000 
population. A dramatic postwar decline to a rate of 3.8 
followed in the mid-1950s, attributable largely to mass 
blood testing and the effectiveness of penicillin in the 
treatment of this disease. But the rate has resurged 
since and infection has increasingly shifted to younger 
individuals. The incidence is also increasing in male 
homosexuals. Socioeconomic factors and changing sexual 
mores have been significant influences in this trend. 
However, there has been a decline in the incidence of 
late sequelae and of congenital syphilis. 

The causative agent is a 10- to 13-ym slender, 
corkscrew-shaped spirochete, invisible by usual stains 
and detectable only by silver impregnation, dark-field 
examination, or immunofluorescent techniques. Trepo- 
nemas are readily killed by soap and antiseptics, cold, 
or drying. Sexual intercourse is the usual mode of 
transmission although bacteria-laden secretions can also 
transfer the disease by other intimate contact. Trans- 
placental transmission occurs readily and active disease 
during pregnancy results in congenital syphilis in the 
fetus. 

T. pallidum produces no demonstrable endo- or 
exotoxins. It has a double cell wall, and the outer one 
contains ligands for a wide variety of host cell mem- 
branes to which it is found to adhere, and from which 
it is capable of acquiring host proteins during infec- 
tion.'© Syphilis is one of the infections in which down- 
ward modulation of host lymphocyte responsiveness by 
a serum factor occurs,’ and this early weakening of 
host immune reactivity may contribute to the latency 
and chronicity of ongoing infection. Yet even while 
treponemal infection actively proceeds, patients with 
syphilis develop immunity to challenge. About two 
weeks after the initial chancre, they become resistant 
to reinfection and, despite reexposure, do not develop 
a second chancre. Treatment very early in the disease 
may block this development, called “chancre immu- 
nity.” 

Spirochetal antigens evoke host antibodies of two 
types: (1) nonspecific antibodies, which react with a 
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lipoidal antigen derived from beef heart (cardiolipin); 
and (2) specific antibodies to spirochetal antigens. The 
nontreponemal antibodies (formerly called “reagins’) 
can be detected by readily performed, inexpensive 
complement-fixation or flocculation serologic tests for 
syphilis (STS), such as Wassermann, Kahn, Kline, Hin- 
ton, and VDRL. A rapid plasma reagin card test (RPR), 
which is simple to perform, is also available. However, 
since these serologic tests for syphilis do not detect 
specific treponemal antigens, they can also be positive 
in a great variety of nonluetic illnesses, yielding what 
are known as biologic false-positives (BFP). BFP may 
be encountered in smallpox vaccination, infectious mon- 
onucleosis, leprosy, autoimmune diseases, viral hepati- 
tis, and heroin addiction as well as in many acute febrile 
illnesses. 

More specific than the STS are tests based on the 
detection of treponemal antigens. The Treponema pal- 
lidum immobilization test (TPI) determines the ability 
of the patient's serum to abolish the mobility of a strain 
of live T. pallidum. A fluorescent treponemal antibody 
(FTA) test has been further refined by absorption of 
nonspecific spirochetal group antibodies from the pa- 
tient’s serum in the so-called fluorescent treponemal 
antibody absorption test (FTA-ABS), and is now the 
standard method used. The specific tests may be less 
practical for population screening but have far greater 
sensitivity and specificity than the STS. Thus, it is 
advisable to follow up positive STS results with one of 
the more specific methods. 

The natural course of acquired syphilis evolves in 
three stages. The primary stage follows an incubation 
period of 10 to 90 days (average, three weeks) and is 
marked by the development of the chancre at the site 
of treponemal invasion. Regional nontender adenopathy 
soon follows. Even before the chancre appears, a spi- 
rochetemia seeds tissues throughout the body, thus 
providing the basis for the later disseminated lesions of 
secondary and tertiary syphilis. The chancre usually 
heals in three to 12 weeks with or without therapy, and 
the patient then appears entirely well. 

The secondary stage follows in approximately two 
weeks to six months (average, six to eight weeks). It is 
characterized by a generalized or, less often, a localized 
skin eruption. These manifestations too disappear spon- 
taneously in about four to 12 weeks. The two early 
stages may be extremely subtle or occult. A chancre on 
the cervix or in the oropharynx would not be noted. 
The rash might be trivial and fleeting. Many patients 
with unmistakable evidence of late syphilis recall no 
earlier manifestations. 

Following the secondary stage the patient again 
enters a period of apparent well-being referred to as 
latent syphilis, lasting years or decades. Only then may 
the lesions of tertiary syphilis appear. These generally 
take one of three forms: (1) localized destructive lesions 
(gummas) of virtually any tissue, e.g., liver, bones, 
testis, or skin; (2) cardiovascular lesions; or (3) CNS 
involvement. However, many patients never develop 
tertiary lesions. Studies of untreated syphilitics indicate 
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that about one-third achieve spontaneous cure with 
reversion of all serologic abnormalities. Another one- 
third continue to have positive serologic tests but die of 
unrelated causes. Only the remaining one-third develop 
the grave lesions of tertiary disease.’ '®© 

Whatever the stage of the disease and location of 
the lesions, histologic hallmarks of the inflammatory 
reaction are obliterative endarteritis and plasma cell 
infiltrates. Small arteries and arterioles in the inflam- 
matory reaction exhibit swelling and proliferation of 
endothelial cells to produce concentric “onionskin” lay- 
ers that markedly narrow the lumen. About these vessels 
there is prominent perivascular cuffing by plasma cells. 


INFECTIOUS DISEASES 


ACQUIRED PRIMARY SYPHILIS 


In the primary stage the chancre usually occurs on 
the glans penis in males and on the vulva or cervix in 
females. In approximately 10% of cases the chancre may 
be extragenital: lips, fingers, oropharynx, anorectum, or 
some other site. In about 50% of females and 30% of males, 
primary lesions either never develop or are not detected. 

The chancre usually begins as a solitary, slightly ele- 
vated, firm, reddened papule that varies in size up to several 
centimeters in diameter. It then superficially erodes to create 
a clean-based, shallow ulceration on the surface of the 
slightly elevated papule. The contiguous induration charac- 
teristically creates a button-like mass directly subjacent to 
the eroded skin or mucosa, providing the basis of the 
designation hard chancre. Superimposed secondary bac- 
terial infection may impart a suppurative exudation. 

Histologically, the chancre is characterized by an in- 
tense mononuclear leukocytic infiltration, chiefly of plasma 
cells with scattered macrophages and lymphocytes (Fig. 8— 
24). This inflammatory infiltrate is embedded in increased 
ground substance, rich in glycosoaminoglycans, and bor- 
dered by a proliferative vasofibroblastic response that makes 
up the ‘margins of the ulcer. Obliterative endarteritis, as 
described, is present within this inflammatory reaction. 
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Figure 8-24. Syphilitic chancre: diffuse plasmocytic infiltration and endothelial proliferation. 


Treponemes are not evident without special staining, 
but with silver impregnations or immunofluorescent tech- 
niques they can often be visualized in the surface layer of 
the ulceration or in the scant overlying exudate. The regional 
nodes are usually enlarged and may show nonspecific acute 
or chronic lymphadenitis (p. 656) or a plasma cell-rich 
infiltrate, or may contain focal epithelioid cell granulomas. 


The primary stage of syphilis and its accompanying 
early spirochetemia are remarkable for the absence of 
systemic signs and symptoms. Not all syphilitic chancres 
are typical in appearance or location, and therefore 
dark-field identification of treponenes provides the most 
definitive and earliest means of diagnosis. Treponenes 
can sometimes be aspirated from the enlarged regional 
nodes after they have disappeared from the chancre. 
During the earliest weeks of syphilis the STS and specific 
tests for antitreponemal antibodies are usually negative. 
Adequate treatment with penicillin during the primary 
stage prevents the development of secondary syphilis 
and, in most patients, maintains seronegativity or con- 
verts serodiagnostic tests to negative. In a few patients, 
despite adequate therapy, serologic tests remain posi- 
tive, a phenomenon described as sero-fastness. 


SECONDARY SYPHILIS 


The secondary stage is characterized by widespread 
mucocutaneous lesions that are often generalized over the 
entire body, including the mucous membranes of the oral 
cavity, palms of the hands, and soles of the feet. Most often 
the rash is macular, with discrete red-brown lesions, rarely 
over 5 mm in diameter. In other cases, follicular, pustular, 
annular, and scaling lesions may predominate.'® Vesicular 
bullous and ulcerative lesions are uncommon. Reddened 
mucous patches may appear in the mouth or vagina. All the 
mucocutaneous lesions harbor organisms, but the most 
contagious are the wet types of mucous patches and skin 
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lesions. Histologically, the inflammatory reaction in the foci 
of mucocutaneous involvement resembles that found in the 
chancre. However, there is less intensity to the plasma cell 
infiltrate and it is ordinarily confined to perivascular cuffing. 
When the rash is distinctly papular it is usually accompanied 
by thickening of the epithelium and elongation of the rete 
pegs. Ulceration modifies the macroscopic and microscopic 
appearance by the development of suppurative exudation. 
Occasionally, secondary syphilitic lesions are better local- 
ized. Thus, papular lesions in the region of the penis or 
vulva may become large, elevated, broad plaques. They 
sometimes also occur on the lips and perianal region. These 
flat, red-brown elevations (up to 2 to 3 cm in diameter) 
are designated condylomata lata and are distinct from 
cofdylomata acuminata or venereal warts (p. 1082). The 
overlying epithelium is intact and hyperplastic unless sec- 
ondarily traumatized or infected. Histologically, there is a 
characteristic plasma cell infiltrate, as well as the character- 
istic vascular obliterative endarteritis. Many spirochetes may 
be found in these condylomata. The generalized lymphade- 
nopathy of secondary syphilis is often nonspecific, rarely of 
a granulomatous type. 


The lesions of secondary syphilis are not of them- 
selves pathognomonic since there is such variability in 
their form. However, the diagnosis of syphilis must be 
suspected when a disseminated rash develops in a 
patient who appears to be relatively well except for 
generalized adenopathy, sore throat, or bone pain. In 
other bacteremic states associated with rashes, marked 
constitutional signs of fever, chills, malaise, and pros- 
tration usually accompany the skin lesions. A history of 
primary chancre cannot be relied on to confirm the 
diagnosis of secondary syphilis since in many patients 
the primary stage may have passed completely unnot- 
iced. Thus, syphilis may be confused with other non- 
infectious skin diseases. 

A minority of patients with secondary syphilis de- 
velop a subacute meningitis, iritis, hepatitis, periostitis, 
or an immune complex glomerulopathy leading to the 
nephrotic syndrome (p. 1011). At this stage of the disease 
the STS and treponemal tests are almost always positive. 
Once again the opportunity is provided to treat these 
patients and prevent the development of tertiary syph- 
ilis. 


TERTIARY SYPHILIS 


Late syphilitic disease, which develops in only one- 
third of the untreated patients, is becoming increasingly 
rare. The cardiovascular system is most commonly af- 
fected (80 to 85%). CNS involvement accounts for about 
5 to 10%. Gummas in the liver and other sites make up 
the remainder. These localizations are not mutually 
exclusive. 


Cardiovascular syphilis, principally involving the aorta, 
may become manifest years to decades after the initial 
infection. It is an extremely serious disorder that causes 
considerable inflammatory scarring of the media of the aorta 
(mesaortitis) with weakening and dilation (aneurysm forma- 
tion), widening and incompetence of the aortic valve ring, 
and narrowing of the mouths of the coronary ostia (p. 531). 
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Central nervous system syphilis, or neurosyphilis (p. 
1381), is another late manifestation and takes one of several 
forms, designated as meningovascular syphilis, tabes dor- 
salis, and general paresis of the insane. Focal gummas in 
the brain or cord occur very infrequently. In addition, patients 
with ataxia and sensory loss from spinal cord syphilis may 
undergo a rapidly destructive degenerative arthritis of the 
knee joint (Charcot’s joint). 

The syphilitic gumma is a late-appearing focal area of 
nonsuppurative inflammatory destruction. It is characterized 
by a peculiar, rubbery, “gummatous” necrosis, most com- 
monly found in the liver, bones, and testes. Gummas may 
occur singly or multiply, and vary in size from microscopic 
defects to large tumorous masses of necrotic material. 
Erosion of a superficial cutaneous or submucosal gumma 
may yield a ragged ulcer that is extremely persistent and 
resistant to local therapeutic measures. 

In the liver, scarring due to gummas may cause a 
distinctive hepatic lesion known as hepar lobatum (p. 933). 
Gummas in bones cause focal areas of destruction, may 
erode the cortical surfaces and lead to fractures, and some- 
times extend into joints to destroy the articular surfaces. A 
testicular gumma may cause enlargement and simulate a 
tumor, but later produce fibrous scarring. 

Histologically, active gummas consist of a center of a 
coagulated, necrotic material with faint persistence of the 
shadowy outlines of dead tissue cells and vessels (Fig. 8— 
25). The margins of the gumma are composed of plump or 
palisaded macrophages and fibroblasts that may resemble 
the epitheliod cells of the tubercle surrounded by large 
numbers of mononuclear leukocytes, chiefly plasma cells. 
The small vessels in the wall are narrowed by the obliterative 
endarteritis found in other syphilitic lesions. Treponemes are 
scant in these gummas and are extremely difficult to dem- 
onstrate. 
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Figure 8—25. Syphilitic gumma of liver with central necrosis. 
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Gummas at times may be microscopic in size, producing 
a lesion virtually indistinguishable from the granulomas of 
tuberculosis or Boeck’s sarcoid, without additional evidence 
of the causative agent. 


CONGENITAL SYPHILIS 


Congenital syphilis may be contracted by a fetus 
born up to five years after the mother first becomes 
infected, but exceptions have been noted. The more 
recent the infection, the more certain the involvement 
of the fetus and the more florid the congenital disease; 
yet, adequate therapy early in pregnancy will com- 
pletely protect the child. The treponemes do not invade 
the placental tissue or the fetus until the fifth month of 
gestation, and therefore syphilis is an uncommon cause 
of early abortion. Instead, it causes late abortion, still- 
birth, or death soon after delivery, or it may persist in 
latent form to become apparent only during childhood 
or adult life. '% 


In the perinatal and infantile forms of congenital syph- 
ilis, the most striking lesions affect the mucocutaneous 
tissues and bones. A diffuse rash develops, which differs 
from that of the acquired secondary stage in that there can 
be extensive sloughing of the epithelium, particularly on the 
palms and soles and about the mouth and anus. These 
lesions teem with spirochetes. There is also a generalized 
luetic osteochondritis and periostitis that affects all bones, 
most prominently the nose and lower legs. Destruction of 
the vomer causes collapse of the bridge of the nose and 
later on the characteristic saddle deformity. Periostitis of the 
tibia leads to excessive new bone growth on the anterior 
surfaces and produces anterior bowing, or saber shin. There 
is also widespread disturbance in endochondral bone for- 
mation. The epiphyses become widened as the cartilage 
overgrows. Cartilage is found as displaced islands within the 
metaphysis. Throughout this area, there is an overall in- 
crease in fibrous tissue accompanied by the characteristic 
mononuclear leukocytic and vascular changes of syphilitic 
infections. 

The liver usually is severely affected in congenital 
syphilis. Diffuse fibrosis permeates lobules to isolate hepatic 
cells into small nests, accompanied by the characteristic 
white cell infiltrate and vascular changes. Gummas are 
occasionally found in the liver, even in very early cases. 

The lungs may be affected by a diffuse interstitial 
fibrosis that produces a marked increase in their consistency. 
In the syphilitic stillborn they appear as pale, virtually airless 
organs (pneumonia alba). 

The generalized spirochetemia may lead to diffuse 
interstitial inflammatory reactions in virtually any other organ 
of the body, e.g., the pancreas, kidneys, heart, spleen, 
thymus, and endocrine organs. In the CNS meningovascular 
syphilis may develop. Eye changes consist of an interstitial 
keratitis or a choroiditis with focal or diffuse inflammatory 
scarring of the choroid. Abnormal pigment production in 
focal areas may produce the spotted retina of congenital 
syphilis. 


The late-occurring form of congenital syphilis is 
distinctive in that interstitial keratitis is often accom- 
panied by periostitis, saber shins, and saddle deformity 
of the nose. In addition, there are characteristic alter- 
ations in tooth formation owing to spirochetal infection 


during the stages of development (Hutchinson's teeth). 
The incisor teeth are somewhat smaller than normal 
and have a screwdriver shape, or are sometimes even 
more pointed, to produce a peg-shaped or pumpkin- 
seed deformity. The defective formation of enamel re- 
sults in notching of the biting margins of the incisors. 
Dental x-ray examinations show characteristic changes 
even before the teeth erupt. Other lesions resembling 
tertiary syphilis may develop but, for unknown reasons, 
cardiovascular syphilis is quite uncommon. On the basis 
of the meningovascular involvement, eighth nerve deaf- 
ness and optic nerve atrophy may develop as these 
cranial nerves are damaged by the surrounding inflam- 
matory reaction. Among these many possible findings, 
most characteristic of delayed or “tardive” congenital 
syphilis is the triad: interstitial keratitis, Hutchinson's 
teeth, and eighth nerve deafness. 

In contrast to many other bacteria, T. pallidum for 
many decades has remained sensitive to penicillin,and 
to other antibiotics, and its prescribed treatment sched- 
ules have remained virtually unchanged. 


Yaws, Bejel, and Pinta* 


These three treponematoses caused by spirochetes 
morphologically identical to T. pallidum are much less 
common. Although they share some similarities with 
syphilis, there are important differences in epidemiology 
as well as organ involvement. Yaws is a disease of the 
moist tropics, bejel one of desert zones, and pinta is 
limited to rural foci in Latin America. All are transmitted 
by person-to-person contact but they are not venereal 
diseases. Like syphilis, bejel is a chronic disorder with 
onset most often in childhood. The initial lesion involves 
the mucocutaneous surfaces. Yaws begins with a large, 
raised skin ulcer, the “mother yaw.” Late in the course, 
bones may also be involved by gummatous lesions. 
However, CNS and cardiovascular lesions, which are 
the hallmark of tertiary syphilis, are rarely if ever seen. 
Pinta, unlike yaws and bejel, is purely a skin disease 
causing unsightly pigment changes, and is therefore less 
serious. All the nonvenereal treponematoses evoke hu- 
moral antibodies that give positive serologic tests for 
syphilis and seem to protect the bearer from venereal 
lues. 


UNCOMMON BACTERIA 


The five diseases to be briefly discussed here are 
rare in the U.S., but each presents a distinctive pattern 
of pathology. Since only modest research efforts have 
been expended, their pathogenesis has remained ob- 
scure. (See also Whipple's disease, p. 848.) 


Rhinoscleroma* 


This is a destructive chronic infection of the nose 
and upper airways caused by an encapsulated, gram- 
negative bacillus related to Klebsiella pneumoniae (p. 
311). In its endemic regions—parts of the U.S.S.R., 


Europe, Latin America, and the Near East—rhinoscle- 
roma is a well-known cause of facial deformity and of 
dangerous upper airway obstruction.’® The agent, K. 
rhinoscleromatis, is absent from the normal human 
microflora, but is readily cultured from rhinoscleroma 
lesions. Its transmission is not understood and its re- 
sponse to treatment is slow. The disease progresses 
insensibly from an initial stage resembling an ordinary 
cold to an atrophic stage in which the respiratory mucosa 
appears dry and granular, and finally to a nodular stage 
characterized by the growth of tumor-like submucosal 
masses caused by granulomatous inflammation. These 
swellings obliterate the nares, deform the face by dis- 
tending the nasal structures, and creep downward into 
the pharynx and larynx with consequent anosmia, dys- 
phonia, and airway obstruction. Isolated laryngeal in- 
volvement is rare but more dangerous, since it may 
lead to early death by suffocation. Microscopically, the 
lesions are replete with foamy macrophages, some quite 
large or multinucleate (Mikulicz cells). Aggregates of 
these foam cells are interspersed within well-vascular- 
ized fibrous stroma, which also contains lymphocytes 
and plasma cells. Contained within the cytoplasmic 
vacuoles of macrophages are encapsulated diplobacilli, 
best evidenced by silver staining. The overlying epithe- 
lium shows proliferation, sometimes squamous metapla- 
sia, or even pseudoepitheliomatous change. 


Ozena 


This disease is also a rare, severe, chronic rhinitis. 
However, instead of swelling it causes atrophy of the 
turbinates accompanied by a foul-smelling greenish ex- 
udate, nasal obstruction, and eventual anosmia. Klebsi- 
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ella ozaenae is thought to be the responsible agent, but 
mixed cultures with other gram-negative bacilli have 
sometimes been cultured from these lesions. The his- 
tologic picture is one of nonspecific exudative and 
necrotizing inflammation. 
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Granuloma Inguinale (Calymmatobacterium 
donovani) 


Granuloma inguinale—not to be confused with 
lymphogranuloma venereum (p. 294)—is a chronic, 
venereally transmitted disease with ulcerating and gran- 
ulating lesions of the genital skin and mucosae that 
become quite disabling and deforming. The agent, C. 
donovani, is a tiny, encapsulated, facultative, intracel- 
lular bacillus, sometimes referred to as a Donovan body. 
Granuloma inguinale is encountered world-wide, with 
the highest incidence in New Guinea and India. It is 
uncommon in Europe and the U.S. The usual mode of 
transmission is by sexual contact, but for unknown 
reasons males are predominantly affected. Under highly 
endemic conditions nonvenereal transmission can also 
occur. '® 


After an incubation period of three days to several 
months, the initial lesion appears as a papule on genital, 
perineal, or more rarely extragenital sites (e.g., the lips). 
This enlarges, ulcerates, and begins spreading and festering 
as an elevated, creeping sore with a necrotic center and an 
indurated, raised border. Satellite papules and ulcers may 
appear along the lymphatic drainage. In the long chronicity 
of this infection, the ensuing fibrosis may cause dense 
scarring, and sometimes keloid formation (Fig. 8-26). Unlike 
lymphogranuloma venereum, however, the lymph nodes 
remain uninvolved and rectal strictures are not formed. 


Figure 8-26. Granuloma inguinale of vulva. Inset shows a macrophage in high-power detail filled 


with faintly visible Donovan bodies. 
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At the base of the ulcer and in the papillary dermis of 
the bordering skin or mucosa, microabscesses are formed, 
merging with the underlying, richly vascularized granulation 
tissue that constitutes the bulk of the lesion. In the most 
active, superficial sites, Donovan bodies can be seen in 
vacuolated macrophages. In H and E-stained sections, they 
appear as faintly bluish dots sticking to the contour of a 
vacuole. With Giemsa or silver stains, many more organisms 
are usually apparent, some in neutrophils but mostly in 
macrophages. Deep to the granulation tissue, there is fibro- 
sis and mononuclear cell infiltration. Along the expanding 
borders of the ulcer, the epidermis shows marked acanthosis 
and sometimes pseudoepitheliomatous hyperplasia. Granu- 
loma inguinale usually remains localized wherever the lesion 
first appears but rarely, in pregnant women with involvement 
of the uterine cervix, metastatic dissemination to bones, 
joints, and other skin sites has been observed.'® Diagnosis 
is usually made by the demonstration of Donovan bodies in 
silver or Giemsa-stained smears or in biopsy tissue. Timely 
chemotherapy prevents the disfiguring lesions seen in ne- 
glected cases. 


Chancroid, Soft Chancre (Hemophilus ducreyi) 


Chancroid is an acute venereal disease character- 
ized by the development of 2 necrotic ulcer, the soft 
chancre, at the site of inoculation of H. ducreyi on the 
genitals. This organism is highly infectious, and autoin- 
oculation can lead to multiple chancres. The disease is 
transmitted by sexual intercourse and infection occurs 
through skin or mucous membrane abrasions. The 
organism has been isolated from the penile smegma and 
vaginal secretions of patients without manifestations of 
the disease. In the U.S. approximately 800 cases of 
chancroid are reported every year.'”° It is more widely 
prevalent in the Orient, West Indies, and North Africa. 


The soft chancre usually occurs on the penis and about 
the labia minora and majora, approximately three to five 
days after infection. A small macule that becomes papular 
and then forms an intradermal abscess develops at the site 
of invasion. The overlying skin sloughs to produce a draining 
ulcer, which is at first shallow but may enlarge to 2 to 3 cm 
in diameter. The well-developed ulcer is covered with a 
necrotic, purulent slough and bears a resemblance to the 
chancre of syphilis, but is less indurated as a rule. In about 
50% of cases, the regional nodes undergo painful inflam- 
matory hyperplasia over the course of one to two weeks. 
Suppuration may occur in these sites to produce fluctant 
masses (buboes) that drain to the skin surface. 

Histologically, the soft chancre presents three zones. 
The surface of the ulcer is composed of disintegrating 
leukocytes and red cells. Deep to this level, there is a zone 
of granulation tissue with hyperplasia of the endothelial cells 
in the small vessels, as well as a marked inflammatory 
reaction within and about the vessel wall. This vasculitis 
often leads to intravascular thrombosis or necrosis of the 
vessel wall. Deep to the granulation tissue, there is a third 
zone of more chronic inflammatory reaction with fibroblastic 
proliferation infiltrated with mononuclear leukocytes. The 
regional nodes of drainage present the same alterations of 
the involved vessels. Abscesses may form in the centers of 
these inflamed nodes and, by coalescence, may create large 
areas of suppurative necrosis. 


Clinically, the chancre is not particularly painful; 
however, the regional nodes of drainage are extremely 
tender, presumably owing to tension. The constitutional 
symptoms that accompany this disease are mild. 

The diagnosis of chancroid can be established by 
the isolation of H. ducreyi. A skin test for chancroid is 
available, but remains positive for several years after an 
acute infection. 


Carrion’s Disease (Bartonellosis)* 


The endemic zone of Bartonella bacilliformis infec- 
tion is limited to that of its sandfly vector, Phlebotomus 
verrucarum, which thrives in the Northern Andes at 
altitudes between 700 and 2500 m, largely within Peru. 
B. bacilliformis initially infects erythrocytes, causing an 
acute, febrile illness (Oroya fever) associated with he- 
molytic anemia and hepatosplenomegaly. This is fol- 
lowed by an eruptive phase in which the bartonellae 
localize in the skin, giving rise to numerous highly 
vascularized, nodular collections of inflammatory cells. 
The mortality rate is high in the initial hemolytic phase. 
The skin lesions usually develop after immunity is 
acquired and can be treated with chloramphenicol. 
Rarely, human infections with animal hemobartonellae 
have been reported in U.S. laboratory workers." 


MYCOBACTERIA 


Mycobacteria share the basic structure of all bac- 
terial organisms but have distinctive phosphoglycolipids, 
phospholipids, and waxes in their cell walls. Their family 
includes pathogens for many animals from mammals to 
mollusks, as well as free-living mycobacteria that some- 
times contaminate laboratory samples and give rise to 
confusion with human pathogens. Besides the tubercle 
and leprosy bacilli, there are about 30 other human 
pathogenic species, called the atypical mycobacteria, 
which have been classified by their rate of growth, 
reaction to light, and production of pigment on artificial 
media. The most important human mycobacteria tend 
to be slow dividers and are facultative intracellular 
invaders, and some thrive best at low body tempera- 
tures. Their relatively modest infectivity contrasts with 
their marked ability to persist in tissues either in 
dormant form or as chronic, destructive pathogens. 
Owing to their waxy cell components, many mycobac- 
teria are acid fast, i.e., they retain the red dye carbol- 
fuchsin after rinsing with acid solvents. One of the 
pathogenic mycobacteria, the lepra bacillus, has never 
been successfully cultured. Others have special growth 
requirements, and even under optimal aerobic condi- 
tions they take several weeks to form colonies, so that 
cultures must be maintained and periodically monitored 
accordingly. Animal inoculation, formerly the mainstay 
of diagnosis, is today used mainly for experimental 
purposes. 


Tuberculosis 


Tuberculosis is a worldwide, chronic, communica- 
ble disease caused by the “Koch bacillus,” Mycobacte- 
rium tuberculosis, which usually affects the lungs but 
may cause lesions in any organ or tissue of the human 
body. It evokes focal granulomatous inflammatory re- 
actions that typically undergo central caseous necrosis. 
These “caseating granulomas” are the histologic hall- 
marks of tuberculosis, but since similar lesions can have 
other infectious and noninfectious causes, tubercle ba- 
cilli should always be demonstrated in order to confirm 
the histologic diagnosis of tuberculosis. 

Two species of tubercle bacilli infect humans: M. 
tuberculosis hominis and M. tuberculosis bovis. Human 
tubercle bacilli are ordinarily transmitted by inhalation 
of infective droplets coughed or sneezed into the air by 
a patient with open lesions, i.e., with tuberculous foci 
in the lungs that are in communication with the airways. 
Bacilli remain viable in wet sputum for months and 
even in dried sputum particles for weeks. Most infec- 
tions are acquired by sustained exposure rather than 
casual contact, perhaps because respiratory defense 
mechanisms are able to screen out or kill small numbers 
of mycobacteria. Rarely, the conjunctivae or the abraded 
or punctured skin serve as portals of entry. Bovine 
tubercle bacilli are transmitted by milk from diseased 
cows and first produce intestinal or tonsillar lesions. In 
developed countries, disease control in dairy herds and 
pasteurization of milk have virtually eradicated this 
mode of transmission, and in the U.S., tuberculosis is 
now considered to be due to human bacilli unless proved 
otherwise. Elsewhere, extrapulmonary tuberculosis is 
sometimes due to bovine bacilli or to distinctive local 
human strains.'” 

INCIDENCE. Although tuberculosis is now both treat- 
able and to some degree preventable, it is still the 
single most important bacterial infection worldwide. Its 
true incidence cannot be precisely determined because 
(1) only a fraction of persons with M. tuberculosis 
manifest clinical disease at any one time; (2) all infected 
persons remain indefinitely at risk of developing active 
disease; and (3) case reporting, even in developed 
countries, is always incomplete. In 1974, a W.H.O. 
committee estimated the worldwide prevalence of active 
disease at 7 million. It is important at this point to 
distinguish infection from disease. Most exposed indi- 
viduals do not develop clinical disease—only an asymp- 
tomatic infection—and are converted to tuberculin re- 
actors without necessarily developing disease. In 1980, 
of a total U.S. population of 216 million, an estimated 
15 million were tuberculin reactors, but only 30,000 
active clinical cases were reported that year. In 1982, 
this number declined to 27,500.'"% Thus, in terms of 
active disease, tuberculosis ranks behind the avalanche 


of 1 million plus venereal infections recorded yearly in © 


the U.S., but in terms of the total number of people 
infected, it retains its traditional primacy among bacte- 
rial infections. Worldwide there is much variation in 
the incidence and mortality associated with clinical 
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tuberculosis. The current U.S. case rate is 12.4 per 
100,000, but there are pockets around the globe with a 
staggering rate of 350 per 100,000. Likewise, in the 
U.S. mortality rates have fallen slowly to about 2 per 
100,000, whereas they are many times higher in the 
developing countries. Many factors contribute to this 
marked variation. Tuberculosis flourishes wherever 
there is poverty, malnourishment, and lack of adequate 
medical care. Much of the decline of tuberculosis in the 
U.S. occurred before the advent of effective antibiotic 
therapy, owing to better living conditions. Unfortu- 
nately, those segments of the U.S. population who have 
benefited least from the improved quality of life, e.g., 
inner city blacks and Hispanics, continue to succumb 
to tuberculosis in unacceptably high numbers. These 
patients constitute a human reservoir of infection. In 
addition to socioeconomic factors, there seem also to be 
racial or ethnic differences. Africans, American Indians 
and blacks, and Eskimos are especially vulnerable, 
possibly because they have been unexposed until the 
recent past. Blacks in the U.S. Army have significantly 
higher morbidity rates from tuberculosis than whites. 
The possibility that these racial differences have genetic 
origins cannot be ruled out; however, they seem not to 
be related to the HLA antigens. Moreover, no racial or 
economic group has proved resistant to sustained ex- 
posure, although susceptibility clearly differs among 
individuals. Thus;.in the past, there has been a higher 
incidence of the disease in males than in females, 
perhaps because of greater exposure. Diabetes mellitus, 
alcoholism, malnutrition, congenital heart disease, 
chronic lung disease (particularly silicosis), and in fact 
any debilitating or immunosuppressive condition (e.g., 
Hodgkin’s disease) predispose to active disease. Occu- 
pational hazards exist for physicians and hospital per- 
sonnel. 

A significant change in the age distribution of 
tuberculosis has occurred in the U.S. Outside the inner 
city reservoirs of infection, where young adults are still 
at high risk, tuberculin reactivity and peak morbidity 
and mortality have all shifted from the 20-year-olds to 
the 50- and 60-year olds. Childhood tuberculosis has 
declined most sharply—less than 5% of teenagers now 
react to tuberculin; conversely, peak mortality from 
tuberculosis in white males now occurs around age 54, 
and in white females after age 65. Thus, tuberculosis in 
the U.S. is today mainly a disease of the elderly who 
became infected earlier in life before transmission de- 
clined. ‘4 

CAUSATIVE ORGANISM. M. tuberculosis hominis is a 
slender, delicately beaded rod averaging 4 microns in 
length when stained by the Ziehl-Neelsen or fluorescent 
dye methods. It is undetectable by Gram stain or routine 
histologic techniques. Its dividing time is of the order 
of 48 hours and growth in culture is slow; therefore, 
direct microscopic diagnosis in sputum, sediments, ex- 
udates, or biopsy specimens is time saving, although 
culture is still needed to rule out artifacts and verify the 
species. It should be remembered, however, that it 
takes 10* bacteria per ml of tissue for them to be visually 
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detected. A recently devised gas chromatographic 
method for traces of tuberculostearic acids may prove 
helpful when microscopic examination fails to yield 
mycobacteria after painstaking search.'” 

Tubercle bacilli are strict aerobes; they thrive at a 
Po, of 140 mm Hg and this may explain their tendency 
to cause disease in the subapical portions of the lung 
(Po, = 130 mm Hg), and to become scarcer in necrotic 
tissue lacking blood-borne oxygen. Their growth is also 
inhibited by a pH lower than 6.5 and by long-chain 
fatty acids. On the other hand, M. tuberculosis can 
persist in dormant form in old necrotic and calcified 
lesions capable of reinitiating growth, even when vir- 
tually undetectable by microscopy. 

PATHOGENESIS. The pathogenesis of tuberculosis 
involves four considerations: (1) the virulence of M. 
tuberculosis, (2) the role of induced hypersensitivity, (3) 
the role of immunity or resistance, and (4) the genesis 
of the granulomatous pattern of reaction so characteristic 
(but not necessarily diagnostic) of tuberculosis. 

M. tuberculosis has no known exotoxins, endo- 
toxins, or histolytic enzymes. A variety of antigens 
(approximately 30) can be identified, but these seem to 
play no role in virulence. More important appears to be 
the microbial content of extractable mycosides (cova- 
lently linked complex lipids and carbohydrates), which 
appear to be directly related to bacterial virulence. One 
derivative, called “cord factor” (trehalose 6-6 dimyco- 
late), is essential for the in vitro growth of M. tubercu- 
losis in a pattern of “serpentine cords.” Organisms 
growing in this fashion are virulent in animals. If “cord 
factor’ is extracted from tubercle bacilli they are ren- 
dered avirulent. Cord-forming strains also possess a 
sulfated glycolipid (sulfatide), which prevents the fusion 
of phagosomes with the lysosomes and favors the intra- 
cellular survival of mycobacteria within macrophages. !”° 
Several of the mycobacterial cell wall constituents, 
including wax D (a glycolypid) and muramy! dipeptide 
(a small water soluble component), when injected with 
tuberculoprotein (itself weakly immunogenic) induce 
strong hypersensitivity to tuberculin and so act as ad- 
juvants. Thus, lipid fractions contribute both to viru- 
lence and to the sensitivity state associated with tuber- 
culosis. 

The emergence of hypersensitivity to the tubercle 
bacillus plays a dominant role in the tissue destruction 
encountered in this disease. About two to four weeks 
after infection by the tubercle bacillus, sensitization 
appears as measured by the tuberculin test. The test 
antigen is purified protein derivative (PPD), derived 
from the culture medium in which tubercle bacilli have 
grown. In the widely employed Mantoux or Tine tests, 
an intradermal injection of PPD will evoke in the 
sensitized individual an area of induration (not simply 
erythema) at least 5 mm in diameter in 48 hours. 
Indeed, in the very sensitive, the site may become 
necrotic. A tuberculosensitivity reaction signals infec- 
tion in the host (but not necessarily disease). It results 
from acquisition of delayed (cell-mediated) hypersensi- 
tivity (Type IV) (p. 169). 

Once an individual becomes tuberculin positive, 


he usually remains so for the rest of his life. The basis 
of such long-lasting sensitivity is uncertain but is thought 
to be the persistence of bacilli, either latent or actively 
multiplying. In support of this view, some sensitized 
individuals after an intensive course of chemotherapy 
become tuberculin negative, taken to mean eradication 
of all viable bacilli. Repeated PPD skin testing can itself 
be temporarily sensitizing, but permanent sensitivity 
is conferred only by intact bacilli, virulent or attenu- 
ated. False-negative reactions (about 5%), if not due to 
technical failure, may be caused by viral infection or 
vaccination, drugs, steroid hormones, malnutrition, 
neoplasms, sarcoidosis, immunosuppression, or other 
poorly understood interfering factors including the wan- 
ing of cellular immune responses during advanced age. 
Rarely, but most important, true tuberculin anergy can 
be due to overwhelming disseminated tuberculosis itself 
and may be accompanied by a nonselective suppression 
of skin responses to other antigens. False-positive tu- 
berculin tests have resulted from previous host experi- 
ence with atypical mycobacteria. !” 

The appearance of tuberculin sensitivity heralds a 
change in the host’s response to the bacilli. On first 
exposure, tubercle bacilli act as inert particulate matter, 
and evoke a nonspecific neutrophilic inflammatory re- 
sponse. During this period, bacilli enter phagocytes 
(Fig. 8-27), but multiply unchecked and can drain via 
lymphatics and blood stream to distant sites, where they 
may die, remain dormant, or later induce foci of disease. 
Once sensitization appears the inflammatory reaction 
becomes granulomatous and, as cited earlier, the centers 


Figure 8-27. A mononuclear phagocyte with an engulfed tubercle 
bacillus. 


of the granulomas often undergo caseation necrosis, to 
form typical tubercles. Thus, hypersensitization under- 
lies the caseating destruction of tissue encountered in 
tuberculous lesions, but these damaging effects are 
counterbalanced by a concomitant increase in resistance 
to the infecting organisms. As already discussed (p. 
170), the sensitized T cells generated during delayed 
hypersensitivity reactions release lymphokines on ex- 
posure to the specific antigen. These lymphokines in- 
clude several soluble mediators that are chemotactic to 
macrophages, induce aggregation of macrophages at 
sites of infection, and, most important, activate macro- 
phages, i.e., enhance their phagocytic and microbicidal 
potentials.’ Thus, hypersensitivity is associated with 
an increased capacity to phagocytose and inhibit the 
intracellular replication of tubercle bacilli, and yields 
an increased resistance to the disease. 

Numerous efforts have been made to determine 
whether hypersensitivity and immunity (resistance) are 
two concurrent phenomena or two expressions of a 
single process. In human and experimental disease, 
anergy (loss of delayed hypersensitivity to tuberculopro- 
tein) is associated with severe, uncontrolled infection 
(loss of resistance). Thus, the two processes seem closely 
intertwined. However, recent experimental evidence 
suggests that delayed hypersensitivity and increased 
resistance may be mediated by different T-cell sub- 
sets.!” If in natural infection with tubercle bacilli both 
the T-cell subsets are sensitized simultaneously, hyper- 
sensitivity and resistance develop together. When nor- 
mal individuals are vaccinated with a preparation of 
avirulent tubercle bacilli—bacille Calmette Guérin 
(BCG)—the vaccinated individuals become tuberculin 
positive, but there is no agreement as to whether they 
also acquire resistance to a virulent infection. Estimates 
of the protective efficacy of BCG range from nil to 
80%.'® Although this issue is clouded by several tech- 
nical and epidemiologic complexities, most experts be- 
lieve that BCG vaccination is inadvisable in areas with 
a low incidence of tuberculosis, where most young adults 
are tuberculin negative, because the opportunity is lost 
to detect the onset of infection and potential disease by 
monitoring the tuberculin reaction.'*! Opinions are di- 
vided on whether BCG should be used in highly en- 
demic populations. 

Tuberculosis is the prototype granulomatous dis- 
ease of man. Other granulomatous conditions include 
sarcoidosis, brucellosis, tularemia, syphilis, leprosy, 
glanders, lymphogranuloma inguinale, cat-scratch fe- 
ver, berylliosis, and some of the mycoses. Uncommonly, 
granulomas are found within neoplasms and as reactions 
to lipids or in diseases of obscure nature such as 
Wegener's granulomatosis (p. 523). The basic character- 
istics of granulomatous inflammation were discussed on 
page 64. Here it suffices to recall that the tubercle 
comprises an organized microscopic aggregation of 
plump, rounded histiocytes (macrophages) that vaguely 
resemble epithelial cells and are therefore called epithe- 
lioid cells. Epithelioid cells are closely aggregated to- 
gether; have an abundant, eosinophilic, faintly granular 


cytoplasm and vesicular nuclei; and rarely contain stain- 


343 


able bacteria. There may also be Langhans multi- 
nucleate giant cells, formed by the fusion of macro- 
phages or internal nuclear division without cytoplasmic 
division (p. 64). About the granuloma, a peripheral 
collar of plump fibroblasts interspersed with lympho- 
cytes is found. The description just given represents the 
“hard” tubercle, so designated because of the absence 
of central necrosis and softening. More often, the central 
region of the tubercle undergoes a characteristic form 
of granular, caseous necrosis (p. 17). This “soft” tubercle 
is the most characteristic hallmark of tuberculosis (Fig. 
8-28). Although a variety of other less typical inflam- 
matory changes may be caused by tubercle bacilli, such 
as purulent and fibrotic lesions, tubercles can always be 
found if properly sought. 

The basis for the granulomatous reaction in tuber- 
culosis has been intensively studied and it is clear that 
T-cell sensitivity is involved. Sensitized T cells yield the 
chemotactants and migration inhibiting factor (MIF), 
and so contribute to the aggregation of macrophages, 
which then transform to epithelioid cells. The mecha- 
nism of epithelioid cell formation is uncertain. Under 
the electron microscope, epithelioid cells show highly 
ruffled, interdigitating cell membranes; well-developed 
endoplasmic reticulum; abundant mitochondria; and 
large Golgi complexes. Their cytoplasm contains nu- 
merous vesicles, but dense, lysosome-like bodies are 
not typically seen. Thus, their ultrastructure suggests 
they are better equipped for secretory functions than 
for phagocytosis,'®? and may represent a form of mac- 
rophage specialized for the extracellular secretion of 
digestive enzymes. The mechanism of caseous necrosis, 
the other hallmark of a tuberculous granuloma, is also 
poorly understood. Its appearance coincides with the 
acquisition of delayed hypersensitivity. Although there 
is little doubt that the formation of epithelioid cell 
granulomas in tuberculosis and several other infectious 
disorders is immunologically mediated, it should be 
pointed out that epithelioid cell transformation of mac- 
rophages can also be brought about by nonimmunologic 
mechanisms. Thus, in one study it was demonstrated 
that muramy] dipeptide could produce epithelioid cell 
granulomas in T cell—deficient animals, presumably by 
a direct activation of macrophages.'™ 

In conclusion, although much remains unknown 
about the pathogenesis of tissue response in tuberculo- 
sis, it is abundantly clear that the fundamental reaction 
is granulomatous, frequently with central caseation 
necrosis, and that immunity and hypersensitivity both 
play major roles in the evolution of the disease. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


PRIMARY TUBERCULOSIS 


Primary tuberculosis is defined as infection of an indi- 
vidual lacking previous contact with or immune responsive- 
ness to tubercle bacilli. In primary lung infection, a single 
lesion (known as Ghon focus) is usually found immediately 
subjacent to the pleura in the lower part of the upper lobes 
or upper part of the lower lobes of one lung, rarely elsewhere. 
These localizations reflect the areas receiving the greatest 
volume flow of inspired air. Bilateral or multiple foci are very 
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infrequent. An active Ghon focus is a 1.0- to 1.5-cm area of 
gray-white inflammatory consolidation circumscribed from 
the surrounding lung parenchyma. The consolidated focus 
becomes granulomatous and then develops a soft, caseous, 
necrotic center by the second week. Tubercle bacilli, either 
free or within phagocytes, drain along the regional peribron- 
chial lymphatic channels to the tracheobronchial lymph 
nodes and there evoke caseating granulomas. As a rule, 
the nodal involvement happens only on one side, that of the 
lung focus. The combination of the primary lung lesion and 
lymph node involvement is referred to as the Ghon complex. 


In most cases, primary tuberculosis does not pro- 
gress and undergoes shrinkage with fibrosis, calcifica- 
tion, and sometimes ossification, with fibrous scarring 
and puckering of the pleural surface. Occasionally, the 
pleural reaction may also become calcified. At the same 
time, fibrocalcific scarring replaces most of the tuber- 
culous foci in the regional tracheobronchial nodes. 
Healed primary complexes are frequently quite small 
and may be hard to detect by either pathologic or x-ray 
studies. However, the infecting organisms are not totally 
eradicated, and viable bacilli may persist for years and 
perhaps for life. 

Primary tuberculosis does not always follow a self- 
terminating course. Progressive primary tuberculosis is 
relatively rare and is more likely to affect children, 
although adult onset has become more frequent in those 
countries in which tuberculin conversion has shifted to 
the older age groups. In the so-called “childhood form,” 
the primary lung focus rapidly enlarges, erodes into the 
bronchial tree, and gives rise to new satellite lung 
lesions. This is accompanied and sometimes overshad- 


owed by caseous enlargement of the hilar lymph nodes 
to the point of forming mediastinal masses that can 
encroach upon major bronchi and hamper air flow. At 
the same time, these highly active lesions may seed the 
bloodstream with tubercle bacilli, resulting in life- 
threatening miliary dissemination (or tuberculous men- 
ingitis (p. 1379) (Fig. 8-29). In adults, primary tuber- 
culosis tends to pursue a less rampant course and 
therefore it is less readily distinguished from the sec- 
ondary disease. It can be suspected in an adult when 
radiographs show the subapical lung portions to be 
spared of lesions in the presence of mediastinal lymph 
node enlargement, a rare distribution in the usual, 
secondary form of tuberculosis. 

When primary tuberculous infection occurs at the 
less common portals of entry (GI tract, oropharyngeal 
lymphoid tissue, skin), primary complexes, similar to 
the pulmonary form, evolve at these sites and in the 
corresponding draining nodes. 


SECONDARY TUBERCULOSIS 


Secondary or postprimary tuberculosis is that 
phase of tuberculous infection that arises in a previously 
sensitized individual, whether the tubercle bacilli are 
derived from endogenous or exogenous sources. Most 
cases of secondary tuberculosis represent reactivation of 
asymptomatic primary disease, and may occur at any 
time following a primary infection, sometimes many 
decades later, presumably whenever defenses are low- 
ered. Much less commonly, significant exposure to 
exogenous organisms may trigger the onset of secondary 


Figure 8—29. Progressive (childhood) primary tuberculosis: pneu- 
monic focus (/eft, near pleura), massive caseous hilar lymphadenitis, 
and miliary tubercles throughout lung. Note tracheal displacement. 


disease. This phase of the disease is sometimes inappro- 
priately called “adult” or “reinfection” tuberculosis. 
(Secondary tuberculosis can arise in children, and pri- 
mary tuberculosis in adults. ) 

Secondary tuberculosis begins in the apical or pos- 
terior segments of one or both upper lobes, appearing 
close to the clavicle in chest films. Such lesions are 
referred to as Simon’s foci and are believed to be seeded 
during the early period of tuberculosis bacteremia, 
favored by the high Po, of the region. The minimal 
pulmonary lesion in the apex consists of a 1- to 3-cm 
focal area of caseous consolidation, usually within 1 to 2 
cm of the pleural surfaces. Far less commonly, reacti- 
vation occurs in other parts of the lung. Perhaps because 
of the prompter phagocytosis and destruction of bacilli 
by activated macrophages in the partly resistant individ- 
ual, satellite lesions in the regional nodes are distinctly 
rare and lung lesions are more apt to remain localized 
or progress slowly; however, at the same time, caseation 
occurs more rapidly, as does fibrotic walling off of the 
lesions. 


Histologically, the reaction consists of tubercle formation 
with formation of epithelioid cells, Langhans’ giant cells, 
caseation, fibrosis, and lymphocytic infiltration. When tuber- 
culosis strikes immunosuppressed patients, there may be 
virtual absence of any reactive cells and the lesions may 
therefore be represented by cell-poor nondescript foci rich 
in mycobacteria. Conversely, the lesions may be rich in 
neutrophils, especially where cavities are formed from large 
coalescent caseous lesions, and have eroded into the air- 
ways. 

The course of apical infection is extremely varied. (1) 
The pathologic process may undergo healing, scarring, and 
calcification to yield apical, fibrocalcific “‘arrested’”’ tuber- 
culosis. (2) The initial parenchymal infection may spread to 
the other areas of the lung through one of several pathways 
to create progressive pulmonary tuberculosis (p. 740). 
(3) It may extend to the pleura to produce pleural fibrosis, 
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pleural adhesions, inflammatory pleural effusions, or, by 
direct extension of the bacilli into the pleural cavity, lead to 
a tuberculous empyema. (4) When the pulmonary: lesions 
erode into bronchi, the material may be coughed up and 
seed the mucosal lining of the bronchioles, bronchi, and 
trachea (tracheobronchial tuberculosis), or organisms 
may become implanted in the larynx to produce laryngeal 
tuberculosis. (5) Swallowed bacilli can become trapped by 
the lymphoid patches of the small and large bowel to cause 
intestinal tuberculosis. 

(6) Miliary tuberculosis may result when the organisms 
gain access to the.lymphatics and blood to seed distant 
organs. The term miliary is descriptive of the small, yellow- 
white, barely visible lesions, which resemble canary bird 
seeds, or millet seeds. When the organisms erode into a 
pulmonary artery, the miliary dissemination may be limited 
to the lungs as the organisms are trapped in the alveolar 
capillary circulation. When the seeding of the pulmonary 
arteries is heavy and organisms get through the alveolar 
capillaries, or when a caseous focus erodes into a pulmo- 
nary vein, systemic dissemination follows and miliary lesions 
may develop in virtually any organ of the body. It is, however, 
well known that certain tissues are remarkably resistant to 
tuberculous infection, and therefore it is rare to find tubercles 
in the heart, striated muscle, thyroid, and pancreas. Favored 
sites of miliary localization are the bone marrow, eye 
grounds, lymph nodes, liver, spleen, kidneys, adrenals, 
prostate, seminal vesicles, fallopian tubes, endometrium, 
and meninges. Involvement of the eye grounds, bone mar- 
row, and liver offers valuable clinical opportunities to diag- 
nose miliary tuberculosis. The tubercles can be visualized 
in many instances in the eye grounds by simple fundoscopic 
examination, and can often be identified in marrow and liver 
biopsies, even when there is no functional impairment of 
these organs. (7) Progressive, isolated-organ tuberculo- 
sis may occur in any one of the organs or tissues commonly 
affected by miliary dissemination. Most likely, in the course 
of lymphatic or hematogenous dissemination of bacilli, 
organisms are rapidly destroyed in all other sites save for 
the particular tissue involved in the isolated tuberculous 
process. The most common sites of such isolated-organ 
tuberculosis are the cervical lymph nodes (scrofula), men- 
inges (tuberculous meningitis), kidneys (renal tuberculosis), 
adrenals (formerly an important cause of Addison's dis- 
ease—p. 1235), bones (tuberculous osteomyelitis), and the 
fallopian tubes and epididymides (genital tuberculosis). From 
such focal lesions, further dissemination or seeding may 
occur and thus, in renal tuberculosis, it is common for 
infective material to drain through the urine and cause 
tuberculous cystitis. In the same way, tuberculous salpingitis 
is often followed by tuberculous endometritis and tuberculous 
pelvic peritonitis. Tuberculous epididymitis may be followed 
by extension of the tuberculous infection into the testes, and 
spread from the prostate and seminal vesicles may affect 
other organs in the genitourinary tract. In vertebral tubercu- 
losis (Pott’s disease), long fistulas may form along the psoas 
muscle to open and drain in the groin region. Long-lasting 
tuberculous lesions of all types may stimulate the reticuloen- 
dothelial system sufficiently to result in systemic secondary 
amyloidosis, (p. 195), but this is rare in treated individuals. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


Before this discussion is concluded, attention 
should be drawn to the need for positive identification 
of acid-fast tubercle bacilli in the anatomic lesions. 
Granulomatous lesions are not confined to tuberculosis, 
as pointed out earlier. Acid fastness is shared by other 
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mycobacteria and by nocardia (p. 349). A diagnosis of 
tuberculosis should never be made definitive unless 
typical mycobacteria are seen in typical lesions or tu- 
bercle bacilli have been unmistakably identified by 
culture. 

Unfortunately, in all but the most rampant forms 
of tuberculosis, acid-fast bacilli in the diseased tissues 
are relatively scarce and therefore quite difficult to find. 
The most likely sites of their localization are recent 
necrotic foci still containing nuclear fragments; epithe- 
lioid cells rarely contain the bacilli. Even when they 
are not visible under the microscope, enough bacilli 
may be present in the tissues or in secretion such as 
sputum or gastric washings to be cultured successfully. 

CLINICAL Course. The clinical signs and symptoms 
of pulmonary tuberculosis are as varied as the anatomic 
lesions. A minute focus of tuberculosis may be totally 
occult, while extensive tuberculosis is almost invariably 
accompanied by systemic reactions. Except in progres- 
sive primary disease, primary tuberculosis is usually an 
entirely silent process. In most cases, primary infection, 
past or present, is detected only by tuberculin testing 
of the individual or by routine roentgenography with 
visualization of a focus of scarring or calcification in the 
appropriate location in the lung parenchyma or tracheo- 
bronchial nodes. Occasionally the individual may have 
low-grade fever and lack of appetite. 

Secondary tuberculosis may also be asymptomatic 
when the condition is confined to minimal lesions within 
the lung apices. More often, however, these patients 
have insidious onset of temperature elevations (usually 
most marked in the midafternoon), night sweats, weak- 
ness, fatigability, and loss of appetite and weight. As 
lung tissue is destroyed and bronchi are invaded, there 
is often productive cough, blood-streaked sputum, or 
hemoptysis. In other instances, pleural effusion may 
dominate the clinical picture. In advanced lesions, dysp- 
nea and orthopnea may be present. When the process 
affects other organs the clinical manifestations are refer- 
able to these localizations: for example, meningitis or 
renal disease. When the disease is miliary in its dissem- 
ination and does not produce focalizing signs or detect- 
able lesions, the symptom complex may be that of a 
fever of unknown origin (FUO). Because of their small 
size, miliary tubercles are often undiscovered by chest 
radiography. 

The diagnosis of all forms of tuberculosis depends 
on identification or isolation of the causative organism. 
Tuberculin testing can be helpful, especially in children, 
or when recent conversion in an adult can be docu- 
mented. Otherwise, skin reaction is of little diagnostic 
value, for reasons given earlier. Neither does the failure 
to demonstrate tubercle bacilli in sputum or other 
secreta rule out the diagnosis of tuberculosis, since 
occasionally the lesions are not in contact with natural 
channels of drainage in the so-called “closed” case. 
Biopsy may have to be resorted to in such instances. 

In recent years, the diagnosis of tuberculosis in 
North America has become more difficult since the 
number of “classical” cases has declined and more 
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patients now present with “occult” or atypical disease. '** 
Most common among the atypical presentations are late 
generalized infections in older people, some of which 
present as puzzling hematologic syndromes, leukemoid 
reactions, or myelophthisic anemias. Reactivation of 
tuberculosis in the course of a preexisting major illness, 
e.g., malignancies or chronic renal failure and dialysis, 
also poses diagnostic problems.'® In all these clinical 
settings, many of which are associated with acquired 
immunosuppression, one should remain alert to the 
possibility of tuberculosis, especially if the patient de- 
velops unexplained pyrexia. Fortunately, in all but those 
with advanced neglected disease, present methods of 
treatment with rifampicin, isoniazid, paraminosalicy- 
lates, and/or streptomycin can be expected to arrest 
progression and effect cure. 


Atypical Mycobacterial Infections 


The so-called atypical mycobacteria are related to 
Mycobacterium tuberculosis, but differ significantly in 
their distribution and pathogenicity. Formerly uncom- 
mon, the prevalence of atypical mycobacteriosis is on 
the rise in Europe and in parts of the U.S.'*° 

Atypical mycobacteria are widespread in the envi- 
ronment, in soil, water, plants, and animal excreta. 
Many are saprophytic or have very low pathogenicity. 
Skin test data in the southern U.S. suggest that many 
false-positive tuberculin reactors have been exposed to 
such organisms, but progressive disease caused by 
“atypicals” is less frequent and is predominantly oppor- 
tunistic, affecting mainly those with reduced immunity 
(e.g., AIDS, p. 208) or a preexisting lung disease. 
Human infections are derived directly from the envi- 
ronment and, unlike tuberculosis, there is no evidence 
for person-to-person transmission. The lesions associ- 
ated with mycobacterioses vary considerably and range 
from granulomas to nodular foam cell lesions and to 
purulent and necrotizing inflammation. Five patterns of 
diseases may be seen: (1) Pulmonary disease, produced 
by M. kansasii or M. avium-intracellulare, mainly affects 
white males over the age of 45 years with preexisting 
chronic bronchitis and emphysema; this is the most 
common form of mycobacteriosis. (2) Lymphadenitis, 
mainly affecting children, is produced by M. avium- 
intracellulare and/or M. scrofulaceum. (3) Ulcerative 
skin lesions caused by M. ulcerans'®’ or M. marinum 
are endemic in Australia, parts of Africa and Latin 
America. (4) Injection abscesses caused by M. fortuitum 
and M. chelonei occur sporadically all over the world. 
(5) In severely immunosuppressed patients, life-threat- 
ening bacteremias may occur, based on widespread 
lymphoreticular involvement, principally by M. avium- 
intracellulare. The diagnosis of mycobacterioses rests 
on culture in specialized media and differential bio- 
chemical tests. Since many of these organisms are free 
living or saprophytic, it is sometimes difficult to distin- 
guish contamination or colonization from true infection. 
This difficulty arises mainly in patients with pulmonary 
fibrosis or cavitation resulting from previous tuberculosis 


or chronic obstructive airway disease. There is at present 
no satisfactory laboratory method of making this distinc- 
tion, and therefore in some cases therapeutic trial may 
be the only recourse. Unfortunately, some species re- 
spond only poorly or not at all to antituberculous drugs 
or antibiotics. 


Leprosy (Mycobacterium leprae)* 


Leprosy, or Hansen’s disease, is an indolent, 
chronic mycobacterial infection of very low communi- 
cability involving mainly the skin and peripheral nerves. 
It is caused by the acid-fast bacillus M. leprae. Endemic 
foci of the disease are encountered throughout the 
world, principally in tropical climes. Once endemic in 
the U.S., especially in Hawaii, it is no longer common 
in this country and most of the approximately 2700 
known cases are concentrated in a single facility in 
Carville, Louisiana. Obviously, intercontinental travel 
may deliver an affected individual to any physician. 

M. leprae is less strongly acid fast than M. tuber- 
culosis, requiring modified staining methods. It divides 
every 13 days, the slowest known rate of any bacterial 
pathogen, and fails to thrive at temperatures exceeding 
36°C. It is an intracellular parasite with a strong tropism 
for macrophages and Schwann cells. Since all attempts 
at culture in vitro have thus far failed, not much is 
known of its intrinsic virulence factors, except that it 
lacks exotoxins and lytic enzymes. The nine-banded 
armadillo with its body temperature of 32° to 35°C offers 
an animal model in which the disease can be studied. 
Indeed, a disease closely resembling human leprosy has 
been identified in wild armadillos killed in Louisiana. !® 
Like M. tuberculosis, M. leprae evokes delayed hyper- 
sensitivity detectable by skin testing with lepromin—a 
killed extract made from M. leprae lesions. Sensitized 
individuals develop a tuberculin-like reaction in 48 
hours and a papular reaction at the local site three to 
four weeks later. Humoral antibodies can be demon- 
strated in these patients, but they are not in any way 
protective. 

Based on host resistance, leprosy takes one of 
several clinical forms. Its two polar forms, tuberculoid 
leprosy (TT) and lepromatous leprosy (LL), are associ- 
ated with intact as opposed to severely impaired cell- 
mediated immunity. In between these two extremes 
there is a spectrum of so-called borderline cases, rep- 
resenting variable degrees of host resistance. The bor- 
derline forms are less stable clinically and may change 
slowly to one of the more stable polar categories, often 
after an episode of clinical activity named a “reactional 
state’ which punctuates the slow progression of the 
disease. 

Patients with TT respond to M. leprae by mounting 
a vigorous T cell-mediated immunity, and as in the 
case of tuberculosis, the sensitized T cells cause local 
aggregation and activation of macrophages, resulting in 
the formation of typical tuberculoid granulomas with 
few surviving bacilli in the lesions. The 48-hour lep- 
romin skin test, an indication of delayed hypersensitiv- 
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ity to lepra bacilli, is strongly positive in TT. In sharp 
contrast to the tuberculoid form, LL is associated with 
lack of T cell-mediated immunity, and therefore with 
poor host resistance. Enormous numbers of M. leprae 
can be seen within macrophages, which seem unable to 
destroy them or limit bacterial growth, perhaps because 
of lack of activating signals derived from sensitized T 
cells (Fig. 8-30). Lepromatous lesions show nodular or 
diffuse aggregates of foamy macrophages rather than 
epithelioid cell granulomas, and their lepromin skin test 
is negative. As might be expected, in LL the disease is 
much more extensive and progressive, and more difficult 
to cure. The tissue reactions, bacillary load and lepromin 
test are variable in the intermediate forms and depend 
on their position within the spectrum of leprosy. 

Patients with LL often have a polyclonal hypergam- 
maglobulinemia, which is due perhaps to the lack of T- 
suppressor cells and massive exposure to lepra antigens. 
Obviously these antibodies offer little protection against 
the bacilli. On the contrary, the formation of antigen- 
antibody complexes may lead to erythema nodosum 
leprosum (ENL), a potentially life-threatening reaction. 
This may occur when lepromatous patients are treated 
with drugs, thereby releasing large amounts of antigenic 
material from the lysed bacteria. As in the case of other 
immune complex—mediated disorders, ENL is associ- 
ated with vasculitis (responsible for erythematous skin 
nodules), arthralgias, fever, and sometimes, glomeru- 
lonephritis. By contrast, tuberculoid patients may ex- 
perience “borderline reactions,” i.e. erythematous 
swellings of skin lesions, followed by clinical improve- 
ment and increased reactivity to lepromin. 

Although the profound depression of T cell—me- 
diated immunity in lepromatous leprosy is well estab- 
lished, the basis of immunologic failure is still a mystery. 
At onset it appears that the defect is selective for the 
lepra bacilli, since reactions to other T-cell antigens 
remain intact.'*° In some fully developed cases, how- 
ever, patients are anergic to several commonly used 
skin-test antigens. Presumably this is secondary to the 
destruction of T-cell areas of the lymph nodes by the 
disease. An inherited basis for the initial specific T-cell 
deficiency is strongly suspected but no clear genetic 
markers have been identified. In some families with 
tuberculoid leprosy, association with HLA-DR2 has 
been noted. In the vast majority, however, despite a 
vigorous search, associations with the HLA region have 
not been detected. 

Transmission of leprosy is direct from active cases, 
mostly LL. The mode of entry is unknown, but probably 
involves droplet aspiration or skin contact. Tuberculoid 
patients are not contagious. Infection requires prolonged 
close contact (years), such as occurs within a family, and 
once acquired the disease usually pursues an extremely 
slow course, spanning decades. Indeed, most lepers die 
with their disease rather than of it. The vital organs and 
CNS are rarely affected. 


Viral, Chlamydial, Rickettsial, and Bacterial Diseases 


In LL, once the organism invades, a bacteremia follows 
that often persists during the course of active disease. From 
the blood, organisms preferentially localize in the skin, 
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Figure 8-30. Leprosy. High-power view of acid-fast bacilli prolifer- 
ating in foamy macrophages. 


peripheral nerves, anterior eye, upper airways (down to the 
larynx), testes, and hands and feet. This distribution appears 
to reflect the fact that the organisms are able to proliferate 
only in cooler tissues. Wherever they localize they evoke an 
aggregation of lipid-laden macrophages (lepra cells), often 
filled with masses of acid-fast bacilli (globi) (Fig. 8-31). 
These reactions induce macular, papular, or nodular lesions 
in the skin, with a predilection for the face, ears, wrists, 
elbows, Knees, and buttocks. The distribution of these skin 
lesions can be symmetric or even diffuse and thus difficult 
to notice. With progression the nodular lesions predominate, 
and they may sometimes coalesce to yield a distinctive face 
deformity Known as leonine facies. Most skin lesions are 
hypoesthetic or anesthetic. Lesions in the nose may cause 
persistent inflammation and bacilli-laden exudate, and may 
Cause airway obstruction, or sometimes collapse of the 
bridge of the nose or perforation of the septum. The periph- 
eral nerves may be affected (usually symmetrically), espe- 
cially the ulnar and peroneal nerves where they come near 
the skin surface. Loss of sensation and trophic changes in 
the hands and feet may follow the nerve lesions. Although 
the nerves are laden with bacilli, clinically evident neurologic 
involvement is not as prominent in LL as in the TT form 
since there is less intraneuronal inflammation. Lymph nodes 
show aggregation of foamy histiocytes in the paracortical (T- 
cell) areas, with enlargement of geminal centers. In ad- 
vanced disease, similar aggregates of macrophages are 
also present in the splenic red pulp and in the liver. Testes 
are usually extensively involved, with destruction of the 
seminiferous tubules and consequent sterility. Gynecomastia 
is also a frequent finding. 

TT begins with much more localized macular skin le- 


sions. The macules, at first erythematous, enlarge and 
develop irregular shapes with indurated, elevated, hyperpig- 
mented margins and depressed pale centers (central heal- 
ing). The skin lesions are usually neither numerous nor 
bilaterally symmetric. Nerve involvement dominates this form 
of the disease, typically of the ulnar and peroneal nerves. 
The nerves are enclosed within granulomatous inflammatory 
reactions, and if small enough (e.g., the peripheral twigs) 
may be totally destroyed. The neural involvement thus often 
induces skin anesthesias and skin and muscle atrophy. The 
trophic changes render the patient liable to trauma of the 
affected parts with the development of indolent skin ulcers. 
When the neurologic and trophic involvements are ad- 
vanced, contractures, paralyses, and autoamputation of fin- 
gers or toes may ensue. Facial nerve involvement can lead 
to paralysis of the lids, with keratitis and corneal ulcerations. 
Microscopically, all sites of involvement disclose granuloma- 
tous lesions closely resembling hard tubercles. As men- 
tioned, bacilli are almost never identified in these lesions. 


The diagnosis of leprosy can be made by skin 
biopsy, scrapings of lesions, or nasal smears. Evaluation 
of the biopsy findings and lepromin test are essential 
steps in classifying the disease form and in planning 
treatment. Both forms are characterized by great chron- 
icity, with periods of quiescence punctuated by reac- 
tional states. Therapy with sulfones must be long-term, 
taking years, not months, and resistance to these drugs 
has recently become an increasing problem. The tuber- 
culoid form has the better prognosis and response and 
in most cases does not materially shorten the patient's 
life span. Long-standing LL may lead to death from 


Figure 8-31. Leprosy. Portion of a lepromatous mass composed of 
typical lepra cells. 


intercurrent disease, usually bacterial infection or sec- 
ondary amyloidosis. The historical ostracism of patients 
with Hansen’s disease has at last been overcome, and 
with proper care their most disfiguring and disabling 
lesions can be prevented or rehabilitated. An experi- 
mental vaccine is soon to undergo clinical trial. 


ACTINOMYCETALES 


Although traditionally discussed along with fungi, 
actinomycetales are closely related to mycobacteria. 
They show some similarities to fungi, such as branching 
and the formation of a mycelial network, but the pres- 
ence of muramic acid in their cell walls and the absence 
of a membrane-bound nucleus clearly aligns them with 
the bacteria. Of the several genera included in this 
group, Actinomyces and Nocardia are the most impor- 
tant human pathogens. 


Nocardiosis 


The nocardiae are long, filamentous, gram-positive, 
aerobic bacteria that often aggregate in branching 
chains. They are weakly acid fast and can be stained by 
the methods used for M. leprae but not by the Ziehl- 
Neelsen stain for M. tuberculosis. They also differ from 
tubercle bacilli in their culture requirements, which are 
less fastidious, and by their extracellular habitat during 
infection. Approximately 1000 cases of nocardiosis are 
reported every year in the U.S., but there are probably 
many more. Ninety per cent are caused by N. asteroides 
and the rest by N. brasiliensis and N. caviae. Most 
patients who develop nocardiosis are chronically ill or 
immunosuppressed; transplant rejection, corticosteroid 
therapy, and alveolar proteinosis (p. 746) are frequent 
antecedents. In cases without known predisposing con- 
dition (mostly skin infections), N. brasiliensis is the 
predominant pathogen. 

Little is known of the transmission of nocardiae and 
it is unclear whether the nosocomial form of nocardiosis 
represents new infection or activation from a commensal 
state. There is no evidence of person-to-person spread. 
The lung and skin are the usual primary sites. In the 
U.S., localized pulmonary disease is the most common 
form; second is severe, disseminated nocardiosis, in- 
cluding spread to the CNS. Localized skin infection, or 
mycetoma (p. 359), is uncommon in the U.S., but is 
endemic in Mexico and elsewhere in Latin America. 


In the lung, nocardiae typically cause single or multiple, 
chronic, necrotizing, walled-off abscesses. Similarly, primary 
skin lesions are necrotizing or purulent, or both. Grossly 
nocardial lung abscesses are irregular in shape, with a soft 
purulent center surrounded by a broad rim of organizing 
pneumonia, much like the lesions caused by pyogenic bac- 
teria. Fibrosis is seen only in long-standing lesions or during 
the healing stage, which is characteristically protracted. 
Pleural involvement is frequent, giving rise to fibrinous pleu- 
ritis or sometimes empyema. Microscopically there is wide- 
spread necrosis, with a fibrinous exudate rich in neutrophils. 
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In contrast to tuberculosis, granulomas are not formed. The 
organisms do not stain with H and E and are therefore easily 
missed in routine sections. Gram staining and a modified 
acid-fast stain have to be utilized in suspected cases. 
Fragmentation of the filamentous nocardiae could cause 
confusion with tubercle bacilli, but staining and culture of the 
organisms differentiate the two. Nocardia grows out slowly 
on fungal and mycobacterial media, as well as on other 
media. In lung lesions, nocardiae appear as discrete fila- 
ments, but in mycetomas of the skin they form mycelial 
colonies not unlike those of Actinomyces except for their 
acid-fastness. 


The clinical presentation of pulmonary nocardiosis 
can be confusing and the disease is often unsuspected 
until late in its course, after the common bacteria have 
been excluded and response to antibiotics has been 
disappointing. Dissemination can give rise to meningitis 
or symptoms of space-occupying lesions in the brain 
that are due to the formation of cerebral abscesses. In 
immunosuppressed patients, aggressive diagnostic eval- 
uation for nocardiosis is warranted. If examination of 
sputum, pleural fluids, and bronchial washings is not 
helpful, open lung biopsy may be required. Most pa- 
tients respond to sulfonamide therapy. 


Actinomycosis 


Actinomycosis is a chronic suppurative infection 
localized chiefly to the neck, lung, or abdomen. The 
lesions, which spread by contiguity, are markedly in- 
durated and contain multiple abscesses that drain to the 
surface by sinuses. The discharge from the sinuses 
typically contains grossly visible yellowish colonies 
called sulfur granules. Most human infections are caused 
by Actinomyces israelii; other species including A. vis- 
cosus, A. odontolyticus, and A. naeslundii rarely pro- 
duce disease. The actinomycetes are gram-positive, 
non—acid-fast, strictly anaerobic bacteria that are easily 
overgrown by other organisms and difficult to culture. 
They are commensals within the oral cavity (tonsillar 
crypts, tartar of teeth), alimentary tract, and vagina, 
invading only when the tissue is devitalized by trauma 
(e.g., dental surgery) or bacterial infections. Actinomy- 
cotic lesions often contain other bacteria including fu- 
siform bacilli, gram-negative bacilli, and various strep- 
tococci. However, Actinomyces is capable of producing 
lesions in man and experimental animals without any 
synergistic bacterial flora. Unlike nocardiae, actinomy- 
cetes are not opportunists. They infect apparently 
healthy individuals, when local conditions favorable for 
their growth are created by trauma or tissue devitali- 
zation. All infections are derived endogenously and 
there is no person-to-person spread. Three classical 
forms of actinomycosis are recognized: cervicofacial, 
abdominal, and thoracic, but the disease frequently 
presents in atypical fashion and can be confused with 
other infections or even neoplasms.” 


Cervicofacial actinomycosis is the most frequent pat- 
tern. At first the gingiva and adjacent soft tissues become 
swollen and indurated, but the lesion is not extremely painful. 
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In the course of time, a large, woody swelling develops, 
characteristically over the angle of the jaw, reminiscent of 
the actinomycotic infection in cattle—“lumpy jaw.” These 
infections are characterized by great chronicity, burrowing, 
and invasive spread: thus, in the cervicofacial disease the 
inflammation often extends to the skin to perforate and 
form jultiple sinuses. Periostitis and osteomyelitis with 
extensive destruction of bone (jaw or vertebral) are common 
accompaniments. The histology can be briefly characterized 
as central suppurative necrosis surrounded by granulation 
tissue and intense fibrosis. Often included in the granulation 
tissue are many foamy histiocytes and plasma cells. The 
center of each abscess usually contains a bacterial colony 
consisting of intertwined radiating filaments (the “rays”), 
capped by eosinophilic hyaline material (the “clubs’’), cre- 
ating a sunburst pattern. These are the sulfur granules seen 
macroscopically (Fig. 8-32). Otherwise, the tissue response 
in actinomycosis is entirely nonspecific and the diagnosis 
must be made by identification of the causative agent. 
Sometimes an astute clinical observer will note diagnostic 
“sulfur granules” in the draining pus. For more certain 
identification, cultures may be required. 

Abdominal actinomycosis arises from invasion of the 
intestinal mucosa, most commonly of the appendix or colon. 
There ensues an acute and chronic inflammatory reaction 
that penetrates the wall of the bowel to produce a localized 
peritoneal abscess, which then may extend into adjacent 
loops of bowel, the retroperitoneal tissues, and anterior 
abdominal wall and may sometimes dissect to the skin 
surface with the formation of draining external sinuses. 
Organisms may reach the liver either by the hematogenous 
route or by direct continuity, causing extensive liver ab- 
scesses. Further spread may then lead to subdiaphragmatic 
infections, and eventual penetration of the diaphragm and 
intrathoracic infections. The increasing use of intrauterine 
contraceptive devices has led to the emergence of a pelvic 
form of the disease affecting the uterine cervix, fallopian 
tubes, ovary, and adjacent pelvic viscera. 

Thoracic actinomycosis, either primary or following 
penetration of a subdiaphragmatic infection, causes lung 
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Figure 8-32. Actinomycotic abscess containing colonies of fungi 
(sulfur granules) appearing as black masses within center of ab- 
scess. 


abscesses that sometimes result in pulmonopleural fistulas, 
or empyema. Further spread may erode the ribs and anterior 
chest wall or extend into the vertebral column and pericardial 
cavity. Even in the presence of destructive local lesions, 
actinomycosis evokes few systemic symptoms, and the 
relative well-being of a patient bearing a large fistula-forming 
inflammatory mass is a valuable clinical clue. Actinomyces 
respond well to sustained antibiotic treatment. 
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Fungal Diseases 
Deep fungi 
Candidiasis (moniliasis) 
Mucormycosis (zygomycosis) 
Aspergillosis 
Cryptococcosis (Cryptococcus 
neoformans) 
Blastomycosis (Blastomyces 
dermatitidisy 
Patacoccidioidomycosis (South 
American Blastomycosis)* 


Pneumocystosis (Pneumocystis carinii) 
Blood and tissue protozoa 

Malaria (Plasmodium sp.)* 

Babesiosis (Babesia sp.)* 

African trypanosomiasis (Trypanosoma 

brucel, rhodesiense, gambiensey* 

Intracellular protozoa 

Chagas’ disease (Trypanosoma cruzi)" 

Leishmaniasis (Leishmania sp.)* 

Toxoplasmosis (Toxoplasma gondii) spp.)* 

Helminthic Diseases 


Filariasis* 


Zoonotic filariasis (Dirofilaria 


and Sarcoidosis 


Guinea worm infection (Dracunculus 
medinensisy* 
Trichinosis (Trichinella spiralis) 


Lymphatic filariasis (Wuchereria 
bancrofti, Brugia malayif 

Onchocerciasis* 

Minor tropical filariae (Loa, 
Mansonella, Dipetalonema 


Coccidioidomycosis (Coccidioides 


immitis! Ascariasis (Ascaris lumbricoides) 
Histoplasmosis (Histoplasma Trichuriasis (Trichuris sp.) 
capsulatum) Enterobiasis (oxyuriasis) 


Unusual deep fungal infections* 
Superficial fungi (dermatophytes) 
Protozoal Diseases 
Luminal protozoa 
Amebiasis (Entamoeba histolytica) 
Amebic meningoencephalitis 
Giardiasis (Giardia lamblia) 
Infections by Cryptosporidium and cati) 
Isospora spp. 
Trichomoniasis (Trichomonas vaginalis) 


stercoralis) 


Tissue roundworms 


Intestinal roundworms 


Hookworm disease (Necator, 
Ancylostoma spp.) 

Strongyloidiasis (Strongyloides 

Capillariasis (Capillaria philippinensisf 

Visceral larva migrans (Toxocara canis, 


Other occult zoonotic tissue helminths” 


immitis, D. tenuis, Brugia beaveri) 
Cestodes, tapeworms 
Intestinal tapeworm infections 
Cysticercosis 
Echinococcosis (hydatid disease) 
Trematodes (flukes) 
Fascioliasis (liver fluke, Fasciola 
hepatica) 
Clonorchiasis and opisthorchiasis* 
Fasciolopsiasis* 
Paragonimiasis (lung fluke, pulmonary 
distomiasis)* 
Schistosomiasis (bliharziasis)* 
Sarcoidosis (Boeck’'s Sarcoid) 


*Infectious diseases of limited geographic distribution are marked by an asterisk. 


FUNGAL DISEASES 


Only a few fungal species commonly infect humans 
(Table 8-6), yet taken together they rank closely behind 
viruses and bacteria as causes of disease and are neither 
rare nor exotic. In tissues, fungi reproduce by simple 
division of round, yeastlike forms or of slender, tubular 
hyphae whose aggregation forms a mycelium. Rarely, 
fruiting bodies named conidia or sporangia are also 
formed, but the rich diversity of free-living and sexual 
reproductive stages is missing; in fact, some species 
form infective spores only in nature or in culture and 
these differ sharply from their tissue forms, which are 
noninfective (dimorphic fungi). 

Fungal cells are relatively large (Table 8-1) and 
their walls contain ergosterol and beta-linked polysac- 
charides rather than the bacterial peptidoglycans. Some 
species have slimy, antiphagocytic capsules; others have 
wall components resistant to phagolysosomal attack. 
Fungi therefore can imitate the whole gamut of bacterial 
pathology from acute pyogenic to chronic granuloma- 
tous infection, and may not reveal their presence until 
identified by laboratory methods. Fortunately, their 
sturdy cell walls make fungi detectable microscopically 
even in the midst of necrosis; however, some are so 
adherent and tightly bound that they are rarely detect- 
able in body fluids or exudates and tissue samples are 
required to find them. Often, fungal morphology is 
distinctive enough for tentative microscopic species 
identification, but only culture is definitive. Fungal 
pathogens grow well, if slowly, on appropiate media, 
but so do contaminating spores of free-living or com- 
mensal fungi. Therefore, culture and tissue diagnosis 
combined provide the most useful information. 


Pathogenic fungi elaborate mycotoxins and enzymes 
but, with few exceptions, their role in human disease is 
still unclear. Their antigens, rich in polysaccharides, are 
sometimes diagnostically detectable; some can induce 
strong hypersensitivity responses of Types III and IV 
(p. 166). Phagocytic competence plays a large role in 
antifungal defense,'*! and patients with fewer than 1000 
leukocytes are as vulnerable to fungi as to bacteria. 
Steroids and immunosuppressive drugs favor fungal 
infections of all varieties and species. In altered hosts, 
fungal growth is often florid and widespread, with sparse 
cellular response. It extends into vessel walls to generate 
thrombosis and infarction. Thus, the combination of 
necrotic abscesses and infarcts should arouse suspicion 
of a fungal cause. 

Fungal pathogens are subdivided into those that 
remain superficial (i.e., restricted to the epidermal 
surface) and those that invade deep organs and tissues 
(deep fungi). More important, some species are consid- 
ered opportunistic, others truly pathogenic (i.e., capable 
of infecting normal persons) (see Table 8-6). Some 
pathogenic fungi are restricted geographically, and the 
diseases they cause are called endemic mycoses. Oppor- 
tunistic fungi are cosmopolitan and owe their present 
high frequency largely to medical progress—mainte- 
nance of critically ill patients, immunosuppressive 
drugs, steroids and antibiotics (themselves initially dis- 
covered in the Penicillium mold); all these factors facil- 
itate opportunistic fungal growth, as do modern invasive 
hospital procedures and prostheses. Although the path- 
ogenic fungi do not require such help, they can be 
roused from a dormant state or aggravated by similar 
factors. 

Several fungal species do not conform neatly to the 
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Table 8-6. COMMON DEEP FUNGAL INFECTIONS 


World-wide Fungi 


Best Staining Distribution of 
Species Forms Methods* Portal of Entry Lesions 
Candidat Nonbranching Gram, PAS, MSS Gl, skin, intravenous Superficial, deep, or 


(albicans, krusei, pseudohyphae; yeasts 


tropicalis, etc.) 


systemic 


Cryptococcus Encapsulated yeasts, Mucicarmine, PAS Respiratory Meninges, lung, 
neoformanst single budding systemic 
Aspergillus Branching hyphae; occ. PAS, MSS Respiratory (1) Endobronchial, 
(fumigatus, niger, etc.) conidia noninvasive 
(2) Invasive: lung, 
upper respiratory, 
systemic 
Genus Mucorales Branching hyphae; rare PAS, MSS Respiratory Upper respiratory, 
(Mucor, Absidia, sporangia lung, systemic 
Rhizophus) 
Torulopsis glabrata Small yeasts PAS, MSS Oral? systemic 
Sporothrix schenkiit Small yeasts PAS Skin Skin; lymph nodes 
Endemic Fungit 
Blastomyces dermatitidist | Yeasts with single broad- PAS, H&E Respiratory Lung, systemic with 
based budding typical skin lesions 
Paracoccidioides Yeast with multiple PAS, H&E Respiratory Lung, systemic 
brasiliensist budding 
Coccidioides immitist Spherule with PAS, H&E Respiratory Lung, systemic, 
endosporulation meninges 
Histoplasma capsulatumt Small yeast with single MSS Respiratory Lung, systemic, can 


budding 


involve any organ 


*PAS = Periodic acid—Schiff; MSS = methenamine silver; H&E = hematoxylin-eosin. 
t = Fungi that can infect hosts without known predisposing factors. 
+ = Limited in their geographic distribution, except H. capsulatum. 


definitions just outlined. Thus, Candida albicans, con- 
sidered an opportunist, can cause mild disease in osten- 
sibly normal individuals. It can also progress from 
innocuous colonization to superficial and deep invasion, 
depending largely on diminishing host resistance (p. 
274). In the case of the endemic mycoses, the number 
of infected persons detectable by skin testing with fungal 
antigens may be in the millions, but progressive disease 
is limited to only a fraction, namely, those lacking a 
vigorous specific immune response (see coccidioidomy- 
cosis, p. 357). Thus, the dividing lines between fungal 
categories cannot be considered hard and fast. When 
host resistance is at its lowest ebb, specific chemother- 
apy can sometimes do no better than to induce a 
succession of opportunistic infections, each harder to 
eradicate than its predecessor. In such patients, even 
superficial dermatophytic fungi have become invasive 
(Trichophyton beigeli)'*? and even tissue invasion by 
primitive algae (Prototheca sp.) has been observed.'™ 


DEEP FUNGI 


Candidiasis (Moniliasis) 


Candidae are the most frequent causes of human 
fungal disease. C. albicans is the most common species 
and can infect normal as well as altered hosts. In the 
latter, it is joined by other less pathogenic Candida 
species. All appear in tissues as nonbranching, boxcar- 


like chains of tubular cells, called pseudohyphae, from 
which small 2- to 4-~ yeast forms bud off, named 
blastospores. Either form or both may be seen in 
diseased tissues. Candida stains well with Gram, PAS, 
and silver stains (Fig. 8-33). 

Candida albicans is found in the oral cavity, GI 
tract, and vagina of a great many normal individuals. 
The normal bacterial microflora at these mucocutaneous 
surfaces has an inhibitory influence on the growth of 
Candida, and therefore its suppression (e.g., by anti- 
biotics) or changes in pH may permit the fungus to 
proliferate. Three disease patterns are seen. (1) Super- 
ficial proliferation occurs at sites normally colonized by 
the fungus. (2) Deep invasion occurs from destructive 
surface lesions when there is a systemic impairment of 
host defenses; widespread dissemination of the fungus 
may follow. (3) Direct inoculation into the bloodstream 
can give rise to severe disseminated candidiasis in 
immunocompromised patients; the sources may be 
iatrogenic (e.g., intravenous lines, catheters, peritoneal 
dialysis, cardiac surgery) or may be related to intrave- 
nous drug abuse with contaminated needles. Thus, the 
disease spectrum of candidiasis ranges from the domain 
of office dermatology to that of the intensive care unit. 

The most common forms of candidiasis involve the 
mucosae of the oral cavity and vagina. Here the fungus 
covers the mucosae in curdy white patches or large, 
almost fluffy membranes, easily detached, leaving a 
reddened, irritated underlying surface. The histologic 
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Figure 8-33. Monilial ulcer of esophagus with slender filamentous 
and yeast forms (silver stain). 


changes are nonspecific, save for the identification of 
the fungus. 


Candidiasis of the oral cavity is Known as oral thrush. 
lt is most commonly encountered in newborns who are 
bottle-fed; as the normal microflora develops only after birth, 
oral candidiasis may resolve without any treatment. In adults, 
it is often seen during therapy with broad-spectrum antibiot- 
ics. In immunodeficient and immunosuppressed individuals, 
particularly those with depressed T-cell function, oral thrush 
is often the first indication of impending dissemination. 
Vaginal candidiasis in adults may also arise in any of the 
above circumstances, but also is commonly encountered 
in otherwise healthy young women taking oral contra- 
ceptives or during pregnancy. The common forms of oral 
and vaginal candidiasis usually respond to topical therapy, 
but cutaneous eczematoid lesions may arise in moist wet 
areas of the skin, i.e., between the fingers and toes and in 
inguinal creases, inframammary folds, and the anogenital 
region. Microscopically, these lesions show nonspecific, 
acute, and chronic inflammation, with microabscesses, but 
in their chronic states granulomatous reactions may develop. 
Sometimes, hypersensitivity dermal reactions develop in 
sites remote from the infections, and are known as candidids 
or id reactions. The fingernails may develop chronic onychia. 


Candidiasis of the skin is often associated with 
diabetes mellitus or with exposure of the skin to exces- 
sive moisture. Burn victims are also predisposed to 
cutaneous colonization and infection. In most of these 
instances the cutaneous disease responds readily to 
treatment of the underlying condition and local therapy. 
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On the other hand, chronic mucocutaneous candidiasis, 
lacking obvious antecedents, is quite persistent and 
difficult to treat. The bases of this clinical pattern are 
quite heterogeneous. Some patients are found to have 
inherited or acquired defects in T cell-mediated im- 
munity manifested by cutaneous anergy, impaired pro- 
duction of lymphokines, or ill-defined serum factors that 
inhibit lymphocyte activation; others have defects in 
neutrophil and monocyte functions as well. In yet 
another group, there are inherited polyendocrine defi- 
ciencies (hypoparathyroidism, hypoadrenalism, and hy- 
pothyroidism). Persistent mucocutaneous candidiasis 
therefore requires careful investigation of its predispos- 
ing conditions. '** 

Severe, invasive candidiasis with visceral dissemi- 
nation is indicative of a serious underlying disorder 
associated with immunosuppression or with phagocyte 
depletion. The portal of entry into the blood may be a 
destructive superficial lesion such as esophagitis (Fig. 
8-33) or direct inoculation as previously discussed. 
Candidal sepsis may be less rampant than bacterial, but 
it eventually causes similar systemic manifestations, 
including shock and DIC. Although no organ is immune, 
the kidney, heart valves, lung, and liver are the most 
frequent targets of candidal sepsis. 


Renal involvement, seen in over 90% of invasive 
cases, is characterized by the presence of innumerable 
microabscesses in both the cortex and medulla. Microscop- 
ically, the yeast or pseudohyphal forms of the fungus can 
be seen to occupy the center of the lesion with a surrounding 
area of necrosis and polymorphonuclear infiltrate. Some 
may be found inside glomerular capillary loops. Candida 
endocarditis resulting from direct inoculation of the fungi 
into the bloodstream gives rise to large, friable vegetations 
that frequently break off and occlude large arterial branches, 
sometimes those of an extremity. In the lungs, Candida 
lesions are often extensive and polymorphous; they may be 
cannonball-shaped or irregular, and are often hemorrhagic 
and partly infarct-like owing to invasion of vascular walls. 
Meningitis, intracerebral abscesses, enteritis, endophthal- 
mitis, multiple subcutaneous abscesse§, arthritis, and osteo- 
myelitis are some of the other presentations of disseminated 
candidiasis. In any of these locations, the fungus may evoke 
little or no inflammatory reaction or may cause the usual 
suppurative response. In older or treated lesions, a granu- 
lomatous reaction is sometimes seen. Lesions indistinguish- 
able from those of disseminated candidiasis are occasionally 
caused by Torulopsis glabrata, normally a mouth commen- 
sal. This fungus does not produce thrush or dermatitis. It 
can be distinguished by the tiny size of its blastospores (2 
to 3 w), the only form in which it appears in tissues, or in 
culture. 

The diagnosis of Candida infection requires rea- 
soned judgment. It should be remembered that candi- 
dae are normal inhabitants of the sputum and moreover 
are often secondary invaders in other infections. There- 
fore, the mere culture of Candida albicans from oral or 
pulmonary lesions does not necessarily indicate a pri- 
mary candidal infection. The skin test with fungal anti- 
gens is of little diagnostic value since the organisms are 
so prevalent in the general population. Even candidemia 
and candiduria can be either transient or indica- 
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tive of systemic infection. Therefore, positive cultures 
must be interpreted in the light of patient status and 
the character of the lesions found, as discussed earlier. 
Similarly, the presence of humoral antibodies to candi- 
dal antigens is of little diagnostic value unless rising 
titers can be demonstrated. A diagnostic approach with 
some promise is the quantitative detection of fungal 
antigens in the circulation, but this is still in an exper- 
imental stage. Tissue diagnosis, of course, is definitive. 


Mucormycosis (Zygomycosis) 


Mucormycosis is an uncommon opportunistic fungal 
infection. The causative agents belong to the family of 
phycomycetes, or “bread mold fungi,’ of which three 
genera are the most important human pathogens— 
Rhizopus, Mucor, and Absidia. The resultant diseases 
are entirely similar and are collectively referred to as 
mucormycosis or zygomycosis. Their incidence has 
lately been increasing because this disease tends to 
occur in chronically, often fatally debilitated patients 
who are kept alive by current improved forms of ther- 
apy. Thus, mucormycosis is most often encountered in 
patients with diabetic acidosis, advanced malignancy, 
leukemia, lymphoma, or some immunodeficiency (in- 
cluding transplantation cases), and in those receiving 
broad-spectrum antibiotic, steroid, or cytotoxic therapy. 
Many of these infections are hospital acquired (nosoco- 
mial). 


The three primary sites of invasion are the nasal si- 
nuses, lungs, and Gl tract, depending on whether the spores 
(widespread in dust and air) are inhaled or ingested. When 
spores implant in the nasal cavities, the fungus may spread 
into the sinuses, orbit, and brain, giving rise to rhinocerebral 
mucormycosis. This form of the disease is most commonly 
but not exclusively seen in association with diabetic keto- 
acidosis. The phycomycetes, more than any other fungus, 
have a predilection for invading arterial walls and may thus 
permeate arteries to reach the periorbital tissues and cranial 
vault. A meningoencephalitis may follow or, in some cases, 
cerebral infarctions appear when the arterial invasions in- 
duce thrombosis. At other times the cerebral hemispheres 
are directly invaded by the fungi. Any of these localizations 
may lead to local infarctions or to hematogenous dissemi- 
nation. The nonseptate, wide (6 to 50 ) fungal hyphae with 
marked right-angle branching are readily demonstrated in 
the necrotic tissues, stained with H and E or special fungal 
stains (Fig. 8-34). 

Lung involvement may be secondary to rhinocerebral 
disease, or it may be primary in patients with hematologic 
neoplasms. Gastrointestinal mucormycosis can occur, 
usually in association with malnutrition, particularly in chil- 
dren. In the lungs and Gl tract the organisms show the same 
propensity for invading arterial walls. The tissue lesions 
consist of foci of suppurative necrosis in which hyphae can 
readily be identified. Occasionally, the fungi can be seen 
growing in tissues as if in culture medium without evoking 
an inflammatory reaction. 


Mucormycosis is a grave disorder because it is 
largely an opportunistic disease in an already mortally 


bulges, some segments showing the empty appearance character- 
istic of fixed specimens. Branching of hyphae is typically at 90 
degrees. The fungi sit amid crenated red cells and leukocytes in 
the lumen of a thrombosed vessel. 


ill patient. Occasional patients, especially those with 
nasal infections, have recovered following antibiotic 
therapy combined with surgery. 


Aspergillosis 


Several different diseases are caused by members 
of the genus Aspergillus, most commonly A. fumigatus 
and A. niger. These can be divided into three categories: 
(1) allergic, (2) colonizing, and (3) invasive. In addition, 
aflatoxin elaborated by A. flavus, a species not infectious 
for man, is an important liver poison and potential 
hepatic carcinogen (p. 936). 

Allergic aspergillosis may manifest itself as bron- 
chial asthma, similar clinically to other forms of extrinsic 
asthma. In nonatopic individuals, sensitization to the 
Aspergillus spores may produce an allergic alveolitis by 
inducing type III and type IV hypersensitivity reactions 
(p. 166). Both these forms of allergic aspergillosis result 
from inhalation of spores, without actual colonization of 
the respiratory mucosa. A third pattern, called allergic 
bronchopulmonary aspergillosis, is associated with hy- 
persensitivity arising from superficial colonization of the 
bronchial mucosa. Often this occurs in previously asth- 
matic patients, whose symptoms become more severe 
and chronic. 


Colonizing aspergillosis (aspergilloma) implies 
growth of the fungus in pulmonary cavities with minimal or 
no invasion of the tissues. The cavities usually result from 
preexisting tuberculosis, bronchiectasis, or old infarcts or 
abscesses. Proliferating masses of fungal hyphae called 
“fungus balls” can be seen as brownish masses lying free 
within the cavities. The surrounding reaction may be sparse 
or there may be chronic inflammation and fibrosis. Patients 
with aspergillomas usually have recurrent hemoptysis. 

Invasive aspergillosis is an opportunistic infection con- 
fined to immunosuppressed and debilitated hosts. The 
primary lesions are usually in the lung, but widespread 
hematogenous dissemination with involvement of the heart 
valves, brain, and kidneys is now increasingly common. The 
pulmonary lesions take the form of necrotizing pneumonia 
with sharply delineated, rounded gray foci with hemorrhagic 
borders, often referred to as target lesions. Since invasive 
aspergillosis is rapidly progressive, chronic granulomatous 
reactions are rarely seen. In the tissues, Aspergillus appears 
as septate filaments 5 to 10 pw thick, branching at more acute 
angles than Mucor. Its fruiting body resembles a holy water 
sprinkler (aspergillum), hence its name. Like the Phycomy- 
cetes, Aspergillus has a tendency to invade blood vessels, 
and thus areas of hemorrhage and infarction may be super- 
imposed on the suppurative tissue reactions. 


In addition to life-threatening deep invasion of the 
lungs, Aspergillus can produce primary lesions localized 
to the eyes, paranasal sinuses, and/or external ear in 
apparently healthy individuals. 

Invasive aspergillosis is now a common and serious 
hospital problem. It is difficult to diagnose because 
aspergilli are rarely demonstrable in the patient’s spu- 
tum or blood. It should be suspected in any severely 
debilitated person who suddenly takes a turn for the 
worse. The diagnosis usually depends on demonstration 
of the fungus in the tissues. Serology is of limited value 
but recent attempts to demonstrate Aspergillus antigens 
appear promising. Aspergillus spores are widely distrib- 
uted in the environment and the fungus is frequently 
cultured by simply exposing media to hospital air. 
Contaminated rooms are difficult to rehabilitate and are 
an obvious hazard for immunosuppressed patients. 


Cryptococcosis (Cryptococcus neoformans) 


Cryptococcosis may arise in healthy individuals, 
but more commonly it occurs as an opportunistic infec- 
tion, particularly in patients with leukemia, lymphoma, 
or Hodgkin’s disease. It is caused by Cryptococcus 
neoformans, a round-to-oval yeast about 5 to 10 wp in 
diameter that reproduces by unequal budding. It has a 
distinctive, very prominent, heavy, gelatinous capsule 
that creates an apparent clear halo about the agent in 
tissue sections or exudate (Fig. 8-35). A useful labora- 
tory aid in the identification of this organism is the 
introduction of India ink into exudate suspected of 
harboring these fungi. The ink provides a contrast 
medium that clearly outlines the heavy, translucent 
coat. The capsular polysaccharides also have a strong 
affinity for the mucicarmine stain, a helpful feature in 
tissue diagnosis. 
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Figure 8-35. Cryptococcal proliferation in Virchow-Robin perivas- 
cular space of brain—a “soap-bubble lesion” (PAS stain). 


Birds, especially pigeons, excrete infective crypto- 
cocci without themselves suffering disease. Inhalation 
of the infective forms is the usual mode of infection, 
and therefore the lung is the primary site of localization. 
However, pulmonary infection may remain mild and 
asymptomatic even while the fungus is spreading to 
other organs, most notably the CNS, for which it seems 
to have a special predilection. Clinically, therefore, the 
most frequent manifestation of cryptococcal infection is 
meningitis. Other forms, in order of severity, affect only 
the lung, or both lung and brain, or multiple dissemi- 
nated organs. 


The tissue response to cryptococcus is extremely vari- 
able.'** In immunosuppressed patients they may evoke vir- 
tually no inflammatory reaction, and gelatinous masses of 
fungi may develop as though in a culture medium. In normal 
reactors or protracted disease, the fungi often induce a 
chronic granulomatous reaction composed of macrophages, 
lymphocytes, and foreign body—type giant cells. Neutrophils 
and suppuration may also occasionally be seen. Thus, 
cryptococcal meningitis may disclose a pure culture of ge- 
latinous organisms without accompanying white cells. In 
about half the cases the infection extends into the brain 
substance about the perivascular spaces, and sometimes 
enters the gray matter to produce small cysts filled with 
Organisms and their mucinous secretions, the characteristic 
“soap-bubble” lesions (Fig. 8-35). Rarely, there is granu- 
lomatous arteritis of the circle of Willis. 

The lung involvement is equally variable. There may be 
One or more circumscribed foci or a diffuse pattern of 
infiltration. The lung nodules may be composed of “naked” 
masses of organisms or, more likely in chronic cases, 
granulomatous infiltrate. Similar involvement of hilar lymph 
nodes may be evident. Chronic infection, especially in pa- 
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tients without underlying immunodeficiency, may produce 
solid lesions that remain stationary and may be mistaken for 
tumors (cryptococcomas). From their primary sites crypto- 
cocci may disseminate widely by the bloodstream to the 
skin, liver, spleen, adrenals, bones or other tissues, usually 
in debilitated or severely immunosuppressed patients. 
Rarely, isolated lesions of the skin or of a joint are found 
without clear evidence of systemic invasion. 


INFECTIOUS DISEASES 


Pulmonary cryptococcosis can be differentiated 
from other lung infections by identification of the fungus 
in sputum (using the India ink technique) or at biopsy. 
CNS cryptococcosis has an insidious onset, characterized 
by headache, dizziness, or cranial nerve impairments. 
Usually the patient has little fever and sometimes the 
picture is misinterpreted as tuberculous meningitis. 
Diagnosis is aided by the demonstration of cryptococci 
in the CSF. Since the capsular antigens are shed in 
body fluids, their detection by the latex cryptococcal 
agglutinin test (LCAT) is an extremely valuable diag- 
nostic tool. This test is positive in the CSF of over 90% 
of cases of cryptococcal meningitis and therefore has 
improved early diagnosis and treatment, without which 
the mortality rate of cryptococcal meningitis is high. 
Even with the latest antifungal drugs, immunosup- 
pressed patients fare poorly, but the outlook is better 
for normal reactors. 


Blastomycosis (Blastomyces dermatitidis)* 


Blastomycosis is a chronic infection characterized 
by focal suppurative and granulomatous lesions, princi- 
pally in the lungs and skin. The disease is virtually 
limited to North America, particularly in the Missis- 
sippi-Ohio River basins and the Middle Atlantic states, 
but sporadic cases have been reported in Central and 
South America, as well as in Africa. Males are affected 
nine times more often than females. The causative 
organism assumes a yeast form in tissue lesions and is 
round-to-oval, 5 to 25 w in diameter with a thick 
refractile (double-contoured) wall. Symmetrically bud- 
ding forms generating daughter cells with a broad base 
(4 to 5 wp) are quite characteristic (Fig. 8-36). The 
source of infection and route of transmission to humans 
are still somewhat uncertain. There are only a few 
reports of recovery of this agent in soil samples from 
farms or woods. Small epidemics have occurred among 
hunters. The disease is acquired by spore inhalation 
and therefore its primary localization is in the lung. 
From here, hematogenous fungal dissemination may 
occur, most commonly to the skin and sometimes to the 
bones, but virtually any organ may be involved. Cuta- 
neous, osseous, or genital lesions are sometimes present 
without. apparent pulmonary involvement, but in all 
cases the portal of entry is believed to be the lung. 


Pulmonary blastomycosis may take one of several 
forms, most often that of a solitary focus of consolidation 
or of transient bilateral foci sometimes with involvement of 
regional nodes, simulating the Ghon complex of tuberculosis. 
These lesions usually heal, leaving behind a small fibrotic 
scar. Primary infection may be accompanied by erythema 
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Figure 8-36. Blastomycosis with a cluster of organisms, one of 
which is in the process of reproduction by budding. 


nodosum of the skin. Calcification of healed lesions, unlike 
those of tuberculosis or histoplasmosis, is uncommon. More 
rarely, progressive lung disease ensues, leading to miliary 
abscesses throughout the lung or to extensive focal consol- 
idation with formation of cavities. Histologically, some of 
these lesions are rich in neutrophils and abscess-like; others 
show tubercle-like granulomas; most have a suppurative 
center surrounded by epithelioid macrophages and giant 
cells. Grumous caseation necrosis occurs less commonly 
than in tuberculosis or histoplasmosis, with which the lesions 
may otherwise be confused. Histologic diagnosis depends 
on demonstration of characteristic double-contoured fungi, 
sometimes within giant cells. 

Skin involvement, with or without lesions in other 
organs, is frequent in the progressive form of blastomycosis. 
The cutaneous lesions tend to appear on the hands, face, 
feet, wrists, and ankles but eventually involve unexposed 
regions as well. They begin as indolent, chancre-like pap- 
ules, but over the course of weeks or months become large, 
fleshy, fungating ulcers with raised, red, verrucous advancing 
margins. With healing the central regions may become 
scarred and depressed, while the disease activity continues 
at the periphery dotted by numerous microabscesses. 
Grossly, these skin ulcers have sometimes been confused 
with carcinomas. Histologically too, the cutaneous lesion 
may be mistaken for malignancy owing to the striking pseu- 
doepitheliomatous hyperplasia, which can mimic squa- 
mous cell carcinoma. The epithelium is extensively thick- 
ened, showing irregular cellular proliferation. The rete pegs 
are broadened, extend down into the underlying sub- 
epidermal connective tissue, and appear to anastomose 
deeply. However, there is no anaplasia or invasive growth, 
as in true neoplasia. Microabscesses, granulomas, and 
hybrids of both lesions are seen chiefly in the dermis, but 


extend up into the epidermis. They are surrounded by 
exuberant granulation tissue. Fungi are usually plentiful in 
the microabscess-studded ulcer base, but may become 
sparse in healing skin lesions. 


The symptoms of pulmonary blastomycosis are non- 
specific and can resemble those of tuberculosis, other 
mycoses (especially histoplasmosis, which is endemic in 
the same regions), or lung tumors. The skin lesions may 
be confused with malignant ulcers. Diagnosis requires 
identification of the causative agent in exudates or tissue 
sections. When open lesions are present, diagnosis is 
best made by examination of KOH-treated sputum or 
bronchial aspirate.’ Skin tests and serologic proce- 
dures, although available, are of doubtful reliability. 
Self-limited forms of blastomycosis do not require anti- 
fungal drugs. Late progressive stages respond poorly to 
available drugs and have a high mortality rate. 


Paracoccidioidomycosis (South American 
Blastomycosis)* 


This fungal infection is focally endemic in the area 
extending between Mexico to the north and Argentina 
to the south, with most cases occurring in Brazil, 
Venezuela, and Colombia. It predominantly affects male 
agricultural workers. The yeast form of Paracoccidioides 
brasiliensis, the causative fungus, is large (10 to 60 w) 
and shows characteristic multiple budding around a 
mother cell, resulting in the formation of a fungal rosette 
or “ship’s wheel image.” The infection is acquired by 
inhalation, but pulmonary lesions are neither distinctive 
nor usually dominate the clinical picture. Much more 
commonly, extrapulmonary spread produces a muco- 
cutaneous lesion (often in the mouth, nose, or larynx), 
a spreading lymph node infection, or (sometimes) sys- 
temic dissemination. Infection of mucous membranes 
may take the form of an inflammatory papilloma that 
resembles the early stages of blastomycosis. Drainage 
from this lesion may give rise to a striking involvement 
of the regional nodes. Lymphadenopathy is sometimes 
encountered in patients who do not have a well-defined 
mucocutaneous lesion. When P. brasiliensis dissemi- 
nates, the skin, GI tract, lungs, liver, and other organs 
may be affected. In all these sites, microabscesses or 
granulomatous inflammatory reactions develop, resem- 
bling those of blastomycosis. The chief differential di- 
agnostic point is the demonstration of the much larger, 
double-contoured organisms that produce multiple 


buds. 


Coccidioidomycosis (Coccidioides immitis)* 


Coccidioidomycosis, caused by inhalation of the 
spores of Coccidioides immitis, is an acute or chronic 
infection that bears many similarities to tuberculosis. It 
commonly occurs as an acute, primary, self-limited 
pulmonary involvement with or without systemic man- 
ifestations, but in some cases progresses to disseminated 
disease. The primary pulmonary involvement is usually 
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asymptomatic or mild, but induces delayed hypersen- 
sitivity to the fungal antigens. In a few cases, progression 
or reactivation of the primary involvement leads to 
destructive lesions in the lungs or, more important, to 
disseminated disease throughout the body in a fashion 
reminiscent of progressive tuberculosis. 
Coccidioidomycosis is most prevalent in the South- 
west and Far West of the United States and is particu- 
larly common in the San Joaquin Valley of California; in 
this locale, it is sometimes known as “valley fever.” It 
also occurs in Mexico and parts of South America. Risk 
of infection is highest where carrier bats and birds have 
their nests. In tissue sections the fungus appears as a 
thick-walled, nonbudding spherule 20 to 60 w in diam- 
eter, often filled with small endospores (Fig. 8-37). 
Rupture of the spherule with release of endospores is 
the method of reproduction, but this tissue form is 


- noninfectious. In nature or artificial culture, reproduc- 


tion is by boxcar-like arthrospores, easily detached and 
disseminated by air. Extreme caution is needed in 
handling this dimorphic fungus in the laboratory. Ani- 
mals as well as man can be infected. 

Approximately 60% of patients with primary coc- 
cidioidomycosis are unaware of the infection. Only skin 
sensitization to coccidioidin or spherulin (fungal anti- 
gens) discloses the existence of a past or present infec- 
tion. Almost 80% of the population of the San Joaquin 
Valley are coccidioidin positive. In about 10% of patients 
the lung lesions evoke fever, cough, and pleuritic pains, 
accompanied by erythema nodosum or erythema mul- 
tiforme (i.e., the “valley fever” complex). 


Figure 8-37. Coccidioidomycosis with several microorganisms filled 
with endospores. One has been caught at the moment of rupture 
with release of daughter spores. 
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The presentation of primary pulmonary coccidioido- 
mycosis most commonly takes the form of a solitary gray- 
white focus of consolidation, 2 to 3 cm in diameter, in the 
middle or lower lung fields. Occasionally a more diffuse 
pneumonic consolidation or multiple scattered foci of con- 
solidation appear. Hilar lymphadenopathy may be present 
to mimic, with the parenchymal lesion, the Ghon complex of 
tuberculosis. More often, however, lymphadenopathy is ab- 
sent. 

Histologically, two reaction patterns are seen. In cases 
in which there is florid proliferation of fungi, the response 
tends to be suppurative. More often, in instances with slower 
rates of fungal reproduction, granuloma production occurs, 
closely resembling tubercles. Fungal spherules usually are 
readily evident in the macrophages or giant cells within the 
granulomas. When the spherules rupture to release the 
endospores, a pyogenic reaction is superimposed (Fig. 8— 
37). Similar granulomas may appear in the draining lymph 
nodes. With time these active lesions fibrose and calcify. 
Thus, in many patients, only the telltale radiographic calcifi- 
cations and positive skin reactions reveal the past existence 
of the infection. 


In the great majority of patients, even those who 
are symptomatic, the primary pulmonary form of the 
disease is self-limited, like primary tuberculosis. How- 
ever, about 0.2% of infected white males and twice as 
many black or Asian males develop progressive coccid- 
ioidomycosis, possibly because they fail to mount an 
adequate cell-mediated immune response to the primary 
disease. Such individuals do not have dermal hypersen- 
sitivity at the time of the spread of the disease. 


Anatomically, the progressive disease usually takes the 
form of more extensive focal involvement of the lungs, 
frequently accompanied by spread to other sites of locali- 
zation, principally the meninges, bones, adrenals, lymph 
nodes, spleen, and liver. In some patients, meningeal in- 
volvement may appear to be the sole localization. Progres- 
sive pulmonary coccidioidomycosis produces areas of gray- 
white consolidation, cavitation, scarring, and calcification, 
simulating progressive tuberculosis. A particularly “malig- 
nant” complication of this fungal infection is widespread 
miliary dissemination throughout the body. Coccidioidomy- 
cosis may involve the skin, possibly as a primary site, but 
more often as a manifestation of progressive disease in 
which the cutaneous involvement is only one site of hema- 
togenous dissemination. At all these sites the inflammatory 
response may be purely granulomatous, pyogenic, or mixed. 
Purulent lesions dominate in patients with the least resis- 
tance and with widespread dissemination. 


Most individuals with progressive disease have 
chills, fever, night sweats, weakness, and weight loss, 
accompanied by a cough productive of mucopurulent 
sputum. This sputum may harbor the pathognomonic 
microorganisms and thus permit a direct diagrrosis. 
Unlike several of the previously discussed fungal dis- 
eases, serologic tests are extremely valuable in estab- 
lishing the diagnosis. With the reactive antibodies, 
precipitin, latex particle agglutination, or immunodif- 
fusion tests are positive in virtually every symptomatic 
case. Complement-fixing antibodies in the CSF are 
diagnostic of coccidioidal meningitis. The skin tests with 


coccidioidin or spherulin are of value only in epidemi- 
ologic studies. The prognosis in coccidioidomycosis is 
generally favorable, but becomes increasingly grave with 
the systemic dissemination of the organisms and the 
development of infections in the bones or CNS, which 
require long-term antifungal treatment, itself a cause of 
many complications.’ 


Histoplasmosis (Histoplasma capsulatum) 


Infection by the dimorphic fungus H. capsulatum 
is a world-wide endemic condition almost rivaling the 
frequency of tuberculosis in the United States today, 
especially in the Ohio—Mississippi River region. It is 
acquired by dust inhalation from bird or bat droppings 
or from contaminated soil, and has been spread widely 
by birds such as pigeons or nesting starlings. The 
organism grows in mycelial form in soil or on special 
media at room temperature, producing sprouting co- 
nidia of two sizes. The smaller ones (microconodia) are 
easily detached, windborne, and infectious; the larger, 
tuberculate ones (macroconodia) are virtually diagnostic 
of H. capsulatum by their shape. At 37° C on agar or in 
mammalian tissues there is conversion to a primitive 2- 
to 5-w yeast form with a thin cell wall, but lacking a 
true capsule (despite the organism's misleading name). 
These yeast forms are best visualized with the methen- 
amine silver stain but are practically invisible in routine 
H and E sections. Neither they nor the patient bearing 
these forms can transmit the infection. 

The clinical presentations and morphologic lesions 
of histoplasmosis strikingly parallel those of tuberculosis 
and coccidioidomycosis. Depending on host resistance 
and immunocompetence, the fungus may induce: (1) 
latent asymptomatic infection; (2) self-limited primary 
pulmonary involvement; (3) chronic, progressive, even 
cavitary pulmonary disease; (4) rapid, widely dissemi- 
nated systemic involvement, and (5) localized lesions in 
one or more organs. 

Latent or asymptomatic histoplasmosis can be dis- 
covered only by the finding of fibrocalcific residues at 
sites of past localization of the organisms, most often 
the lungs or hilar lymph nodes, accompanied by a 
positive histoplasmin skin test (analogous to the tuber- 
culin test). In contrast to the Ghon complex of tuber- 
culosis (p. 344), latent histoplasma foci are often multi- 
ple. 

Primary pulmonary histoplasmosis is the most com- 
mon clinical presentation. It occurs in otherwise healthy 
individuals (usually adults) as a mild, self-limited, febrile 
respiratory infection. Chest x-rays reveal hilar adenop- 
athy with or without one or more focal pulmonary 
parenchymal shadows. Erythema nodosum or erythema 
multiforme sometimes appear, more commonly in fe- 
males than in males. Rarely, this pattern is complicated 
by pericarditis arising by spread of the infection from 
adjacent involved nodes. 

Chronic pulmonary histoplasmosis is the counter- 
part of secondary tuberculosis. It is characterized by 
uni- or bilateral apical infiltrates that may progressively 


enlarge and cavitate as the disease spreads throughout 
the lung fields. Preexisting chronic lung disease favors 
the spread of infection. The most common clinical 
manifestations are cough, fever, night sweats, and 
weight loss. Death may occur from progression of the 
pulmonary lesions, dissemination of the infection, cor 
pulmonale, or bacterial superinfection. However, about 
one-third of cases spontaneously improve, usually those 
with limited apical involvement. 

Disseminated histoplasmosis may follow either pri- 
mary or chronic pulmonary disease, but more often 
appears as an acute, relentlessly progressive infection 
in the very old, the very young, or those with impaired 
cell-mediated immunity. Characteristically, these pa- 
tients have fever, generalized lymphadenopathy, ab- 
dominal symptoms, hepatosplenomegaly, wasting, ane- 
mia, leukopenia, and thrombocytopenia and may 
become jaundiced owing to extensive hepatic involve- 
ment. Often, meningitis becomes the dominant feature 
of the disease. This overwhelming dissemination of the 
fungi is often associated with anergy to histoplasmin. 

In addition to these three classical clinical patterns, 
histoplasmosis sometimes presents in other ways. 
Rarely, extension of infection from mediastinal nodes 
gives rise to progressive scarring and contraction of the 
mediastinal structures—sclerosing mediastinitis—even 
as fungi become quite scarce. Compression of nerves, 
pulmonary veins, pulmonary arteries, superior vena 
cava, and esophagus may occur. More commonly, heal- 
ing or healed, calcified or noncalcified, sometimes Jam- 
inated pulmonary coin lesions or hilar lesions come to 
clinical attention on chest radiographs in the absence of 
other signs or symptoms. When solitary, these are called 
histoplasmomas and must be differentiated from other 
pulmonary granulomas and tumors (Fig. 8-38). Rarely, 
calcified histoplasmomas lacking viable fungi erode into 
a bronchus, and patients cough up the calcified debris 
(broncholithiasis). Diagnosis of such lesions is usually 
made after surgical excision by demonstration of the 
residual fungal cell walls on silver staining. Another 
uncommon presentation of histoplasmosis is the devel- 
opment of active localized disease in scattered organs. 
Thus, bilateral adrenal destruction may coexist with or 
follow only minor respiratory involvement and can lead 
to adrenal insufficiency (Addison’s disease) (p. 1235). 
Endocarditis, chronic meningitis, granulomatous hepa- 
titis, or gastrointestinal ulcerative involvement have all 
been reported. 


In otherwise healthy adults, histoplasmosis is charac- 
terized by the formation of epithelioid cell granulomas at the 
sites of localization of the fungus. These granulomas usually 
undergo coagulative necrosis and coalesce to produce larger 
areas of consolidation, but they may also liquefy to form 
cavities.'97 With spontaneous or drug control of the infection, 
the lesions undergo fibrosis and often calcification. Histologic 
differentiation from tuberculosis, sarcoidosis, and coccidioi- 
domycosis requires identification of the yeast forms that 
persist in the lesions for many years even into the calcific 
stage. The macroscopic lesions of active granulomatous 
histoplasmosis in the lung and hilar lymph nodes appear 
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Figure 8-38. Histoplasmosis. Laminated granuloma of lung—a 
stationary disease form. 


as gray-white foci of consolidation and scarring. In the 
chronic pattern of disease these lesions are usually apical, 
with retraction and thickening of the apical pleura. Further 
progression involves more and more of the lung paren- 
chyma, focally, sometimes with cavity formation, albeit 
somewhat less often than in tuberculosis. In fulminant 
disseminated histoplasmosis, epithelioid cell granulomas 
are not well formed but instead there are focal accumulations 
of activated mononuclear phagocytes stuffed with fungal 
yeasts throughout the tissues and organs of the body. The 
cells of the reticuloendothelial system in particular become 
overloaded with yeast forms, reminiscent of kala-azar (Fig. 
8-39) (p. 372). 


The clinical diagnosis of histoplasmosis depends 
largely on awareness of its protean presentations. The 
histoplasmin skin test is helpful but may be falsely 
negative in those with overwhelming infection. Tests 
for Histoplasma antibodies, although available, suffer 
from a large proportion of false-positive and false-nega- 
tive results. Definitive diagnosis is best made by culture 
(which may, however, require up to four weeks) or by 
direct demonstration of the characteristic small yeast 
forms in tissues or smears that must be differentiated 
from the yeast forms of Candida and torulopsis.!** Too 
often in the past, Histoplasmosis has been mislabeled 
as tuberculosis. 


Unusual Deep Fungal Infections* 


Among the many rare and tropical deep fungal 
infections,'” only two will receive brief mention here. 
Mycetomas are localized deforming tumefactions with 
multiple draining sinuses, most commonly of the foot 
(Madura foot).'* Many fungal species can cause these 
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Figure 8-39. Disseminated histoplasmosis in a lymph node. The 
central phagocytes are stuffed with minute fungal yeasts. 


lesions, as well as some of the Actinomycetes, and their 
etiologic diagnosis is in the realm of specialized mycol- 
ogy. The commonest cause in Central and North Amer- 
ica is Nocardia brasiliensis (p. 349). Characteristic of 
mycetomas is the aggregation of fungi in masses or 
“grains analogous to the sulfur granules of Actinomyces 
(p. 349). By the time mycetomas are seen, the deep 
tissues and underlying bones and joints are usually 
involved and surgical therapy is necessary. 

Chromomycosis causes large, warty, ulcerative skin 
lesions of the extremities with pseudoepitheliomatous 
epidermal hyperplasia. It occurs in the rural areas of 
the Caribbean, including Puerto Rico, and is due to a 
group of fungi forming pigmented spores and hyphae, 
most often Fonsecaea pedrosoi. This condition may be 
confused with a skin tumor. 


SUPERFICIAL FUNGI (DERMATOPHYTES) 


These infections of the epidermis, hair, or nails by 
fungi that generally spare the deeper tissues are de- 
scribed in Chapter 27. They rarely are life threatening 
but the unsightly skin lesions, hair loss, and itching can 
cause great distress to those affected. In most cases, the 
causal fungus can be visualized if not identified by 
microscopic examination of skin scrapings and_ hair 
shafts. 

Dermatophytes are classified largely on the basis of 
their preference for the hairy or glabrous skin, and 
whether they localize in moist or dry skin areas. Tinea 


is caused by fungi of the Trichophyton and Microsporum 
groups and named according to its location, e.g., tinea 
capitis (of the head) or barbae (of the bearded area). 
Especially well known is tinea pedis (athlete's foot), an 
itching infection spreading from the interdigital folds to 
the soles of the feet, which can give rise to distant 
hypersensitivity reactions that can become incapacitat- 
ing. Several forms of superficial mycosis are grossly 
distinctive, such as piedra, manifested by dark, hard 
nodules of the hair shafts, but identification by culture 
is necessary since treatment of these conditions varies 
according to species. 

Onychomycosis, (fungal infections of nails) can be 
caused by Candida sp. as well as by Trichophyton and 
other dermatophytes. Likewise, otomycosis can be 
caused by the potentially invasive species—Candida or 
Aspergillus. 


PROTOZOAL DISEASES 


Parasitic protozoa (Table 8-7) are among the fore- 
most causes of disease and death in developing coun- 
tries. They are also widely prevalent in U.S. and other 
industrial nations, but are less often lethal. Unlike lower 
forms, pathogenic protozoa are motile, favoring both 
invasion and evasion. They do not, however, secrete 
exotoxins, as can certain bacteria. Their reproductive 
life cycles and host adaptations are more complex than 
those of bacteria and fungi, and have just begun to be 
understood at the biochemical and molecular level, 
raising hopes of eventual control.?°° We shall divide 
them here into: (1) mucosal (or luminal), (2) blood- 
stream, and (3) intracellular pathogens, although some 
life cycles may bridge these categories. 

Luminal protozoa, like human mucosal bacteria, 
include both commensals and parasites; some are op- 
portunistic invaders. Several harmless amebic species 
inhabit the human gut (e.g., Entamoeba coli) and must 
be differentiated from the pathogenic E. histolytica. 
Within the latter species, strain differences clearly in- 
fluence amebic virulence.”! The harmful effects of 
entamoebae on cells, both in vivo and in vitro, appear 
to be exerted only over a short range or by direct 
contact.” °° Lectin-like ligands have been concen- 
trated from pathogenic amebic cultures that could facil- 
itate target cell binding. The protozoa appear to open 
tiny channels in the plasma membrane of the host cell, 
leading to electrolyte imbalance and lysis.2“ The host 
cell remnants can then be ingested by the amebae. This 
lytic process helps to explain the relatively mild inflam- 
matory responses characteristic of destructive amebic 
lesions (hence, the name E. histolytica). Similar short- 
range effects have been postulated for the cell damage 
caused by Giardia lamblia and Pneumocystis,?°> 2° but 
these interactions are still quite poorly understood. 

Host defenses are equally important in determining 
the outcome of luminal parasite-host interactions. Cor- 
tisone therapy sometimes transforms amebiasis from a 
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Table 8-7. PROTOZOA PATHOGENIC FOR HUMANS 


Species Order Form, Size* Disease 
Luminal 
Entamoeba histolytica Amebae Trophozoite 15—50 uw (cyst slightly Amebic dysentery 
smaller) Liver abscess 
Balantidium coll Ciliates Trophozoite 50-100 wp Colitis 


Naegleria fowleri 
Acanthamoeba sp. 


Ameboflagellates 
Ameboflagellates 


Trophozoite 10-20 w 
Trophozoite 15-30 pw 


Meningoencephalitis 
Same or Ophthalmitis 


Giardia lamblia Mastigophora Trophozoite 11-18 (cyst slightly Diarrheal disease 
smaller) Malabsorption 
Isospora belli Coccidia Oocyst 10-20 p Chronic enterocolitis and/or 
Cryptosporidium sp. 5 Oocyst 5-6 malabsorption 
Trichomonas vaginalis Mastigophora Trophozoite 10-30 Urethritis, vaginitis 
9 


Pneumocystis carinii 

Bloodstream 

Plasmodium vivax 

P. ovale 

P. malariae 

P. falciparum . 

Babesia microti, bovis Hemosporidia 

Trypanosoma brucei, Hemoflagellates 
rhodesiense, gambiense 

Intracellular 

Trypanosoma cruzi 


Hemosporidia 


w” 


Hemoflagellates 


Leishmania donovani 
Leishmania tropica, 
mexicana, brasiliensis 


Hemoflagellates 
Hemoflagellates 


Trophozoite 6-8 yp, cyst 4-6 wp 


Trophozoites, schizonts, gametes 
(all small and inside red cells) 


Trophozoites inside red cells 
Trypomastigote 14-33 yw 


Trypomastigote 20 » (amastigote 


Opportunistic lung infection 


Benign, tertian malaria 


Quartan malaria 
Malignant tertian malaria 
Babesiasis 

African sleeping sickness 


n” 


Chagas’ disease 


smaller) 
Amastigote 2 p» Kala-azar 
Amastigote 2 » Cutaneous and mucocutaneous 
leishmaniasis 
Tachyzoite 4—6 (cyst larger) Toxoplasmosis 


Toxoplasma gondii Coccidia (Eimeriae) 


*Found in human host. 


moderate to a severe infection.” Pneumocystis pneu- 
monia in adult patients is virtually unheard of in the 
absence of immunosuppression.”” Mild or subclinical 
luminal infections constitute the vast endemic back- 
ground upon which severe protozoal disease occurs only 
episodically. As a rule, host immune responses are not 
greatly challenged by luminal parasitic infections; thus, 
antibodies to E. histolytica are regularly found only 
when invasive disease is present and amebic reinfections 
are quite frequent. Loss of normal host immune defense 
greatly facilitates progressive or lethal mucosal protozoal 
disease. 

Bloodstream protozoa as a group are extraordinarily 
infective. Thus, a single Rhodesian trypanosome, when 
inoculated into a susceptible mouse, can kill the animal 
within a few days. Humans, too, sometimes succumb 
to this parasite acutely within a few weeks.” However, 
propagation of the parasite species is better served by 
a more lasting equilibrium between host immune re- 
sponses and the evasive maneuvers of the parasite. 
Thus, infections by African trypanosomes soon evoke 
strong host immune responses, but the trypanosomes 
evade these by programmed antigenic variation and 
survive, ultimately to penetrate the blood-brain barrier 
and cause chronic sleeping sickness. Certain malarial 
sporozoites early during infection take refuge in hepa- 
tocytes, where these “hypnozoites’ remain dormant 
until they reemerge to cause relapses.”!° During active 
infection, malarial trophozoites are partly protected from 
lethal host antibody within red cells. While thus tem- 
porarily sheltered, they somehow dampen the host’s 


specific immune responses, meanwhile generating var- 
iant antigenic clones.”!! Binding of plasmodia to red 
cells is ensured by specific receptor molecules, and 
their entry by induction of a vacuole in red cells.”” 

The mechanisms by which blood and tissue para- 
sites cause damage and destroy cells are quite diverse. 
Malarial trophozoites damage red cells by actively me- 
tabolizing their heme, thereby generating waste pig- 
ments that are found in many of the characteristic lesions 
of malaria. In malignant tertian malaria, parasitized red 
cells develop tiny surface knobs, rendering them adhe- 
sive to vascular endothelium. Small vessels within vis- 
cera and the CNS thus become plugged with parasitized 
red cells, inducing severe microvascular disturbances. ?'* 
During their acute, uncontrolled proliferation, both 
malarial and trypanosomal organisms can elicit severe 
systemic effects such as shock, pulmonary edema, and 
DIC. Activation of host mediators such as the kinins 
and lipoxygenase products has been shown to occur,?"* 
but the responsible parasite products have not yet been 
identified with certainty. 

Intracellular protozoa behave much like intracel- 
lular rickettsiae or chlamydiae. Leishmanias propagate 
exclusively in macrophages, which phagocytize them. 
The survival of the parasite within the phagolysosomes 
of these cells is attributed to their surface glycoprotein 
products and enzymes known as “excreted factors.”!” 
Little is yet known about the tropisms of intracellular 
protozoa, but temperature sensitivity is important in 
determining leishmanial localizations.?!© Trypanosoma 
cruzi and Toxoplasma gondii actively invade parenchy- 
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mal cells, including those of the myocardium. Intracel- 
lular survival of parasites is accomplished either by their 
escaping from phagolysosomes into the host cell cytosol 
or by their altering primary phagosomal membranes to 
thus block fusion with lysosomes.*’’ Each parasite ap- 
pears to have a unique mechanism for intracellular 
survival. The virulence of intracellular protozoa is 
closely linked to their ability to proliferate within cells, 
sometimes literally causing cells to burst and die. Alter- 
natively, they may reduce a host cell to a membranous 
cyst-envelope.”!* When host immunity is normal such 
cell destruction is usually focal and piecemeal, but when 
response is inadequate (as in infants, the elderly, and 
the immunosuppressed) parasitic proliferation can be 
virtually unrestrained and the severity of the disease 
thereby heightened.*'® 

Host defense against intracellular parasites is 
largely dependent on cell-mediated mechanisms. Acti- 
vated macrophages are the major or, in the case of 
leishmaniasis, the sole immune effectors known. With 
Trypanosoma cruzi and Toxoplasma gondii,?!® humoral 
antibodies may play capacitating or auxiliary roles. Even 
when not protective, parasite-specific antibodies are 
diagnostically helpful in intracellular protozoal infec- 
tions. Moreover, long-sustained stimulation of the host 
immune system by intracellular parasitism may induce 
antibodies reactive with host endothelia or with the 
ground substance component laminin, such as appear 
in chronic Chagas’ disease.*2° Advanced stages of visceral 
leishmaniasis result in an even more profound derange- 
ment characterized by suppressed cell-mediated im- 
munity, together with polyclonal B-cell stimulation and 
marked hyperglobulinemia.””! Thus, the pathogenesis of 
intracellular protozoal disease is partly controlled and 
modulated by the immune system of the host. 

Much more has recently been learned about pro- 
tozoan-host interactions and is well reviewed in a mon- 
ograph.?” 


INFECTIOUS DISEASES 


LUMINAL PROTOZOA 


Amebiasis (Entamoeba histolytica) 


Amebiasis is primarily an infection of the colon, 
followed in some cases by spread to the liver, lungs, 
and brain. The disease is limited to human and nonhu- 
man primates and ranges from mild chronic diarrhea in 
cases with minimal colonic involvement to severe purg- 
ing dysentery in those with extensive ulcerations of the 
colonic mucosa. Far more common than symptomatic 
amebiasis is the entirely asymptomatic carrier state, the 
reservoir responsible for transmission of the disease. 

The responsible organism, E. histolytica, is a de- 
ceptively simple trophozoite (15 to 40 wm in diameter) 
with a relatively small nucleus, distinctive by its tiny 
central karyosome and aggregated RNA-DNA at the 
nuclear membrane and by its bubbly cytoplasm contain- 
ing many glycogen rosettes (Fig. 8-40). The outer 
cytoplasmic zone (“ectoplasm’”) is clear and forms pseu- 
dopods. The parasite derives its energy largely from 


parasites is shown. Arrow points to an ameba with a phagocytized 
red cell. 


anaerobic glycolysis. Mitochondria, typical lysosomes, 
Golgi bodies, and rough endoplasmic reticulum are 
lacking. Because E. histolytica is actively phagocytic 
and may contain red-cell or other cell debris, it can be 
confused with host macrophages, but in its fresh state 
its motility is much more explosive; it also differs from 
the nonpathogenic intestinal amebae (E. coli, E. nana, 
and others) by its nuclear characteristics and its red 
cell ingestion. Under unfavorable conditions, E. histo- 
lytica forms a quadrinucleate cyst that survives in the 
outer environment. This is the infective form that 
reverts in the gut to the motile trophozoite after diges- 
tion of the cyst wall by gastric juice, thus completing 
the parasite’s simple life cycle. Asymptomatic infected 
persons are called cyst-passers. 

Entamoeba strains differ greatly in virulence; those 
with small, temperature-insensitive trophozoites are 
considered nonpathogenic. It therefore is not known 
what proportion of the population of cyst-passers is 
capable of transmitting amebic disease. In the U.S. and 
Europe, cyst-passers do not exceed 3 to 5% of adults 
and children. In 1980 only about 5000 cases of clinical 
intestinal amebiasis were reported in the U.S. (if, in- 
deed, reliably identified),”> but the trend over the last 
decade has been upward and there is now a resurgence 
among travelers, refugees, immigrants, and urban ho- 
mosexuals.*** High endemicity persists in many devel- 
oping, though not necessarily tropical, communities. 
Mortality rates continue especially high in Mexico, 
Colombia, and India. Fecal contamination of food and 
water is the mode of transmission. 


The cecum and ascending colon are affected most 
often, followed in order by the sigmoid, rectum, and 
appendix. However, in severe, full-blown cases the entire 
colon is involved. The amebae invade the crypts of the 
colonic glands and then burrow through the tunica propria, 
but are usually halted in their progress by the muscularis 
mucosae. At this level, they fan out laterally to create a 
minute undermined ulceration having a flask shape, i.e., a 
narrow neck and broad base. As the undermining pro- 
gresses, the overlying surface mucosa is deprived of its 
blood supply, and sloughs. In this fashion, progressively 
larger ulcerations are produced that maintain their typical 
undermined shape and fairly clean bases. 

The earliest amebic lesions seen in man and experi- 
mental animals are accompanied by neutrophilic responses, 
but later ulcers are often notoriously poor in host inflam- 
matory cells because the tissue destruction is due 
largely to liquefactive necrosis. Yet, occasionally, ad- 
vanced amebic gut lesions have vigorous inflammatory re- 
actions, perhaps initiated by bacterial superinfection.27° Only 
rarely do the ulcerations coalesce to denude entire segments 
of the bowel mucosa. The mucosa between ulcers is often 
normal or mildly inflamed, in contrast to chronic ulcerative 
colitis (p. 859). Penetration of the bowel wall is rare but may 
occur, especially in children or immunosuppressed patients. 
An amebic peritonitis ensues. Another less common lesion 
is the ameboma, a napkin-like constrictive lesion that rep- 
resents a profuse granulation tissue response sometimes 
confused grossly and radiologically with a tumor of the 
colon.?26 

In about 40% of autopsy cases, amebae penetrate 
vessels and are drained to the liver to produce solitary, 
less often multiple, discrete abscesses, some exceeding 
10 cm in diameter. They have a very scant inflammatory 
reaction in their margins and only a shaggy fibrin lining. 
Because of hemorrhage into the partially digested liver 
debris, the abscess cavities are sometimes filled with a 
chocolate-colored, relatively odorless, pasty material often 
likened to anchovy paste, but the abscess contents can be 
of any color and secondary bacterial infection may convert 
these lytic lesions into frank suppurative abscesses. Solitary 
abscesses are most frequent in the right lobe. Following the 
development of hepatic lesions the lung may become in- 
volved, either by drainage of parasites through the blood 
vessels or by their direct penetration through the liver cap- 
sule, diaphragm, and pleural cavities to enter the lung 
parenchyma, again usually on the right side. Extension into 
the pericardial sac from a left-sided liver abscess or the 
formation of bronchopleural fistulas occurs in similar fashion. 
In other cases, infection may spread into the kidney, stom- 
ach, and duodenum or reenter the colon. One or several 
abscesses may develop in the brain by embolic dissemina- 
tion of the amebae. In all sites of localization the reaction 
is that of local lysis of tissues accompanied by a scant 
inflammatory infiltrate, principally of mononuclear cells. 
Rarely, amebic cutaneous ulcers arise in the margins of a 
surgical wound of a patient who has had intestinal surgery 
during an active infection, or these may spontaneously arise 
in the perineum of a patient with neglected ulcerative rectal 
lesions. Rarely, they occur on the penis as the result of anal 
intercourse. 


Important clinical features are as follows: (1) The 
intestinal manifestations of amebiasis range from acute 
to chronic, and from mild or no discomfort to classic 
dysentery with tenesmus and bloody stools. Invasive 
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colonic amebiasis is rarely painless; usually there is 
cramping pain. (2) There may be long intervals between 
the travel that led to infection and the appearance of 
acute symptoms, during which the patient may either 
be symptom free or complain of only mild episodes of 
alternating constipation and diarrhea. (3) Liver, lung, 
or brain abscesses may present as solitary lesions in the 
absence of intestinal symptoms. (4) One of the clinical 
signs of an amebic liver abscess is exquisite tenderness 
at its point nearest the liver capsule. (5) Lung abscesses 
tend to evacuate via the bronchi, leading to massive 
coughing-up of chocolate-colored material lacking the 
repulsive malodorousness of anaerobic bacterial lung 
abscesses. (6) A high unilateral paralyzed diaphragm 
with basilar pleural effusion is a valuable radiographic 
sign of a liver abscess on that side. (7) Punctate ulcers 
of the lower colon in the face of intervening areas of 
normal mucosa may be a good proctoscopic clue sug- 
gesting amebic colitis but, in the final analysis, only the 
reliable identification of entamoebae in the lesions by 
an expert observer lends security to diagnosis. A number 
of serologic tests, including immunofluorescence and 
complement fixation, have shown good sensitivity and 
specificity and can be of great help, but only in the 
invasive and extraintestinal forms of amebiasis.””’ 

Severe complications of amebiasis have followed 
surgical intervention for presumptive appendicitis or 
diverticulitis.”8 Cutting through the infected tissues will 
disseminate the parasite unless this is prevented by 
vigorous concurrent antiamebic drug treatment. Drug- 
resistant strains, however, have recently been spread- 
ing. Similarly, amebic gut perforation or systemic infec- 
tion can follow if a patient with active colitis is given 
corticosteroids for presumed idiopathic ulcerative coli- 
tis. 

Balantidium coli (Table 8-7) is a large, ciliate 
intestinal parasite prevalent in pigs, rats, and primates. 
It occasionally infects man, causing lesions very similar 
in type to those of acute E. histolytica infections.?* 
Balantidiasis occurs mostly in the tropics, among mal- 
nourished individuals; in the U.S., cases have been 
reported from prisons and institutions for the mentally 
retarded. 


Amebic Meningoencephalitis 


Only in 1965 did it become known that the free- 
living ameboflagellate Naegleria fowleri could cause an 
acute meningitis by entering the arachnoid space 
through the perforated cribriform plate of the nose.°® 
Acanthamoeba, another free-living species able to in- 
duce cytopathic effects in tissue culture,” also has 
caused sporadic cases of human meningoencephalitis, 
mainly in immunosuppressed patients.”° The aggregate 
yearly number of such cases in the U.S. is fortunately 
quite small, but Naegleria can kill a healthy youngster 
within a few days despite all medical efforts. In amebic 
meningoencephalitis there is usually a history of pro- 
longed diving into stagnant waters. In the U.S., lakes 
and impoundments from Virginia southward have been 
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the main sources of infection, but in Europe chlorinated 
swimming pool infections have also been reported. 
Currently it is not clear what factors induce virulence 
in naegleriae, which are ordinarily innocuous and widely 
distributed in nature. Thermal pollution is suspected to 
be a factor, and if this is true the number of cases is 
likely to increase. 

Incubation takes about five to six davs. Neurologic 
deficit and coma progress rapidly, accompanied by 
fever, severe bifrontal headache, nausea, vomiting, and 
stiff neck. The CSF shows elevated protein, normal or 
low sugar, and pleocytosis as in bacterial meningitis, 
but red cells are copious and part of the cell count is 
often contributed by the proliferating amebae, which. 
may not be recognized by the examiner or Coulter 
counter.° 


INFECTIOUS DISEASES 


In CSF smears or tissue sections, these amoebae 
microscopically resemble human cells even more than do 
entamoebae. They have a relatively large nucleus, small 
cytoplasmic mass, and may easily be mistaken for round 
cell infiltrates or tumor cells. However, in fresh preparations 
or cultures their motility is characteristic. Pathologic lesions 
are limited to the olfactory nerves and brain. There is 
clouding of the meninges with focal hemorrhages, often 
accompanied by extensive fibrinoid necrosis and thrombosis 
of blood vessels. There may also be necrosis of nerve 
tissue. 


Several cases of chronic keratitis of the eye due to 
Acanthamoeba-induced ulceration have been reported 
in adult patients in the absence of CNS involvement 
and have proved difficult to cure.””! 


Giardiasis (Giardia lamblia) 


Intestinal flagellates of the Giardia group infect 
both animals and humans; infections of cats and beavers 
may possibly be transmitted to humans. The human 
parasite, G. lamblia, is the world’s most prevalent 
pathogenic gut protozoan, especially if both asympto- 
matic and symptomatic infections are counted. Giardia 
trophozoites live in the duodenum and give rise to the 
only other life form, infective cysts that are intermit- 
tently shed into the stools. Estimates of prevalence by 
stool examination therefore err on the low side. Re- 
cently, 15% of random sera from residents of one city 
in the U.S. had antibodies specific for G. lamblia,*” but 
even in Bolivia, where more than 50% of stools contain 
Giardia or its cysts, only a fraction of infected people 
concurrently experience diarrhea, and only a small 
segment of the latter develop prolonged or recurrent 
digestive troubles or the intestinal malabsorption syn- 
drome. Contaminated drinking water is the usual source 
of cysts. In many cities such as Leningrad and Moscow, 
the tourist returns home with diarrhea, while the natives 
seem unaffected, whether shedding Giardia cysts or not. 
By contrast, when a previously safe water system is 
contaminated, epidemics can be community wide. Such 
observations strongly suggest that predisposing host 
factors are important in Giardia pathogenesis.** Severe 


giardiasis is sometimes seen in patients with low serum 
IgA or with low overall immunoglobulin levels, but is 
not limited to these groups. Young children in day care 
centers or living in institutions have high Giardia infec- 
tion rates, but again only 17% of the infected 1- to 3- 
year-olds have significant disease.?** Indeed, there is 
evidence that the youngest children derive protection 
from maternal breast-feeding, but not from cow’s milk. 
In parts of Latin America where Giardia prevalence 
reaches 50% or more, diarrhea and malabsorption are 
in fact more common in older children and adults, but 
other intestinal parasites and pathogens may cloud the 
issue. Even normal persons in these areas show blunting 
of intestinal villi and hypercellularity of the lamina 
propria that would be interpreted as malabsorptive 
changes in the U.S. In sum, our understanding of 
giardiasis remains quite limited, and even the basic 
issue of how the parasite damages the host gut is still 
unresolved. 

Giardia lamblia trophozoites are pear shaped and 
binucleate, and in smears, when looked at en face, have 
a surrealistic, siren-like appearance. On cross section, 
however, they are sickle shaped and their concavity 
holds the brushlike sucker plate best seen by electron 
microscopy. These plates are the parasite’s means of 
epithelial attachment. Trophozoites appear in the stools 
only during diarrheal episodes. At other times they are 
replaced by smaller, quadrinucleate ovoid cysts, some- 
times mistaken for parasite eggs. Diagnostic duodenal 
aspiration is much more reliable than stool examination. 
An ELISA test for Giardia antigens in stools has recently 
become available. 


Duodenal biopsies are often teeming with Giardia organ- 
isms lining the surface of the epithelial brush border, but the 
intestinal morphology may range from virtually normal to 
markedly abnormal. Most commonly there is clubbing of villi 
and a decreased villus-crypt ratio, with a mixed inflammatory 
infiltrate of the lamina propria. The brush borders of the 
absorptive cells appear damaged on electron microscopy.” 
Sometimes there is virtual absence of villi, resembling the 
atrophic stage of gluten-induced enteropathy (p. 847). In 
giardiasis with immunoglobulin deficiencies, follicular hyper- 
trophy of the mucosal lymphoid tissue has been a frequent 
finding, but the same syndrome can occur without such 
changes.'** In some cases a scarcity or absence of plasma 
cells in the lamina propria has been noted. 


Mild indigestion or diarrhea may be the only symp- 
toms of pathogenic Giardia infection; more suggestive 
is copious, watery diarrhea lasting days or weeks with 
flatulence and cramps followed by bulky, semisolid, 
malodorous stools, sometimes recurrent. Chronic giar- 
diasis can cause malabsorption and weight loss or growth 
retardation as well as lactose intolerance and disaccha- 
ridase deficiency. Protein and fat loss can be consider- 
able and vitamin B,, deficiency may occur,” but the 
disease is virtually never fatal. All too often the diagnosis 
is delayed until empirical treatment for other presumed 
agents has proved ineffective. G. lamblia responds well 
to several antiparasitic drugs. 


Infections by Cryptosporidium and Isospora spp. 


These two rare parasites can cause diarrheal and 
malabsorption syndromes resembling those caused by 
Giardia, but they belong to entirely different species. 
Cryptosporidium is a tiny parasite whose micro- and 
macrogametes, arrayed along the brush border of the 
gut epithelium, resemble globs of basophilic mucus (Fig. 
8-41), and it therefore seems likely that this infection 
is often unrecognized. Most well-studied cases have 
occurred in immunosuppressed patients, particularly in 
the AIDS syndrome (p. 208).”” Diarrhea in these cases 
has been chronic and debilitating, and has responded 
poorly to all kinds of therapy. The disease has usually 
been diagnosed by biopsy or electron microscopy, al- 
though the parasites can be visualized quite readily in 
stool filtrates by a sucrose flotation method. 

Isospora belli, I. hominis and I. natalensis are 
intracellular parasites of the phylum Coccidia, wide- 
spread parasites of mammals and birds that sporadically 
infect the human intestine. Oocysts, the infective forms, 
are released into the stool, where they have occasionally 
been identified; in other cases, intestinal biopsy has 
shown the trophozoites or gametes of Isospora in the 
epithelial cells. Diarrheal disease ranges from acute to 
chronic and in a few cases has caused death by malnu- 
trition and superinfection. Tissue eosinophilia may ac- 
company the diarrheal picture, but eosinophilia in the 
blood is not a specific feature. Therapy is similar to that 
for Toxoplasma (p. 373). 


Trichomoniasis (Trichomonas vaginalis) 


The most frequent venereal parasitic infection is 
caused by T. vaginalis, a flagellate 15 to 18 p in length, 
shaped like a turnip, with a single nucleus and three to 
four anterior flagellae. Its single posterior flagellum is 
provided with an axostyle and an undulating membrane, 
visible only on high magnification. This powerful motor 
system permits the organism to flit about actively when 
a fresh preparation from an inflamed urethra or vagina 
is examined microscopically. There is no cyst form; 
transmission is generally direct via sexual intercourse. 
Indirect transmission by contaminated articles is possi- 
ble, but unlikely because the parasite cannot survive for 
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Figure 8—41. Cryptosporidium macro- and microgametes sitting on 
brush border of gut epithelium. Note inflammatory cells. 
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long in the environment. Optimal conditions for its 
long-term colonization exist in the vaginas of postpu- 
bertal women; in selected groups consulting the gyne- 
cologist, estimates have ranged up to 40%.** Immature 
female genitalia are refractory, probably by virtue of 
their fermentative bacterial flora. Infection of the male 
urethra, the second most common site, is less persistent 
but may be followed by involvement of the seminal 
vesicles and prostate. 

T. vaginalis is a near-commensal, producing symp- 
toms only in a fraction of infected persons, mainly in 
those bearing recent infections. When genital inflam- 
matory lesions are severe, interaction of T. vaginalis 
with bacterial pathogens must be suspected, even if 
many trichomonads are found. Burning, itching, and 
discharge are the most frequent symptoms in both males 
and females, especially before or during micturition. 
The discharge is typically described as scanty and frothy, 
most often noticed in the morning. Sometimes there is 
increased frequency of voiding. Rarely, with involve- 
ment of the posterior male urethra, seminal vesicles, or 
prostate, there is perineal tenderness and these organs 
may fee] boggy on rectal examination. 


Typically, there is spotty reddening and edema of the 
affected mucosa, sometimes with small blisters or granules, 
referred to as “strawberry mucosa.” Histologically, the mu- 
cosa and superficial submucosa may be infiltrated by lym- 
phocytes and plasma cells and polymorphonuclears when 
lesions are intense. The discharge is rarely frankly purulent 
as in gonorrheal or chlamydial infection. Aside from the 
presence of parasites, there are no specific pathologic 
features. The trichomonads are best seen in fresh prepara- 
tions diluted with warm saline, but some authorities recom- 
mend smears stained by the Giemsa method. When organ- 
isms are scarce, they are rarely the cause of disease. 
Culture methods are available in specialized laboratories 
should visual inspection fail.?° 


Trichomonads are only faintly stained on Pap 
smears and therefore are sometimes missed. Although 
they have been said to contribute to the induction of 
cervical dysplasia or neoplasia, this correlation has not 
held up under rigorous study. T. vaginalis is curable 
with nitroimidazole compounds but rare resistant strains 
have been reported. 


Pneumocystosis (Pneumocystis carinii) 


This normally latent parasite causes pneumonia 
almost exclusively in adult immunosuppressed patients 
and in protein- and calorie-deficient children. In ani- 
mals, latent infection by species-adapted Pneumocystis 
can be activated by long-term corticosteroids as may 
also be encountered in hospital patients. However, the 
infection may not always be endogenous since case 
clustering has been observed in the wards of children’s 
hospitals, and since infection rates vary from hospital to 
hospital. Indeed, pneumocystosis was first described as 
an epidemic among malnourished and premature chil- 
dren in Europe and in Iran when it was misleadingly 
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named “interstitial plasma cell pneumonia. **° In the 
more feebly responding immunosuppressed adult, the 
interstitial plasma cell and macrophage component is 
often missing or minor. 


INFECTIOUS DISEASES 


The trophozoites of P. carinii are best seen by scan- 
ning electron microscopy; they graze on alveolar lining cells 
by means of long cytoplasmic extensions or “phylopodia,’?® 
resulting in pneumocyte death, desquamation, and compen- 
satory proliferation. The alternate cyst form has a cell wall 
stainable by silver impregnation, is cup or boat shaped, and 
is approximately 4 to 6 pw in size (about the size of Histo- 
plasma fungi). Cysts are mostly extracellular but can be 
taken up and killed by macrophages. They are diagnostic 
by their central dark dots or lateral crescent profiles (Fig. 8— 
42). Neither parasite form can be clearly seen in the 
routine H and E stain; rather, the alveolar spaces are 
filled by an amphophilic, foamy, amorphous material 
resembling proteinaceous edema fluid, composed of 
proliferating parasites and cell debris. Usually there is an 
accompanying mild interstitial inflammatory reaction with 
widening of the septa, protein and fibrin exudation, escape 
of red cells, and sometimes the formation of hyaline mem- 
branes. These changes are reminiscent of diffuse alveolar 
damage (p. 714). Affected lung appears airless, red, and 
beefy, heightening that similarity, and occasionally there is 
even granuloma formation. Not infrequently there is concur- 
rent infection by opportunistic bacteria, fungi, or viruses, 
especially CMV. Since pneumocystosis often supervenes as 
the terminal complication of other pulmonary infections or 
systemic diseases, its lesions vary and it can only be 


Figure 8—42. Pneumocystis carinii stained by methenamine silver 
technique. Only the cyst forms take up the stain, showing the typical 
cup shape and central dot. Note also typical foamy amorphous 
exudate filling alveolus. 


diagnosed with certainty by the direct demonstration of 
the parasite in bronchoscopic or open lung biopsies, with 
use of special stains.**' Parasites rarely escape from the 
consolidated terminal air spaces they inhabit and can 
only exceptionally be spotted in the sputum. 


Typically, this disease presents as the sudden onset 
of fever, dyspnea, hypoxia, and a new lung shadow on 
x-ray films, leading to deterioration of a previously stable 
and controlled patient under treatment for Hodgkin's 
lymphoma or another malignancy, or receiving high 
doses of steroids. Individuals afflicted with AIDS (p. 
208) are also at risk. Less often there is also a cough. 
These nondescript features could herald a large variety 
of opportunistic lung infections besides P. carinii. Un- 
fortunately, a reliable serodiagnostic test for parasite 
antigen is not yet available and the host is often too 
immunosuppressed to mount an appropriate antibody 
response. Pneumocystosis, therefore, sometimes goes 
unrecognized, resulting in a very high mortality. Early 
treatment can significantly improve the outlook for 
recovery. Nowadays, therefore, patients at risk fre- 
quently receive prophylactic drug combination therapy 
in an attempt to avert open lung biopsy.*” For these 
reasons, classical widespread pneumocystosis is becom- 
ing an increasingly rare picture at autopsy. 


BLOOD AND TISSUE PROTOZOA 


Malaria (Plasmodium sp.)* 


Four species of plasmodia—P. vivax, P. ovale, P. 
malariae, and P. falciparum—are responsible for ma- 
laria, one of the most common ailments of mankind. 
Distributed throughout the tropics and subtropics, ma- 
laria is particularly prevalent in Africa and Asia where 
millions are infected and the heaviest toll of mortality 
falls on children under 4 years of age. The prevalence 
of the disease is directly related to that of its insect 
vectors, more than a dozen species of Anopheles mos- 
quitos. Attempts to eradicate the infection have foun- 
dered, partly owing tv socioeconomic factors and partly 
because of the unexpected proliferation of insecticide- 
resistant mosquitos and drug-resistant parasites. None- 
theless, the hyperendemic insect breeding grounds have 
been narrowed, and vectorially transmitted malaria is 
now extremely rare in developed countries. Malarial 
spread by worldwide jet travel continues, however, each 
case representing a potential new endemic focus. Since 
the parasites invade the blood they can be transmitted 
by transfusion or among drug addicts. In such nonen- 
demic settings, the lack of familiarity with malaria and 
its many clinical facets contributes to the danger of a 
missed diagnosis. 

All four species of Plasmodia have complex sexual 
cycles in their insect vectors, ending with the production 
of sporozoites, which are inoculated into the mammalian 
host by mosquito bite. Only female anophelines take 
blood meals and so “only the female is dangerous.’ 


Sporozoites are antigenically distinct from all subse- 
quent developmental parasite forms, and during their 
brief journey from the skin to liver cells they are 
vulnerable to specific antisporozoite antibodies. In an 
immune or vaccinated host, these antibodies may abort 
infection by coating the plasma membrane of the spo- 
rozoite before it can invade the host liver cell.7“ Within 
the hepatocyte the parasite transforms and divides (ex- 
oerythrocytic cycle), eventually to reenter the blood- 
stream in the form of merozoites capable of invading 
and multiplying in red cells. Merozoites are also anti- 
genically distinct, and outside of red cells they are 
vulnerable to specific antibody.” They initiate the in- 
traerythrocytic asexual cycle responsible for most of the 
anatomic and clinical features of malaria; merozoites 
grow to become trophozoites, which upon division form 
numerous schizonts. Released by rupture of the eryth- 
rocytes, these reenter other red cells to begin a new 
cycle. After a few cycles, intraerythrocytic gametocytes, 
i.e., male and female offspring, are added to the cycli- 
cally generated asexual forms. Although gametocytes are 
not numerous, they are relatively long-lived and are the 
only forms capable of initiating the insect cycle when 
taken up by mosquitos. 

Each species of Plasmodium produces a somewhat 
distinctive disease pattern related in part to the timing 
of its asexual intraerythrocytic cycle. P. vivax and P. 
ovale infections are rarely fatal and are marked by fever 
spikes roughly 48 hours apart: benign tertian malaria. 
With P. malariae the spikes occur at 72-hour intervals; 
this infection is prone to long periods of latency: benign 
quartan malaria. P. falciparum is responsible for the 
highest parasitemias and for the bulk of mortality due 
to malaria. The fever in this pattern of infection is often 
irregular but may show periodicity at 48-hour intervals: 
malignant tertian malaria. In all forms the red cell 
destruction causes anemia and, at the same time, ma- 
larial pigment produced by the parasite’s digestion of 
heme is released. The damaged red cells and malarial 
pigment are removed from the blood by the monocyte- 
phagocyte reticuloendothelial system, inducing spleno- 
megaly and hepatomegaly as well as the pigmentation 
seen in these enlarged organs and in the bone marrow. 
The “malignant” nature of P. falciparum may relate to 
several factors: unlike other Plasmodia that prefer either 
young or older red cells, it indiscriminately parasitizes 
all red cells with glycophorin receptors?” of any age, 
resulting in high and steeply rising parasitemias; it also 
induces sticky knobs in the erythrocyte membranes, 
which results in plugging of small vessels and tissue 
hypoxemia or ischemic necrosis (p. 361). This process is 
particularly dangerous in the small vessels of the brain. 

Host factors also condition the occurrence and 
severity of malarial disease and even its geographic 
distribution. Protein-calorie malnutrition in African and 
Asian children compounds the systemic effects of ma- 
laria, and favors chronicity and other lethal complica- 
tions. However, cerebral malaria is less common among 
these partly immune children than it is among nonim- 
mune visitors.** Blackwater fever, a form of hemoglo- 
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binuric renal failure seen in P. falciparum infection, is 
infrequent today and may have represented the concur- 
rence of drug or alcohol toxicity or possibly other factors 
with severe malaria. Sickle cell hemoglobin (S) tends to 
limit parasitemia, forcing the parasite to leave the red 
cell as its heme starts sickling. Endemic malaria is 
therefore less lethal in the hemoglobin (S) heterozygote 
(p. 618) and its geographic distribution mirrors that of 
the sickle cell genes. There is suggestive, but no con- 
clusive, evidence that G6PD deficiency may also offer 
some protection although it also induces hemolysis when 
antimalarial drugs are given.*“* The Duffy blood group 
factor appears to be necessary for P. vivax red cell 
penetration, and black persons without that red cell 
receptor are therefore refractory to benign tertian ma- 
laria,*" 


Few observations are available on the morphologic 
changes in the nonfatal forms of malaria caused by P. vivax, 
P. malariae, and P. ovale. |In P. falciparum infection, 
depending on its duration, the spleen is markedly enlarged 
and may exceed 1000 gm. During the acute stage of the 
disease, the splenic enlargement is moderate and the sub- 
stance congested or hemorrhagic. The capsule is thin and 
rupture of the spleen may occur, but is rare. As the disease 
becomes more chronic there is increased cellularity and 
fibrosis, creating a solid enlargement. The capsule is thick- 
ened and on cross section the splenic substance is gray or 
black and brittle, traditionally described as ‘“‘ague cake.” 

Histologically, in the acute stages there is marked 
splenic congestion along with hypertrophy and phagocytic 
activity of the reticuloendothelial cells and macrophages. 
Parasites may be seen within the trapped red cells. With 
chronicity, the congestion increases and the phagocytic cells 
become more prominent, sometimes forming solid masses. 
They are laden with a finely divided brown-black malarial 
pigment called hemozoin. The pigment has a granular ap- 
pearance, does not react with stains for ferrous iron, and is 
faintly birefringent. It resembles hematin, a product of red 
cell autolysis sometimes seen in congested organs. Accom- 
panying the phagocytosis of pigment there is engulfment of 
parasites, leukocytic debris, and red cell debris. In the late 
stages of malaria, as the spleen continues to enlarge, the 
fibrous trabeculae thicken as the organ hardens and black- 
ens.**° 

The liver is likewise enlarged in malaria. In acute 
malaria, this enlargement is only moderate and is accom- 
panied by considerable hyperemia. As the infection becomes 
chronic or reinfections occur, the increase in size progresses 
and the organ becomes more firm and pigmented. The 
principal changes are found in the Kupffer cells, which are 
enlarged and hyperplastic; these become heavily laden with 
malarial pigment, parasites, and cellular debris (Fig. 8—43); . 
some pigment may also be found in the parenchymal cells. 
The changes in the bone marrow and lymph nodes are of 
similar nature. Pigmented phagocytic cells may be found 
dispersed throughout the body in the subcutaneous tissues, 
lungs, and other sites, particularly when infection has satu- 
rated the principal reticuloendothelial organs. 

The kidneys are often enlarged and congested. A 
dusting of pigment is often present in the glomeruli, and the 
tubules may contain hemoglobin casts, particularly in falci- 
parum malaria. 

In malignant falciparum malaria, there may be ex- 
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INFECTIOUS DISEASES 


Figure 8—43. Malaria in liver with pigment-laden Kupffer cells. 


treme congestion of the brain vessels so that they be- 
come plugged with parasitized red cells, each cell containing 
a single dot of hemozoin pigment (Fig. 8-44). About these 
vessels, there are ring hemorrhages that are probably related 
to local hypoxia incident to the vascular stasis. Small focal 
inflammatory reactions (called malarial or “Durck’s granu- 
lomas’’) may occur about these vessels. These granulomas 
consist of a small focus of ischemic necrosis surrounded by 
a microglial reaction. With more severe hypoxia, there is 
degeneration of ganglion cells, focal ischemic softening, and 
occasionally a scant inflammatory infiltrate in the meninges. 
Nonspecific focal hypoxic lesions in the heart may be in- 
duced by the progressive anemia and circulatory stasis in 
chronically infected patients. In some, the myocardium also 
shows focal interstitial inflammatory infiltration.2*° Usually the 
pathophysiologic disturbances in malignant tertian malaria 
far outweigh the anatomic abnormalities found. Thus, in the 
nonimmune patient, pulmonary edema or shock with DIC 
are frequent causes of death, sometimes in the absence of 
other characteristic lesions. 


The popular image of malaria is limited to its 
classical, febrile paroxysm as might be present in a 
nonimmune adult visitor to the tropics. After an incu- 
bation period of one to two weeks and three or four 
days of a nondescript malaise or fever, the disease 
declares itself by mounting fever to 40°C or higher, 
accompanied by chills and rigors. There is dry flushing 
of the skin, restlessness, intractable headache and body 
aches, and sometimes delirium. A few hours later, 
sweating begins, the fever declines, and lassitude fol- 
lows. After a day or two of respite another paroxysm 
begins. In developed countries this classical pattern is 
largely seen in returned travelers or in foreign visitors 
with severe acute P. falciparum infections (sometimes 
modified by ineffective previous drug prophylaxis). It 
may also occur with transfusion or addict malaria or 
during a late relapse of a previously treated chronic 


latent benign tertian or quartan malaria, especially after 
splenectomy or immunosuppression. 

Ironically, the classical clinical picture accounts for 
only a fraction of the spectrum of malarial disease. 
Latent endemic infection is far more frequent, particu- 
larly in the wet tropics where malaria transmission is 
constant, such as in West Africa.”*> Here, the survivors 
of early childhood infection have developed partial 
immunity and have low parasitemias, with or without 
hepatosplenomegaly or mild febrile episodes. In coun- 
tries with alternating dry and rainy seasons, such as 
western Latin America, the disease attack rate increases 
along with the breeding mosquitos (the estivoautumnal 
pattern) even though few attacks are of the classical 
type. Overt disease in endemic areas may present in 
many ways. In young children it can easily be mistaken 
for pneumonia, diarrheal disease, or typhoid fever. 
Older children are the chief victims of the relatively 
rare nephrotic syndrome (p. 1011) associated principally 
with P. malariae infection.**° Alternatively, endemic 
malaria may present as a chronic anemia with hepato- 
splenomegaly; as a protracted, febrile disorder of un- 
known cause; as renal shutdown; or as the insidious 
onset of jaundice and hepatic failure. 

Catastrophic P. falciparum infection is most likely 
to develop in nonimmune teenagers or adults and in 
splenectomized individuals. This often lethal form of 
the disease is characterized by any or all of the following 
features: cerebral involvement with delirium progress- 
ing to coma; hypothermic shock (algid malaria); pulmo- 
nary edema; DIC; renal shutdown with hemoglobinuria; 
and liver failure. 

Whatever the clinical pattern, the mainstay of 
diagnosis is identification of parasites in the blood 
smear. Indeed, there is a clear correlation between 
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Figure 8—44. Cerebral malaria. High-power view of P. falciparum 
trophozoites, each with a pigment dot, occupying all red cells of a 
distended brain capillary. 


severity of illness and level of blood parasite count. 
Differentiation among the four species of Plasmodia is 
today a specialized skill that depends on subtle morpho- 
logic features of the parasites. Many drugs have been 
developed for the prevention and treatment of malaria, 
but the Plasmodia have been equaliy adept at develop- 
ing drug resistance.” Recently a culture method for 
the blood forms of the plasmodia has been devised and 
is being used for the production of purified and cloned 
parasites and their antigens. This Trager culture method 
also permits sensitivity testing analogous to that em- 
ployed with bacteria but, with appropriate geographic 
information, effective therapy can often be started be- 
fore drug sensitivities have been measured. Treatment 
of malaria is no longer the simple matter it was in the 
days before the development of drug-resistant strains. 
Malaria vaccine research has progressed, but its ultimate 
success still remains uncertain.” 


Babesiosis (Babesia sp.)* 


B. microti, a distant relative of the Plasmodia, 
causes an acute, sometimes prolonged illness that may 
be incapacitating but is rarely fatal. It is seen mostly 
along the Eastern seaboard and on the islands of Nan- 
tucket and Martha's Vineyard. The cattle parasites B. 
bovis and B. bigemina can also sporadically infect as- 
plenic humans to produce a rapidly fatal febrile infection 
with hemolysis and renal failure; these are rare infec- 
tions, but they occur worldwide. 

The first human B. microti infection was recognized 
in 1969 and less than 100 symptomatic cases have been 
reported to date, all but a few in persons older than 40 
years.”* Serologic surveys indicate, however, that 
asymptomatic infection may be widespread among res- 
idents and visitors of all ages in the Northeastern 
summer resort areas. B. microti is transmitted by the 
bite of the tiny nymphal stage of the hard tick Ixodes 
dammini, whose adult stage feeds on deer and field 
mice. Ticks can transmit the parasite transovarially. 
Nymphs are active between May and September; hu- 
man disease trails this timetable by about one month. 
Man is thus an accidental and often unaware victim of 
a natural infection cycle. B. microti, once introduced, 
invades the red blood cells and can be mistaken for P. 
falciparum, but does not produce any pigment. Infec- 
tions have been acquired by blood or platelet transfusion 
from asymptomatic donors. Since donors are currently 
not serologically screened for Babesia, the scope of 
babesiasis as a cause of posttransfusion fever is unclear. 

Headache, fever, chills, myalgia, and fatigue sug- 
gesting a “summer flu’ may be the only symptoms of 
babesiasis. The fever usually lasts no longer than one 
week and recovery is spontaneous but slow. Severe 
disease, mostly in splenectomized patients or in those 
debilitated by chronic diseases, can be prolonged or 
recurrent and can be accompanied by vomiting, hemol- 
ysis, jaundice, hemoglobinuria, renal failure, even coma 
and death. The level of the B. microti parasitemia is a 
good indication of the severity of infection; only 1% of 
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erythrocytes are infected in mild cases, but rapidly 
rising parasitemia above 30% of red cells is seen in 
infections that become life threatening. B. bovis, with 
its 60% or higher lethality, resembles severe B. microti 
inf. ction. 


In fatal cases the anatomic findings are mainly those 
related to shock and hypoxia, and include jaundice, hepatic 
necrosis, acute renal tubular necrosis, hemolysis, hemoglo- 
binuria, anemia, and, sometimes, hemorrhagic manifesta- 
tions.2 There is no rash or primary eschar that might 
suggest a tick connection. Diagnosis must be made micro- 
scopically by Giemsa-stained blood smears. The _intra- 
erythrocytic organisms are tiny and difficult to see on rou- 
tinely stained tissue sections. 


African Trypanosomiasis (Trypanosoma 
rhodesiense, gambiense)* 


The name sleeping sickness by which human infec- 
tions with the African trypanosomes T. brucei rhode- 
siense and T. brucei gambiense are known more aptly 
describes the condition of medical students during a 
postprandial lecture. In truth, African trypanosomal 
disease covers several clinical stages: (1) an acute febrile 
attack with purpura and DIC; (2) chronic, episodic 
fever with lymph node swelling and splenomegaly; and 
eventually (3) progressive brain dysfunction leading to 
cachexia and death. All three disease stages may appear 
sequentially, or only the chronic stages may be appar- 
ent. T. rhodesiense infection is often acute and virulent 
and its tsetse fly (Glossina) vector prefers the Savannah 
plains of East Africa; T. gambiense infection tends to be 
chronic and its vector thrives best in the West African 
bush. Although Gambian and Rhodesian sleeping sick- 
ness have been described as different diseases, there is 
some overlap as well as regional variation in their disease 
manifestations. Not surprisingly, both infections have 
turned up on occasion on the “tropical island” of Man- 
hattan, one of the world’s crossroads. All the rare U.S. 
cases are imported. The vector species Glossina exists 
only in Africa where its bite also transmits T. brucei 
brucei, which is prevalent among wild animals and cattle 
and is the ancestor species to which humans have 
become refractory. T. brucei ravages cattle and sheep 
over millions of square miles of Africa. Wild animals 
can also serve as reservoirs for T. rhodesiense, whereas 
T. gambiense is largely a vector carried from person to 
person. Tsetse flies seem to be angered by noisy Land 
Rovers, and safari hunters are known to be at risk.?” 

Bloodstream trypanosomes (trypomastigotes) are 
fusiform, flagellate, motile protozoa marked by an un- 
dulating membrane along the length of the organism. 
After inoculation of salivary forms by the tsetse, the 
parasites metamorphose and proliferate at the local site 
and gain entry to the lymphatics and bloodstream to 
induce a parasitemia. Within the blood they become 
vulnerable to opsonizing antibodies specific for their 
glycoprotein surface antigens. However, these parasites 
are able to generate a seemingly endless sequence of 
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surface variant antigens, each composed of a single 
glycoprotein, so that a successor clone begins prolifer- 
ating before antibody has eradicated its predecessors. 
This genetically programmed sequence” explains the 
persistent bouts of fever. The chronic assault on the 
host immune system, especially on the B cells, results 
in lymphoreticular hyperplasia with lymphadenopathy 
and splenomegaly. Concomitantly there is a striking 
IgM hypergammaglobulinemia. Only part of this im- 
munoglobulin is directed specifically against trypanoso- 
mal antigens. Much of it may be an expression of 
polyclonal B-cell activation. Cellular immunity is also 
weakened.” Nonetheless, trypanosomes are vulnerable 
to neutrophil and macrophage destruction because they 
lack catalases and other scavengers of oxygen radicals 
produced by the phagocytes. The precise mechanism of 
trypanosomal-induced tissue injury is unknown. Anti- 
gen-antibody complexes may release kinins and other 
mediators of inflammation, which may contribute.”’ The 
release of lysosomal enzymes from degenerating phag- 
ocytes could also be a factor. 


INFECTIOUS DISEASES 


A large, red, rubbery chancre may form at the site of 
the insect bite; it is more frequently seen in Rhodesian 
trypanosomiasis. It teems with parasites and shows intense 
inflammatory infiltration, largely mononuclear, as well as 
vasodilatation and interstitial edema. With advancing chron- 
icity of the disease, the lymph nodes and spleen enlarge 
owing to hyperplasia, accompanied by an infiltrate of lym- 
phocytes, plasma cells, and macrophages that must ulti- 
mately dispose of the killed parasites. Trypanosomes are 
small, difficult to visualize except in “overstained” Giemsa 
sections. They tend to concentrate in capillary loops such 
as the choroid plexus and glomeruli. In time, and more often 
in prolonged Gambian disease, the parasites breach the 
blood-brain barrier and invade the CNS, to induce initially a 
leptomeningitis extending into the perivascular Virchow-Ro- 
bin spaces and eventually a demyelinating panencephalitis. 
Particularly prominent in all sites of leukocytic infiltration are 
plasma cells containing glycoprotein globules, often referred 
to as flame cells or Mott cells (named after the first author 
to describe these brain changes). Severe acute trypanoso- 
miasis may be followed by DIC, by an interstitial myocarditis, 
or by lethal bacterial superinfection. Chronic disease leads 
to progressive cachexia, and these patients, devoid of en- 
ergy and normal mentation, literally waste away. 


The onset of clinical manifestations is more fre- 
quently acute in the Rhodesian illness than in the 
Gambian variety, in which successive bouts of fever are 
spaced by latent periods of variable length, sometimes 
months to years. Until CNS manifestations appear the 
disease is often confused with other chronic infections, 
but can be diagnosed by visualizing the parasites. Dur- 
ing early parasitemia these are easily seen on blood 
smears. In more chronic stages they may be detectable 
in the bone marrow, lymph nodes, and spleen, though 
usually not in great numbers. When parasites cannot be 
found, the characteristic IgM hyperglobulinemia is of 
some diagnostic value. Usually there is also anemia, 
granulocytopenia, and an elevated sedimentation rate. 
In most cases, if the patient with Gambian disease 
survives long enough, the meningoencephalitic phase 


makes its appearance. There is headache and lethargy 
that over the course of time progresses to a pathetic, 
vegetative state: drooping eyelids; open, mute mouth; 
total lack of response to external stimuli; and finally, 
death in coma. The devastating cerebral manifestations 
have been attributed to generation of phenylpyruvate 
and indol-3 ethanol by the trypanosomes in the brain.*°”“ 
Early African trypanosomiasis is treatable but there is 
no satisfactory cure for advanced sleeping sickness, 
although organic arsenicals are sometimes employed to 
halt further progression. 


INTRACELLULAR PROTOZOA 


Chagas’ Disease (Trypanosoma cruzi)" 


Also called American trypanosomiasis, Chagas’ dis- 
ease ranges from Texas to Argentina. Its acute stage 
may be asymptomatic or marked by fever and acute 
myocarditis. Its chronic phase results in progressive 
cardiac failure and is the most important cause of death 
from heart disease in several Latin American countries. 
In Brazil, but not elsewhere, chronic Chagas’ disease is 
also a cause of megaesophagus (p. 798) and megacolon 
(p. 855). An autochthonous case of Chagas’ disease has 
been reported from California. 

Dogs and wild animals, especially the opossum and 
armadillo, are hosts of T. cruzi strains, but humans are 
the principal source of human disease. The parasite is 
transmitted by “kissing bugs’ (triatomidae) that hide in 
the cracks of rickety houses and feed on their sleeping 
inhabitants at night while contaminating their bites by 
defecation. Infection can also be acquired by transpla- 
cental passage, transfusion, or laboratory accident. 

T. cruzi, a fusiform hemoflagellate with an undu- 
lating membrane, circulates but does not multiply 
within the bloodstream. Rather, it invades tissue cells 
and assumes a leishmanial form, which then divides, 
eventually to reinvade the blood. Progressive multipli- 
cation within the parasitized cells produces intracellular 
pseudocysts packed with organisms (Fig. 8-45). As the 
disease progresses, parasitemia decreases but the tissue 
forms persist, causing either progressive acute infection, 
latent infection of indefinite duration, or latency fol- 
lowed by chronic infection. 

In acute disease, damage results from direct inva- 
sion of cells by the parasites and from the consequent 
inflammatory changes. An erythematous swelling—the 
chagoma—may appear at the site of the bite, only to 
regress spontaneously. Rarely, the portal of entry may 
be the conjunctiva, producing unilateral edema, preau- 
ricular lymphadenopathy, and sometimes exophthalmos 
(Romana’s sign). Transient parasitemia undoubtedly fol- 
lows all infections, including those with seemingly lo- 
calized reactions, yet many individuals never show any 
further manifestations other than detectable antitrypan- 
osomal antibodies. If acute Chagas disease does develop 
it is marked by high parasitemia and fever, principally 
with cardiac involvement, but sometimes with general- 
ized lymphadenopathy or splenomegaly also. Acute cha- 


Figure 8-45. Chagasic myocarditis showing T. 
mononuclear infiltration. 


gasic myocarditis may be mild, detectable only by 
transient ECG changes, but in severe disease rapidly 
progressive cardiac dilatation and failure may ensue. 
Meningitis rarely occurs, mainly in newborns and young 
children. Death follows in about 5 to 10% of acute cases, 
generally from involvement of the heart. More often 
the febrile reaction and cardiac changes slowly regress 
as parasites virtually disappear from both the blood and 
tissues, and a latent period of variable duration follows. 

Chronic disease usually arises in young and mature 
adults and presents mainly as the progressive onset of 
cardiac failure. At this late stage the parasitemia remains 
scanty, and the organisms within the tissues are likewise 
often vanishing in number and difficult to find in his- 
tologic sections. Nonetheless, there is striking inflam- 
matory infiltration of the myocardium and sometimes of 
the skeletal muscles, completely out of proportion to 
the demonstrable parasites. The pathogenesis of chronic 
Chagas’ disease is unknown. An autoimmune reaction 
mediated by cytotoxic T cells and by antibodies, reactive 
with human endocardial, myocardial, and striated mus- 
cle cells and endothelium (EV1 antibodies) has been 
postulated.”* However, it is not clear whether these 
immune reactions are the cause or the result of the 
tissue damage. 


In lethal acute chagasic myocarditis the anatomic 
changes are diffusely distributed throughout the heart. Clus- 
ters of leishmanial forms swell individual myocardial fibers 
to create intracellular pseudocysts. There is focal myocardial 
cell necrosis accompanied by extensive, dense, acute inter- 
stitial inflammatory infiltration throughout the myocardium 
(Fig. 8-45), and there is often four-chamber cardiac dilata- 
tion. 

In chronic Chagas’ disease the heart is typically di- 
lated, rounded in shape, and increased in size and weight. 
Often there are mural thrombi that, in about one-half of 
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cruzi-filled pseudocyst, interstitial edema, and 


autopsy cases, have given rise to pulmonary or systemic 
emboli or infarctions. Histologically, there is interstitial and 
perivascular inflammatory infiltration composed mainly of 
lymphocytes, plasma cells, and monocytes. It is heaviest in 
the right bundle branch of the cardiac conduction system.”*° 
Scattered foci of myocardial cell necrosis can sometimes be 
seen. There is also interstitial fibrosis, especially toward the 
apex of the left ventricle, which may undergo aneurysmal 
dilatation and thinning (a suggestive, but not pathognomonic, 
feature of chronic chagasic myocarditis). In the Brazilian 
endemic foci, as many as one-half of the patients with lethal 
carditis also have dilatation of the esophagus or colon, 
apparently related to damage to the intrinsic innervation of 
these organs. However, at the late stages when such 
changes appear, parasites cannot be found within these 
ganglia. 


As many as 10% of the rural population in endemic 
foci suffer from chronic chagasic heart disease. Symp- 
toms and signs range from right bundle branch block to 
progressive cardiac decompensation or thromboembolic 
manifestations, and to sudden death without previous 
warning. At this late stage organisms can rarely be 
identified in the blood, but complement-fixing antibod- 
ies can usually be demonstrated. A more laborious, but 
sometimes necessary, diagnostic measure is xenodi- 
agnosis, i.e., identification of parasites in laboratory- 
bred triatomids two weeks after they have been allowed 
to feed on the patient’s skin. New drugs have improved 
the outlook for patients with acute infection, but none 
have proved of value in chronic disease.*™ 


Leishmaniasis (Leishmania sp.)* 


All clinical forms of leishmaniasis are caused by a 
single parasite stage, the tiny (<< 3 w), nonflagellated 
intracellular amastigote, recognizable in tissue sections 
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or smears by its two basophilic dots, its nucleus, and 
the kinetoplast, the latter sometimes bar shaped. All 
are transmitted by the bite of sandflies, i.e., by diverse 
Phlebotomus sp. in the old world, or by Lutzomyia sp. 
in the new. Nevertheless, the disease manifestations 
caused by these organisms vary greatly by parasite 
species, continent, and endemic region of origin. Until 
the taxonomy of the leishmaniae can be further defined 
through monoclonal antibodies or kinetoplast DNA hy- 
bridization studies,”©! the traditional classification will 
be followed here, which differentiates visceral leishma- 
niasis or kala-azar (caused by L. donovani) from mu- 
cocutaneous leishmaniasis or espundia (due to L. bra- 
siliensis) and cutaneous leishmaniasis or tropical sore 
(due to L. tropica and L. mexicana). All these infections 
occur largely in poor people in remote locations, and so 
prevention and treatment have fallen behind those of 
other parasitic infections. The relatively rare imported 
cases seen in the U.S. occur in anthropologists, Peace 
Corps workers, and occasionally the overseas military. 

Kala-azar (Hindi for “black fever’) results from the 
widespread invasion of the mononuclear-phagocyte sys- 
tem by L. donovani. It is an insidiously developing but 
severe systemic disease marked by hepatosplenomegaly, 
lymphadenopathy, pancytopenia, fever, and weight loss. 
The reticuloendothelial blockade produced by overload- 
ing the phagocytic cells with leishmaniae, coupled with 
pancytopenia, predispose patients to intercurrent bac- 
terial infections, the usual cause of death. Hemorrhages 
related to thrombocytopenia may also be fatal. 


INFECTIOUS DISEASES 


At autopsy the spleen, liver, and lymph nodes are all 
enlarged. Often the spleen reaches gigantic size (up to 3 
kg); lymph nodes may achieve a diameter of 4 to 5 cm; the 
hepatomegaly is generally less extreme. In all these organs 
the phagocytic cells are markedly swollen and stuffed with 
leishmaniae (Fig. 8-46). The flooding of the spleen with 
infected macrophages, accompanied by marked plasmocy- 
tosis, obscures the organ’s normal architecture. In the late 
stages of the disease the liver becomes increasingly and 
irreversibly fibrotic. Phagocytic cells crowd the bone marrow 
and may also be found in the lungs, Gl tract, kidneys, 
pancreas, testes, and other organs. Often there is hyperpig- 
mentation of the skin in the extremities, accounting for the 
Indian designation of this condition. In the kidneys, immune 
complex deposition as well as mesangial proliferation are 
sometimes observed,” and in advanced cases amyloid 
deposition is frequent. 


Usually no local lesions occur at the site of the 
sandfly bite, but in African disease there may be a 
“primary chancre,’ which generally regresses before 
systemic manifestations insidiously develop, sometimes 
a year later. Periods of spiking fever ensue, followed by 
remissions and relapses. Most patients come to medical 
attention at an advanced stage of disease showing hep- 
atosplenomegaly, lymphadenopathy, and pancytopenia. 
Serum albumin is usually low, globulin is markedly 
elevated, predominantly the IgG fraction (as opposed to 
IgM elevation in African trypanosomiasis). Clotting ab- 
normalities are frequent. Patients who recover from 
systemic kala-azar, usually by treatment, may develop 
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Figure 8—46. Visceral leishmaniasis (kala-azar). Phagocytes within 
a lymph node are laden with Leishmania. 


extensive skin involvement (post—Kala-azar dermal 
leishmanoids) manifested as disfiguring papular or nod- 
ular lesions reminiscent of severe lepromatous leprosy. 
Histologically, these nodules contain numerous histio- 
cytes stuffed with L. donovani. Unfortunately, such 
cases are among the worst responders to chemotherapy. 

Diagnosis is best achieved by the demonstration of 
L. donovani in smears, tissue sections, or cultures in 
special biphasic media; skin testing with leishmanin is 
used to evaluate host reactivity, but may be negative in 
patients with advanced disease. 

Parasite strain is important in determining the 
clinical manifestations of kala-azar and its patterns of 
transmission. Thus, in the Near East, the Mediterranean 
basin, and North China, visceral leishmaniasis aftects 
mainly rural children, and dogs are the main reservoir 
host (L. infantum). Brazilian infection is also dog re- 
lated, but the parasite differs biologically from that of 
the old world. In India, much of kala-azar is urban, 
young adults are mainly affected, and man himself is 
the principal reservoir. 

Mucocutaneous leishmaniasis is endemic in the 
hinterlands of several South American countries, includ- 
ing Brazil,*® and is caused by several species or strains 
of New World leishmaniae. It begins as a chronic skin 
ulcer (tropical sore) of the leg, forearm, trunk, or face. 
Before or after the ulcer regresses, sometimes even 
years later, secondary moist, ulcerating, or nonulcer- 


ating lesions develop around or close to the mucocuta- 
neous junctions; these may localize in the larynx, nasal 
septum, anal zone, or vulva, and can be destructive and 
disfiguring. These lesions undergo spontaneous exacer- 
bations or remissions and usually last for a long time. 
Their histopathology varies with their activity and du- 
ration. Initially, a mixed inflammatory infiltrate with 
numerous parasite-containing histiocytes is seen to- 
gether with many lymphocytes and plasma cells. Later 
the tissue reaction becomes granulomatous and the 
number of parasites declines; it is therefore important 
to sample for parasites at or near the raised growing 
border of ulcerated lesions where they are likeliest to 
persist.*** Giemsa-stained impression smears prepared 
from biopsy specimens are likeliest to show leishmaniae. 
Eventually, the lesions remit and scar. A disturbing 
feature of mucocutaneous leishmaniasis is that even 
while a treated or untreated lesion seems to be healing, 
leishmaniae may remain present and reactivation may 
occur after long intervals. Although the granulomatous 
host response is associated with containment of the 
infection, it also aggravates the tissue destruction. The 
role of host immunoregulation in leishmaniasis is less 
well understood than in leprosy, with which it otherwise 
shares many analogies.”© 

Cutaneous leishmaniasis exists in both the Old and 
New Worlds. Oriental tropical ulcer is caused by Leish- 
‘mania tropica and is a relatively mild and localized 
disease compared with the mucocutaneous variant. It is 
seen in much of Southern Asia and parts of Africa. An 
analogous chronic, self-healing cutaneous ulcer occurs 
in parts of Latin America, and typically affects the ear, 
i.e., the preferred biting site of the local sandflies. 
American cutaneous leishmaniasis is caused by L. mex- 
icana, whose southernmost territory overlaps with that 
of L. brasiliensis. These two parasite species can now 
be distinguished by an ingenious new test involving 
hybridization of kinetoplast DNA.”*! 

Tropical ulcers are single and are usually located 
on exposed parts of the body; after a long incubation 
period, they begin as an itching papule surrounded by 
induration; this turns into a shallow, slowly expanding 
ulcer with irregular borders; healing is even slower than 
onset, but most lesions involute within six months with- 
out requiring treatment. Microscopically, the tissue 
reaction is granulomatous. Parasites are scarce in fully- 
developed lesions, though detectable by culture, and 
cutaneous Leishmania hypersensitivity is strong. Prob- 
lems arise in endemic foci where the local strains of L. 
tropica or L. mexicana are quite virulent and may cause 
expanding or recurrent lesions that require treatment. 
Several such foci exist in Africa, Southern Russia and in 
Brazil. 

Diffuse cutaneous leishmaniasis is the rarest form 
of dermal infection, thus far found only in Ethiopia and 
adjacent East Africa and in Venezuela, Brazil, and 
Mexico. It too begins as a single skin nodule, but 
continues spreading until the entire body may be cov- 
ered by bizarre nodular lesions, some resembling keloids 
or large verrucae, some imitating the nodules of lepro- 
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matous leprosy. These lesions do not ulcerate. Micro- 
scopically, they show vast aggregates of foamy macro- 
phages containing myriads of leishmanial organisms. 
Characteristically, the patients are anergic not only to 
leishmanin, but also to other skin antigens; because of 
their similarity to lepromatous patients, they are often 
erroneously sent to leprosaria. These infections have 
been notoriously difficult to cure by drug treatment. 
This form of leishmaniasis seems to be closely associated 
with impaired T-cell immunity, but whether it is causal 
or secondary is not clear. There is also some evidence 
that diffuse cutaneous leishmaniasis may be caused by 
specific strains of L. mexicana or perhaps by a separate 
species of Leishmania.*™ 
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Toxoplasmosis (Toxoplasma gondii) 


T. gondii is a coccidian parasite that infects many 
animal species. Its definitive hosts are domestic cats 
and some wild felines, in whose intestines sexual repro- 
duction results in the formation of fertile oocysts. When 
shed in the feces these are highly infective for most 
animals, including humans. The tissue forms of T. gondii 
are 3 X 6 pw, bow-shaped tachyzoites and larger cysts 
containing many bradyzoites. These can also transmit 
the infection to humans or animals, chiefly by ingestion 
of uncooked meat.” The versatile life cycle of this 
parasite has made it prevalent throughout the animal 
world. Human infection is also worldwide and tends to 
be nearly universal in the humid tropics, but somewhat 
rarer in dry or cold climates. In the U.S., between 15 
and 50% of the population have antibodies to T. gondii, 
with regional variations. 

T. gondii is delicately adapted to intracellular sur- 
vival in its many hosts and therefore rarely causes 
disease. In immunocompetent adult persons, toxoplas- 
mosis is usually mild and self-terminating and the bulk 
of infections remain subclinical. Most of the toll is borne 
by fetuses, babies, and immunosuppressed individuals 
of any age.*!* 7 In these predisposed groups toxoplas- 
mosis can be devastating, causing severe CNS damage 
or blindness. For these reasons, pregnant women should 
avoid contact with infected or potentially infected cats 
and abstain from uncooked meat. Entering through the 
gut, T. gondii spreads systemically, to penetrate into 
virtually any type of host cell, phagocytic or not. The 
parasite initially spreads from cell to cell as a tachyzoite; 
later it multiplies inside single cells to form microscopic 
cysts that can remain dormant for long periods. Small 
numbers of these cysts are formed in subclinical infec- 
tions, detectable only by subinoculation into toxoplasma- 
free mice. In infections of normal adults, it is therefore 
futile to look for parasites in tissue sections. By contrast, 
in newborns and the immunosuppressed, as the infec- 
tion mounts, myriad tachyzoites can usually be found 
in the lesions. Examined under oil, they reveal their 
characteristic sickle-shaped contour and tiny single nu- 
cleus, distinct from the double basophilic dots of the 
Trypanosoma-Leishmania family. Even more distinc- 
tive, but few in number, are the cysts that represent 
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dead “nurse” cells filled with hundreds of bradyzoites. 
Toxoplasma is undetectable in blood or body fluids, but 
high or rising antibody titers can be demonstrated by 
immunofluorescence or the Sabin-Feldman dye test. In 
newborn infections, specific IgM antibodies are espe- 
cially significant since they are less likely to have been 
passively transferred from the mother. 

Several clinical forms of toxoplasmosis are recog- 
nized. (1) Acute infection in the normal adult commonly 
manifests itself as lymphadenopathy with or without 
fever, mimicking the onset of a lymphoma or a viral 
infection. The diagnosis is usually suggested by exami- 
nation of an excised lymph node. (2) Found in infants 
and children, but rarely in normal adults, is the severe 
acute febrile form with evidence of pneumonia, liver 
dysfunction, or even myocarditis. (3) Maternal infection 
during early pregnancy may be entirely asymptomatic 
but placental involvement can result in stillbirth, or 
neonatal jaundice, pneumonia, myocarditis, or enceph- 
alitis, often with lethal results. Nonfatal infection of the 
fetus leads to brain damage, hydrocephalus, mental 
retardation, seizures, deafness, or other permanent neu- 
rologic deficits. (4) Activation of a dormant Toxoplasma 
infection in an immunosuppressed individual most fre- 
quently expresses itself as an acute, progressive enceph- 
alitis that, because of the rapidity of onset of coma, may 
remain clinically unrecognized. (5) Toxoplasma retino- 
choroiditis that can lead to blindness and glaucoma is a 
rare complication of chronic toxoplasmosis, sometimes 
seen in corticosteroid-treated individuals. 


INFECTIOUS DISEASES 


The morphologic pattern most often seen in other- 
wise normal adults is toxoplasma lymphadenitis. It is 
suggested by the triad of follicular hyperplasia, sinus 
histiocytosis, and scattered focal accumulations of 
small numbers of epithelioid-type macrophages not 
forming well-defined granulomas. The disorder is more 
frequent in young women than in males, and cervical lymph 
nodes, especially those in the posterior neck, are most often 
affected.7°” Once suggested, the diagnosis can be confirmed 
by serologic titer. The disease is self-terminating. If the 
infection reverts to a chronic phase, the hazard to a fetus 
born later is minor compared with that of maternal infection 
acquired during pregnancy. 

Neonatal toxoplasmosis is characterized by destruc- 
tive lesions in multiple organs, notably the brain. Similar, but 
usually less destructive, lesions occur in the severe form 
of acute toxoplasmosis, rarely seen in the normal adult. In 
the CNS, microglial nodules with many tachyzoites appear, 
particularly about the ventricles and aqueduct, followed by 
extensive necrosis, vascular thrombosis, and intense inflam- 
mation. Obstruction of the foramina is frequent, resulting in 
hydrocephalus. If the infant survives long enough, these 
lesions eventually calcify. As the disease persists, Toxo- 
plasma cysts frequently develop in the nervous tissue. In 
the infant, brain changes are often accompanied by liver cell 
necrosis and sometimes by adrenal necrosis. The lung and 
heart may also be focally necrotic and inflamed. There is 
extramedullary hematopoiesis. 

Cysts in the brain are also a frequent feature in the 
Toxoplasma _ encephalitis of immunosuppressed pa- 
tients. These cysts may rupture and release swarms of 
bradyzoites to excite a microglial nodular reaction. Other 
organs, including the myocardium, may also show scattered 
parasites and focal inflammatory mononuclear infiltrates.?"® 


In Toxoplasma chorioretinitis, destruction of the retina 
by tachyzoites is accompanied by a granulomatous reaction 
in the choroid and sclera, perhaps because the chronicity of 
the lesion permits the cellular hypersensitivity response to 
express itself. 


Because of the huge disparity between the number 
of persons infected by Toxoplasma and the sporadic 
overt illnesses it causes, this parasite is rarely identified 
as the cause of its various protean manifestations. Direct 
demonstration of T. gondii in tissue, the definitive 
diagnostic confirmation, is rarely achieved during the 
life of the patient when it is most needed. It is therefore 
prudent to obtain and compare the specific antibody 
titers at time of admission to the hospital, at the acute 
stage, and after some time interval for specific antibody 
titers whenever this infection is suspected.?!® 76 Adult 
toxoplasmosis is treatable by a combination of drugs, 
but the damage to the fetus is irreversible. 


HELMINTHIC DISEASES 


Helminths are the largest and most highly evolved 
and accomplished endoparasites of man because they 
rely on the longevity of individual worms rather than 
on their multiplication inside the host. Procreation is 
by eggs or larvae, which must be cycled through the 
environment or through intermediate hosts before hu- 
mans can be infected again. Helminths have strict host 
specificities either for a definitive species in whom 
sexual reproduction takes place, or for their intermedi- 
ate hosts or vector in whom reproduction is asexual. 
They achieve only stunted development in unsuitable 
hosts, e.g., when humans are infected with animal 
filariae.*°* Each species of parasitic helminth has its own 
intricately designed life cycle, seemingly fragile in its 
dependence on human or animal behavior, yet effective 
enough in some cases to maintain infections in millions 
of people.” Individual worm burdens in humans tend 
to be stable and long-lasting. Even reinfection does not 
often result in linear increases because the helminth- 
infected host builds up an immunity or because estab- 
lishment of a single worm interferes with the develop- 
ment of others (e.g., the solitary pig tapeworm, Taenia 
solium). Under endemic conditions, most persons har- 
bor a few worms and are free of disease; only a minority 
becomes heavily infected and ill. The enormous global 
prevalence figures reported—400 million infections with 
Ascaris, and 250 million with schistosomes—must there- 
fore be viewed as representing helminthic frequency 
and not necessarily helminthic disease. 

Many helminthic disease manifestations depend on 
the worms habitat or migration routes. On the basis of 
the habitat of the adult form, we can divide these 
parasites in an oversimplified manner into intestinal and 
blood-tissue helminths. However, several gut-dwelling 
worms have tissue-migrating larvae and the tapeworms 
can be human gut or tissue dwellers, depending on 
whether man serves as their definitive or their inter- 
mediate hosts. The only intracellular form among the 
human parasitic helminths is the muscle larva of Trich- 


inella spiralis, whose longevity compensates for the 
fleeting existence of its adult parent. 

The pathogenesis of helminthic diseases has been 
slow to unravel. Intestinal helminths can behave as 
commensals (i.e., as “accidental pathogens’), as oppor- 
tunists, or even, if sufficiently numerous, as virulent 
pathogens. Adult worms can cause disease by (1) com- 
peting for essential host nutrients (e.g., vitamin By, 
depletion by Diphyllobothrium latum); (2) mechanically 
obstructing or perforating the GI tract (Ascaris lumbri- 
coides); (3) blood-sucking [hematophagy] (the hook- 
worms, Ancylostoma and Necator); (4) inducing in- 
flammatory and malabsorptive changes in the gut 
(Strongyloides stercoralis); or (5) inducing host hyper- 
sensitivity reactions (many helminths). Hypersensitivity 
reactions are often caused by the migratory larval stages 
of those helminths that must invade tissues and undergo 
several molts in order to reach maturity in the gut. 
During that process, there is attrition of the less vigorous 
invasive larvae and shedding of surface antigens and 
somatic components. Although there is little evidence 
that these are toxic to the host, there is no doubt of 
their antigenicity and capacity to stimulate host antibod- 
ies and cellular immune responses. Nevertheless, the 
migratory schedules and antigenic variations of the 
developing forms permit a significant proportion to 
evade host defenses and reach the privileged gut envi- 
ronment. During reinfection, with host antibodies and 
memory cells poised to react to early helminth antigens, 
the number of developing forms able to reach their 
ultimate habitat is drastically reduced. Immunosuppres- 
sion can dramatically abolish this protection. Even eo- 
sinophilia, a hallmark of normal host immune responses 
to the richly glycosylated helminth antigens, can be 
abolished in an altered host. 

Intestinal roundworms require only resistance to 
the host digestive juices as their condition of survival, 
but tissue-dwelling worms have developed elaborate 
mechanisms to evade host cellular defenses and anti- 
bodies. (1) In developing flatworms and flukes, antigenic 
variations analogous to those of molting helminth larvae 
occur in their cytoplasmic tegument.?” (2) There is 
surface acquisition of host-derived molecules such as 
red cell and histocompatibility antigens, which serve to 
partially disguise the parasite’s identity.*”' (3) A general 
reduction in helminth surface antigenicity occurs, whose 
nature is still not fully understood.?” (4) Enzymes of 
larval and adult blood flukes can cleave host immuno- 
globulins, leading to complement consumption?” and 
inactivation of clotting factors.?% (5) Cystic tapeworm 
larvae release sulfated polysaccharides, which inhibit 
mediators of inflammation and can generate their own 
lipoxygenase products, thus inhibiting platelet aggre- 
gation.” (6) Leukocytes contacting the worm surfaces 
and phagocytosing their tegumental products soon de- 
tach themselves owing to the very high turnover of 
tegumental parasite glycoproteins and phospholipids.?” 
(7) Some helminths generate products that directly 
suppress the host immunocompetent cells?” or elicit 
specific T-suppressor cells, dampening immune re- 
sponses.” As research continues, other ingenious eva- 
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sive maneuvers of tissue helminths will probably be 
added to this compilation. 

Helminth challenge of an already infected host is 
always less likely to result in disease than primary 
infection, for the reasons already given, yet acquired 
resistance to a naturally occurring helminth infection is 
rarely complete. What generally ensues is the undis- 
turbed survival of the established adult worms in the 
face of increased and accelerated attrition of the chal- 
lenge-larvae, so that only a reduced number of new 
worms is added to the existing load. This “concomitant 
immunity 2” is known to be T lymphocyte—-dependent 
but its effector mechanisms are multiple and complex. 
In the schistosome experimental model, both antibodies 
and host effector cells are required for parasite killing, 
i.e., the process is antibody-dependent, cell-mediated 
(ADCC). Eosinophils are concentrated at the parasite- 
killing sites in vivo; in vitro, they can kill early parasite 
forms in the presence of specific antibody by discharging 
reactive oxygen products, phospholipase A,, and basic 
proteins against the invaders tegument.”° Similar evi- 
dence exists for other leukocytes, including macro- 
phages.”' It is thus still unclear whether eosinophils 
have a unique, protective role against helminth parasites 
or whether they simply act in concert with other leu- 
kocytes. 78 

Adult tissue-dwelling helminths generate eggs or 
larvae in volumes many times their own. Both parents 
and offspring are rich sources of excretory-secretory 
products, some functioning as proteolytic enzymes,” 
others as powerful, soluble, or particulate antigens 
capable of evoking strong host immune responses. Thus 
far, evidence is scant that these products are cytotoxic, ™ 
but circulating helminth antigens and antigen-antibody 
complexes can readily be detected and may play an 
important role in producing some of the lesions encoun- 
tered, e.g., nephritis complicating schistosomiasis or 
filariasis.°> More important, helminth antigens can 
evoke various forms of local or systemic hypersensitivity 
reactions or, quite frequently, combinations of reac- 
tions,” and it is generally agreed that the disease 
potential of tissue helminths is largely due to their 
capacity to induce a spectrum of host hypersensitivities. 
Tests for helminth-specific antibodies have been quite 
useful in epidemiologic studies and for clinical diagnosis, 
particularly when the parasites themselves are difficult 
to detect. The identification and use of antigens highly 
purified by monoclonal antibodies should further en- 
hance their clinical value.”’ By contrast, vaccination 
against helminths has thus far reached practical appli- 
cation only in the veterinary field. 


Fungal, Protozoal, and Helminthic Diseases and Sarcoidosis 


INTESTINAL ROUNDWORMS 


Ascariasis (Ascaris lumbricoides) 


The largest (up to 35 cm long) and most common 
of the intestinal roundworms, A. lumbricoides is distrib- 
uted worldwide and is indistinguishable from A. suis, 
the pig roundworm. It is spread between humans by 
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fecal-oral transmission. In most infected persons, A. 
lumbricoides acts as a commensal, stays in the gut 
lumen, produces no disease, and eventually dies spon- 
taneously and is shed. Infection is most common in 
children, becoming rarer from the second decade on. 
Eggs are excreted with the feces; larvae are liberated 
when Ascaris eggs are swallowed and reach the stomach. 
Following systemic tissue migration, they reenter the 
gut from the lung via the trachea and larynx, and mature 
into adults. 

Disease ensues under three circumstances. (1) Re- 
peated seasonal entry of Ascaris larvae may result in 
allergic respiratory symptoms. (Ascaris polysaccharide 
antigen strongly stimulates IgE antibody formation and 
has become a standard tool in basic immunology re- 
search.) (2) Heavy infection may obstruct a gut segment 
or sphincter. (3) Agitated worms may enter the appendix 
or common bile duct and cause perforation or bacterial 
infection with peritonitis, cholangitis, or sepsis. Allergic 
ascariasis with hypereosinophilia, asthma, or urticaria is 
a seasonal phenomenon in parts of the Near East, 
especially the Arabian peninsula.*** A more serious form 
has resulted from a massive oral load of pig ascaris eggs 
eaten during a college fraternity prank, inducing a 
spectacular allergic pneumonitis.”° Pyloric obstruction 
by worms, best demonstrated by barium swallow, some- 
times becomes an emergency in children, especially in 
the tropics, and can usually be alleviated without sur- 
gery. By contrast, appendiceal perforation requires 
emergency operation to avoid life-threatening bacterial 
and helminthic peritonitis. Near the perforated organ, 
Ascaris worms or eggs are found in the acute, fibrino- 
purulent exudate. Ascariasis of the common duct causes 
jaundice and gram-negative sepsis, and can simulate 
severe hepatitis of other causes; fortunately, it is ex- 
tremely rare. Although Ascaris infections have been 
linked to seizure disorders in children and to anemia or 
failure to gain weight, none of these charges have stood 
up to rigorous examination. It is interesting but still 
insufficiently documented that Ascaris-infected popula- 
tions tend to have fewer allergies of the atopic type. 


Trichuriasis (Trichuris sp.) 


T. trichiura, the whipworm, is a small intestinal 
roundworm up to 5.0 cm long with an attenuated 
anterior end (its “whip’). It is a very common, world- 
wide parasite whose life cycle lacks a tissue phase and 
it is simply transmitted by fecal contamination. It causes 
disease so rarely that the presence of its eggs in the 
stools serves largely as an indication to be alert for other 
parasites. However, poor children in the tropics or 
mentally retarded individuals sometimes acquire 
enough of these worms to make their cecum and colon 
appear villous. This comes about because the worms 
bury their anterior ends in the crypts of the mucosa, 
with their thicker half floating in the lumen. Massively 
infected persons may suffer from persistent diarrhea 
and tenesmus, and sometimes the load of worms com- 
bined with the edematous state of the mucosa produces 


sufficient obstruction and straining at stool to cause 
intussusception or rectal prolapse.*” Eosinophilia is 
common in heavy infections, the only ones meriting 
treatment with a vermifuge. 


Enterobiasis (Oxyuriasis) 


The pinworm, Enterobius vermicularis, is a tiny 
roundworm up to 13 mm long with prominent lateral 
ridges (alae), whose habitat is the gut. It causes the 
well-knewn night itch of children, and can be passed to 
siblings and sometimes to adults. Female worms migrate 
nightly to the anal skin for egg-laying, causing intense 
pruritus, insomnia, and irritability. Diagnosis can some- 
times be made simply by inspection of the anus for 
worms. Enterobius eggs also stick to a piece of Scotch 
tape placed over the anus, which can then be directly 
examined under the microscope. The response of night 
itch to modern vermifuges is near miraculous, but 
reinfection is very common. 

Intense, neglected enterobiasis can be complicated 
by spreading eczematous skin eruptions, and infection 
can be transferred to the nares. Enterobius has been 
suspect as a cause of symptoms simulating appendicitis 
and is regularly discovered in appendectomy specimens; 
however, its size is too small to obstruct the lumen and 
trigger bacterial superinfection (Fig. 8-47). Rarely, fe- 
male worms migrate from the anus into the vagina to 
reach the fallopian tube and pelvic peritoneum. Egg- 
laying in these sites results in chronic granulomatous 
inflammation plus scarring, which may simulate bac- 
terial or tuberculous pelvic inflammatory disease, thus 
producing a diagnostic conundrum when the pelvic 
lesions are discovered years after active enterobiasis has 
ceased.”°! 


Hookworm Disease (Necator, Ancylostoma spp.) 


Unlike other intestinal roundworms, Necator amer- 
icanus and Ancylostoma duodenale, with their sharp 
mouthplates, penetrate into the duodenal and jejunal 
mucosa and feed on blood. A considerable proportion 
of the blood is wastefully excreted into the intestinal 
lumen. Nevertheless, iron deficiency anemia due to 
hookworm alone is seen only in heavy infections, such 
as may still be found in some tropical countries and in 
the Appalachian region of the U.S. In many instances 
of tropical anemia, hookworm disease potentiates the 
effects of malnutrition, malaria, or mixed parasitic infec- 
tions of various kinds. 

The parasite’s life cycle requires hatching of infec- 
tive larvae following fecal deposition in the soil. Pene- 
trating the unshod skin of human feet, the larvae then 
undergo systemic migration and reach the lungs, from 
which they reenter the gut by being coughed up and 
swallowed. Adult worms are up to 10 mm long and each 
can waste up to 43 pl of host blood per day.”*? Hook- 
worm aneimia is most common where human fecal 
contamination of the soil is heavy, e.g., in children of 
village communities in the tropics, especially those 


Figure 8—47. Pinworms in appendix. 


whose diet contains little iron. In such populations, one 
also sees hypoalbuminemia and/or intestinal malabsorp- 
tion, but this may be a combined effect of the parasites 
and poor nutrition. Treatment of the hookworms and 
iron supplementation may sometimes unmask an un- 
derlying macrocytic anemia due to folate deficiency. 
The declining frequency of hookworm infection in older 
persons in endemic areas suggests acquired immunity; 
complete protection has been achieved in the dog by a 
radiated live hookworm larval vaccine. The most effec- 
tive measure against human hookworm anemia has been 
construction of rural latrines, as documented in Puerto 
Rico and the southern U.S.” 


The lesions in the gut are relatively minor; punctate 
hemorrhages may be seen, but villous atrophy, when pres- 
ent, probably has other causes, and the biting defects 
caused by the worms are promptly regenerated after ver- 
mifuge treatment. Larval migration through the lung is gen- 
erally silent. 


Strongyloidiasis (Strongyloides stercoralis) 


The mature parthenogenetic S. stercoralis female 
is small enough (up to 1 mm) to be almost entirely 
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buried in a single intestinal crypt of the duodenum or 
upper jejunum where these worms reside. Thus, like 
other intestinal roundworms, S. stercoralis is a luminal 
dweller, but it more readily damages the absorptive 
surface of the gut, giving rise to chronic enteritis and 
the malabsorptive syndrome. Moreover, its life cycle 
permits larvae to become infective both in contaminated 
soil and in the host intestine itself, especially in mal- 
nourished and immunosuppressed individuals. This in- 
ternal recycling of worms may result-in Strongyloides 
hyperinfection, i.e., in a progressive, potentially lethal 
accumulation of worms and migratory larvae.”* Stron- 
gyloides eggs mature high in the intestine and the 
resulting larvae are easily missed on stool examination; 
duodenal aspiration or biopsy may sometimes be re- 
quired for diagnosis. Transmission resembles that of 
hookworms and is more frequent in the rural tropics, 
but is not limited to these locales. Strongyloidiasis 
occurs throughout the U.S. and is especially frequent 
in the Appalachian region. Severe cases occur in insti- 
tutions for the retarded or insane where fecal contami- 
nation is a fact of life. Elsewhere in the Americas, Brazil 
has been a major focus for many years. 

In hypersensitive persons, larval skin penetration 
may give rise to an urticarial eruption that fades in a 
few days, but this is rarely recorded or remembered in 
the endemic setting. Similarly, larval lung migration at 
about seven days usually passes with a slight coughing 
episode, unless infection has been massive. The chronic, 
intestinal phase of infection may also remain asympto- 
matic but more often results in intermittent bouts of 
diarrhea, with or without evidence of malabsorption. 
Some patients, such as West Indian immigrants to 
Britain or the U.S., manifest a spruelike syndrome with 
weight loss, fatty stools, and a protein-losing enteropa- 
thy, which gradually disappears after therapy.” Endog- 
enous hyperinfection. as seen in protein-deprived chil- 
dren or immunosuppressed patients, is a grave illness, 
marked by nausea, fever, diarrhea, and (sometimes), 
paralytic ileus (an especially ominous sign). Concomi- 
tantly, there may be gram-negative sepsis, pneumonia, 
or meningitis, complications that tend to recur even 
after antibiotic treatment unless the underlying stron- 
gyloidiasis is also cured. Persistent eosinophilia is the 
rule in moderate infection, but this decreases in the 
hyperinfected, altered host. 


The lesions of strongyloidiasis mirror the clinical events. 
In mild, subclinical infection there may only be focal erythema 
and eosinophilia of the duodenal mucosa; females, eggs, 
and larvae, are found burrowed in mucosal crypts (Fig. 8— 
48). In malabsorptive cases, the lamina propria is heavily 
infiltrated, the mucosal villi are blunted, the lacteals are 
dilated, and there is widespread mucosal edema. With 
hyperinfection, there is often ulceration of the small bowel; 
the invasive, filariform larvae of the worm, larger in size than 
the rhabdoid larvae of the lumen, are found in submucosal 
lymphatics and blood vessels of the small bowel, surrounded 
by florid inflammation. Lower down, in the colon, they are 
seen mostly in the submucosa and muscularis, provoking 
focal accumulations of macrophages and lymphoid cells, but 
rarely well-defined epithelioid cell granulomas; the absence 
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Figure 8—48. Strongyloidiasis in duodenal mucosa with a central, 
coiled rhabditoid larva. 


of a vigorous tissue response may be an indication of the 
depressed T-cell function found in such patients. In fatal 
infections the body is literally “riddled with worms.’?°° Mi- 
grating filariform larvae are most frequently seen in the lung, 
often associated with hemorrhage but with little focal inflam- 
mation. They may also appear in any other organ, including 
the liver and the CNS. Septic bacterial foci facilitated by the 
hyperinfection and depressed immunity are commonly seen 
at this stage, and hemorrhagic pneumonia is often the final 
insult. 


Strongyloidiasis persists as a public health problem 
because of the same fecal contamination that permits 
other intestinal roundworms to prosper. It is, however, 
a more serious disease requiring as careful an evaluation 
and treatment as any life-threatening bacterial or viral 
illness. 


Capillariasis (Capillaria philippinensis)* 


These slender roundworms, up to 4.3 mm long, 
cause an endemic protein-losing enteropathy in com- 
munities of the Philippines and Northeast Thailand. 
They are capable of an endogenous cycle not involving 
tissue migration that can give rise to massive intestinal 
worm loads, sometimes producing malnutrition and 
cachexia. The infection is acquired from uncooked fish 
that contains the larvae of this helminth. The eggs of 
C. philippinensis resemble those of Trichuris trichiuria, 
but can be differentiated by careful examination, espe- 
cially when larvae are also present in the stools.?” 


TISSUE ROUNDWORMS 


Visceral Larva Migrans (Toxocara canis, cati) 


Toxocariasis is a zoonotic infection, acquired by 
children from puppies or kittens—the normal hosts— 
in whom the parasite undergoes full development. In 
man, the accidental host, worm development is stunted 
at the larval stage, but before these larvae die in the 
various organs they have reached, they can cause sig- 
nificant tissue destruction and hypersensitivity reac- 
tions. A hypereosinophilic syndrome with fever and 
hepatosplenomegaly is the usual clinical presentation, 
at times with prominent GI or respiratory symptoms or, 
rarely, visual impairment.””* Unlike the intestinal round- 
worms, which are diagnosable by stool examination or 
duodenal aspirate, Toxocara larvae can be seen only in 
tissue samples. In the absence of such direct identifi- 
cation, serologic tests are helpful in dealing with this 
occult parasitic infection.*” 

Toxocara, a large roundworm of the Ascaris family, 
is exquisitely adapted to canines or felines, which trans- 
mit the larvae transplacentally to their progeny; unless 
wormed early, these pets will shed many eggs into the 
environment in which children live and play. Ingested 
eggs liberate the larvae, which then enter the circulatory 
system and thus can reach any organ in the body. 


The larvae are about 400 x 20 yw in size and provoke 
large, eosinophil-rich inflammatory foci with central necrosis, 
often containing numerous Charcot-Leyden crystals. Larvae, 
particularly disintegrating ones, may be difficult to locate in 
such foci and may required step-sectioning of the entire 
biopsy sample. During active infection the liver is generally 
enlarged and may appear studded with grayish-tan nodules 
up to 1 cm in diameter containing eosinophils, plasma cells, 
and scattered giant cells; there is also diffuse portal inflam- 
matory infiltration with eosinophils and plasma cells. The 
lung may similarly show diffuse interstitial eosinophilia, re- 
sembling that seen in the acute allergic phase of human 
ascariasis or in Loeffler’s syndrome (p. 748). Focal lung 
granulomas may appear around: disintegrating Toxocara 
larvae.*° Many other organs, including the heart, CNS, and 
rarely the eye, may show similar foci, and the consequent 
endophthalmitis may lead to retinal detachment and blind- 
ness, usually unilateral. 


The active stage of toxocariasis begins suddenly or 
insidiously and lasts for several weeks or months, sub- 
siding after two weeks in most cases. Manifestations are 
protean and include fever, cough, nausea, anorexia, 
bodyaches, weight loss, drenching sweats, asthma or 
urticaria, enlarged tender liver, lymphadenopathy, stra- 
bismus, and a host of other confusing complaints. How- 
ever, the affected child rarely loses all energy or appears 
very sick. Persistent eosinophilia of up to 40% of the 
differential count is an important clue and there may be 
pronounced hyperglobulinemia. Eventually, if contact 
with infected pets is removed, the infection is self- 
terminating, but its course can be shortened and com- 
plications perhaps prevented by treatment. 


Toxocariasis should be suspected in children living 
in crowded households with pets, in those with pica 
(compulsive dirt-eating), and in the presence of unex- 
plained hepatomegaly, eosinophilia, or hyperglobuline- 
mia. It is likely that subclinical infections are much 
more frequent than the overt. 


Other Occult Zoonotic Tissue Helminths* 


Other helminths give rise to hypereosinophilic syn- 
dromes resembling that of visceral larva migrans, but 
are sufficiently uncommon to merit only brief mention. 
Angiostrongylus cantonensis, a parasite of the rat, causes 
eosinophilic meningitis in a wide area of the South 
Pacific, including Hawaii, and in Thailand, Vietnam, 
and Taiwan.*? Gnathostoma spinigerum, a roundworm 
of cats and dogs, causes a striking eosinophilia and a 
CNS syndrome similar to that seen with A. cantonen- 
sis.° India, Thailand, and Japan are the main endemic 
foci. Lesions and symptoms tend to be more severe 
than in angiostrongyliasis. Angiostrongylus costaricensis 
is a parasite of the wild rat transmitted to humans, 
mostly children, by garden slugs.°® Its territory ranges 
from Venezuela to Texas. Pain in the right iliac fossa, 
fever, and anorexia are the presenting symptoms, with 
marked leukocytosis and eosinophilia. An appendiceal 
or paracecal mass is sometimes discovered by palpation 
or x-ray examination and is due to egg-laying in the 
feeding arterioles of that region, resulting in a granu- 
lomatous, coalescent inflammatory swelling containing 
numerous ova. Anisakis marina is a large roundworm 
transmitted to humans when raw or smoked fish prod- 
ucts are consumed. Released into the human stomach, 
the infectious Anisakis larva actively burrows into the 
gastric or cecal wall where it eventually disintegrates, 
giving rise to large inflammatory masses of eosinophil- 
rich granulation and fibrous tissue with focal granu- 
lomas.** Ancylostoma braziliense and A. caninum are 
hookworms adapted to dogs and cats, which confine 
their migration to the human skin and subcutaneous 
tissue, thereby causing a “creeping eruption’ of in- 
flamed worm tunnels that heal after the zoonotic larvae 
succumb.°® Similar lesions can be caused by Gnathos- 
toma and certain arthropods. Creeping eruption is com- 
mon in the southeastern U.S. and in Puerto Rico and is 
most frequently contracted on sandy beaches where 
bathers frolic with dogs and cats. 

The entities mentioned do not by any means ex- 
haust the known varieties of zoonotic human helminth 
infections. The list grows longer yearly and may never 
be completed! 


Guinea Worm Infection (Dracunculus 
medinensis)* 


The guinea worm, a long, thin tissue helminth up 
to 120 cm in length, belongs to a species distinct from 
the filariae of similar shape (p. 381). It causes disabling 
and painful inflammatory swellings of the skin. The 
ancient practice of removing the worm from its super- 
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ficial location by winding it up on a stick is the probable 
origin of the caduceus, the emblem of medicine. Guinea 
worm disease is most common in parts of India and of 
West Africa, but occurs throughout the tropics. Buried 
in the human subcutaneous tissue, the adult worm 
discharges larvae into water via skin blisters. The fresh- 
water cyclops serves as the intermediary host and new 
patients become infested by drinking from infested 
water. Provision of protected water breaks the cycle. 
Migration and maturation of worms may take as long as 
a year. Once in its final skin habitat, the worm causes 
swelling and blisters that often are located on the outer 
malleolus of the foot, but also may appear in any other 
part of the skin. The lesions enlarge, becoming hard 
and edematous with the formation of multiple blisters 
and tracks that are prone to bacterial superinfection. 
The worm rears its ugly head where a blister has 
recently burst and thus becomes amenable to extraction. 
Death and degeneration of the worm lead to subcuta- 
neous abscess formation and eventual calcification. Eo- 
sinophilia is found both in the blood and in the ede- 
matous granulation tissue that borders the local reaction 
to the worm. Some patients additionally manifest urti- 
caria, and others become disabled by pain or inability 
to walk. Therapy consists of extraction of the worm by 
the traditional winding technique, or the administration 
of nitroimidazole drugs that simultaneously kill the 
worm?” and reduce inflammation. 


Trichinosis (Trichinella spiralis) 


Trichinosis is a common disease throughout the 
world contracted by eating meat containing viable cysts 
of Trichinella spiralis. In man the parasite larva localizes 
principally within the striated muscles and therefore 
evokes generalized muscular aches and pains. However, 
during the early stage of infection the lungs, brain, 
heart, and other structures are also invaded.*” The 
disease is transmitted by the ingestion of inadequately 
cooked meat. Smoked meats are also dangerous since 
they are not cooked. 

The larvae of the parasite encyst within the muscles 
of a wide variety of carnivores and omnivores. The chief 
reservoir for man is the infected pig (sometimes bear 
meat or other wild game). More stringent regulations— 
a decrease in garbage feeding of pigs, sterilization of 
garbage, and deep-freezing of pork—have markedly 
reduced the incidence of this disease in many countries. 
A 1950 U.S. study disclosed trichinosis in 16% of 
postmortems, but in 1968 the rate had fallen to 4.2%. 
During this same time span, the incidence of the disease 
in slaughtered pigs fell from 11 to 0.5%. No regulation 
is 100% fail-safe, and therefore trichinosis may prove 
difficult to eradicate completely. 

After ingestion of contaminated meat, the larvae 
are released in the stomach by proteolytic digestion of 
the cyst wall and attach themselves to the mucosa of 
the duodenum. As they mature into adult worms, they 
induce a mild transitory enteritis and malabsorption. 
About one week after copulation, a host of larvae are 
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produced that penetrate the lacteals and eventually are 
drained into the blood. In this manner, the migrating 
larvae are disseminated and produce cell damage 
throughout the body, e.g., in the lung, heart, and brain. 
Meanwhile the adult worms die and are expelled. The 
larvae next invade striated skeletal muscle cells and 
modulate them to create am intracellular environment 
suitable for their own growth and maturation. This 
remarkable biologic coexistence of skeletal muscle cell 
and larvae has led to the muscle cell being called a 
“nurse cell. 3% 


INFECTIOUS DISEASES 


After the first week of its intracellular existence, the 
larvae become enclosed within a membrane produced by 
the host muscle cells (Fig. 8-49), which persists for the life 
of the larvae, possibly for years. Death of the larva and its 
“nurse” incites an inflammatory reaction characterized prin- 
cipally by lymphocytes and eosinophils. In time the dead 
larva calcifies. Therefore, infections in both animals and man 
can be recognized by microscopic identification of the viable 
or calcified larvae within striated skeletal muscle fibers. The 
most intense parasitization is encountered in the most active 
muscles of the body having the richest blood supply, i.e., 
the diaphragm, extraocular eye muscles, laryngeal muscles, 
and deltoid, gastrocnemius, and intercostal muscles. During 
active trichinosis there is often focal basophilic degeneration 
of muscle fibers, a lesion that should motivate a careful 
search for Trichinella larvae. The calcified foci left by dead 
larvae are characteristic enough to permit retrospective 
diagnosis even decades later. 

During the invasive phase of trichinosis, cell destruction 
can be widespread and sometimes even lethal. Thus, in the 
heart, acute inflammatory changes are found during the 
early stages of the infection in the form of a patchy but 
widely scattered interstitial myocarditis, but the larvae do 
not become encysted. Instead they undergo necrosis and 
therefore cannot be identified. The inflammatory pattern in 
the myocardium is fairly nonspecific save for the prominence 
of eosinophils and some giant cells. Ultimately, fibrous 
scarring ensues. In the lungs, the reaction to the trapped 
larvae may consist only of edema and focal hemorrhages, 
but in some cases a marked leukocytic reaction with large 
numbers of eosinophils may appear, attributed to an allergic 
response. Invasion of the CNS is reflected by a diffuse 
lymphocytic and mononuclear infiltration in the leptomen- 
inges, and by the development of focal gliosis in and about 
the small capillaries of the brain substance, infiltrated with 
lymphocytes and eosinophils. Sometimes, necrotic larvae 
can be identified within these inflammatory nodules. 


In most clinical cases, a history of the ingestion of 
improperly cooked pork products can be obtained. 
Trichinae are killed by cooking at a minimum temper- 
ature of 60°C for at least 30 ininutes per pound of meat. 
Freezing the meat for 20 days at a temperature of 
— 15°C (5°F) will also effectively destroy the trichinae. 
In U.S. locations, therefore, outbreaks of trichinosis 
occur mostly among ethnic groups processing their own 
traditional pork dishes for festive occasions or among 
fanciers of wild game and exotic meats. However, the 
disease may appear anywhere and may mimic a variety 
of other infections, as well as the collagen-vascular 
diseases and hematologic disorders. The period of in- 
vasion of the intestinal mucosa may be marked by 


Figure 8—49. Trichinosis with a coiled encysted parasite larva within 
skeletal muscle. 


vomiting and diarrhea, symptoms that suggest “food 
intoxication.” During the hematogenous dissemination 
and the muscular invasion, widespread aches and pains 
and fever appear. Particularly characteristic are perior- 
bital and facial edema. Eye movement and breathing 
and swallowing may be painful; patients often complain 
of backache and aching pain in the legs or joints. Often 
the invasion of the lung evokes cough and dyspnea, the 
latter materially contributed to by the involvement of 
the respiratory muscles. The CNS invasion may lead to 
headaches, disorientation, delirium, and a variety of 
other signs and symptoms strongly suggestive of a diffuse 
encephalitis. Cardiac failure may appear when the myo- 
cardial injury is severe. But the combination of fever, 
muscle tenderness, eosinophilia, and swelling of the 
eyelids is most typical.°°° The eosinophilia can account 
tor 70% of the total white count. After the third week 
of the disease, serologic tests are positive except in 
overwhelming disease. A skin test is also available. 
Muscle biopsy, best taken near the tendinous insertion 
of the deltoids or gastrocnemius muscles, is definitive 
even earlier.*!° 

The mortality rate for trichinosis is low, but over- 
whelming infection may cause death when patients with 
severe involvement of the respiratory muscles develop 
intercurrent pulmonary bacterial infections or cardiac 
failure. Anti-inflammatory and symptomatic treatment 
will greatly reduce the severity of patient discomfort, 
but whether antihelminthic treatment is useful after 


larval invasion has occurred is debatable. Fortunately, 
mild and subclinical Trichinella infections are the rule, 
and severe ones the exception. Experimentally, even a 
minimal primary infection confers strong immunity to 
subsequent challenge, which may also be true of mild 
clinical infections. Several defensive mechanisms have 
been identified. At the time of adult worm development 
in the gut, a rapid rejection phenomenon is seen by 
which most female parasites are shed from the host 
mucosa before being able to deposit their larval prog- 
eny.*!! Newborn larvae, but not their later stages, are 
also susceptible to attack by eosinophilic and neutro- 
philic granulocytes in the presence of specific anti- 
body.*!2 Once ensconced in their “nurse cells,” how- 
ever, Trichinella larvae are protected from both immune 
and phagocytic destruction. 


Filariasis* 


Human filarial infections are widely endemic in the 
insect-ridden lowlands and coastal plains of the tropics; 
animal filariae occasionally infect man in temperate as 
well as in tropical zones. Tropical filariasis can be 
subdivided into (1) lymphatic filariasis, (2) onchocerciasis 
or “river blindness,” and (8) the lesser tropical filarial 
infections. The best-known zoonotic filariae are those of 
dogs and raccoons. 

Tropical filariasis is one of the great forgotten 
diseases of mankind. Progress in preventing and treating 
filariasis has been agonizingly slow. It is estimated that 
240 million people are infected by lymphatic filariae. 
Onchocerca infects about 40 million Africans. Much 
smaller numbers suffer disabling filarial disease, but the 
reduction of the working force increases the devastating 
impact of recurrent drought and famine on poor agri- 
cultural communities, such as those of India or of the 
Sahel region of Africa. Filariasis still exists in Puerto 
Rico, but in the continental U.S. only scattered cases 
are seen among immigrants and returnees from endemic 
regions; a large epidemic arose in U.S. Marines during 
the WW II Pacific campaign.** 

Filariae are long, stringlike nematodes whose fer- 
tilized females release tiny microfilariae into the lymph, 
blood, or skin. When taken up by biting insects, these 
microfilariae molt and metamorphose into infective 
third-stage larvae, ready to infect a new host via the 
vectors proboscis. Migration from the biting site to 
their definitive habitat in the human body and matu- 
ration to the mating stage midy take several months. 
Untreated human filariae survive for many years while 
maintaining steady microfilarial production. In lym- 
phatic filariasis only part of the infected human popu- 
lation shows parasitemia at any one time; those with 
early infections and those with acquired immunity to 
microfilariae have “occult filariasis,” i.e., infection un- 
detectable by blood concentration methods.*“ Infective 
larvae, adult worms, and microfilariae each have sepa- 
rate as well as shared antigens, and human immune 
responses vary individually and over the long duration 
of the disease. They range from virtual unresponsiveness 
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to vigorous hypersensitivity, and these variations ac- 
count in part for the protean manifestations of filariasis, 
making its diagnosis and management difficult. Epide- 
miologic data suggest that acquired immunity to human 
filariae exists, but its mechanism is uncertain, as is the 
mode by which filariae evade the host defenses.*!° 


LYMPHATIC FILARIASIS (Wuchereria bancrofti, Brugia 
malayi)* 


Wuchereria bancrofti measures up to 100 mm in 
length and is distributed worldwide in all tropical coun- 
tries. B. malayi, somewhat smaller (25 mm long), is 
limited to Southeast Asia from Ceylon to the Philippines 
and is found as far north as central China. W. bancrofti 
has no known animal reservoir and can be transmitted 
to monkeys only with difficulty. B. malayi has strains 
that can infect monkeys and cats (potential reservoir 
hosts). Mosquito vectors vary by species; urban ban- 
croftian filariasis found in the slums of many large 
tropical cities is transmitted mainly by Culex fatigans. 
As arule, these infections are milder than those of rural 
filariasis, which is transmitted by any one of 80 mosquito 
species, depending on locality. Malayan filariasis also 
has multiple mosquito vectors. 

Expatriates develop acute symptoms several 
months after contracting infection, but most residents 
in endemic areas remain indefinitely asymptomatic. The 
acute phase manifests itself as bouts of fever, lymphan- 
gitic streaking of an extremity, transient intrascrotal 
pain and swelling, urticarial rashes, or tender lym- 
phadenopathy, together with restlessness and apprehen- 
sion. Eosinophilia is regularly seen, but microfilaremia 
may or may not be detectable. Acute symptoms often 
subside spontaneously but may recur or gradually shade 
into the chronic phase. 


Chronic filariasis is characterized by persistent lymph- 
edema of the scrotum, penis, or vulva; the leg; or even the 
breast or arm (the latter particularly in the Pacific focus). 
Frequently there is hydrocele, sometimes grotesque, and 
lymph node enlargement. Rupture of a lymphatic varix may 
occur, leading to chyluria. Nodular inflammatory lesions or 
bacteriologically sterile abscesses may appear in the epidid- 
ymis, along the spermatic cord, in an extremity, or around 
the external genital organs. In severe and long-lasting infec- 
tions, chylous weeping of the enlarged scrotum may ensue 
(lymph scrotum) or a chronically swollen leg may develop 
tough subcutaneous fibrosis and epithelial hyperkeratosis, 
named “elephantiasis” (Fig. 8-50). Elephantoid skin shows 
dilatation of the dermal lymphatics with widespread lympho- 
cytic infiltrates and focal cholesterol deposits; the epidermis 
is thickened and hyperkeratotic. 


Histologically, when adequately sought, adult filarial 
worms are found in lymphatics or nodes in all infections. 
They are usually few in number, either live, or dead and 
calcified. Some have mild or no inflammatory reaction, 
although the lymphatics may be dilated and tortuous (lym- 
phangiectasis). Lymphatic dilatation and perilymphatic and 
nodal nonspecific inflammation are more common in symp- 
tomatic filariasis. An intense eosinophil inflammation is seen 
in patients with recurrent filarial funiculoepididymitis, proba- 
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Figure 8-50. Elephantiasis of scrotum due to filariasis. 


bly immunologically determined. In these lesions, lymphan- 
gitis extends far beyond the nesting points of the parasites 
themselves and may be hemorrhagic or fibrinous. The se- 
verest inflammatory lesions occur around disintegrating 
worms. Acute inflammation is followed by granulomatous 
foci that can be mistaken for mycobacterial lesions unless 
the parasite’s cuticular remnants are recognized. Organiza- 
tion of the endolymphatic exudate results in polypoid infold- 
ings of the vessel with persisting eosinophil and lymphocytic 
infiltration, a picture highly suggestive of lymphatic filariasis 
even if worms cannot be demonstrated. In endemic areas, 
filarial skin lesions often become superinfected by bacteria, 
with resulting cellulitis or abscess formation. In time the 
hydrocele fluid, which often contains cholesterol crystals, 
red cells, or hemosiderin, induces thickening and calcification 
of the tunica vaginalis. Microfilariae are difficult to find in 
histologic sections. Thus, the diagnosis frequently rests on 
combined clinical and pathologic criteria unless an adult 
parasite is found. 

In Southeast India, Singapore, and sporadically else- 
where, occult filariasis may not be associated with micro- 
filaremia or lymphatic obstruction. Instead there is a marked 
eosinophilia with asthma-like respiratory complaints or gen- 
eralized lymphadenopathy (“tropical eosinophilia” or 
“eosinophilic lung’), related to high titers of antimicrofilarial 
antibody capable of triggering mast cell degranulation.?"* In 
tropical eosinophilia, besides eosinophil infiltration of the 


lung or lymphoreticular organs, dead microfilariae are found 
surrounded by stellate, hyaline eosinophilic precipitates 
embedded in small epithelioid cell granulomas (Meyers- 
Kouvenaar bodies). 


Epidemiologic data suggest that filarial infection is 
cumulative over time and that chronic disease requires 
regular exposure. Prevention of mosquito-borne infec- 
tion is clearly the best hope for controlling filariasis. 
Diethylcarbamazine, now the standard treatment, effec- 
tively clears microfilariae from the circulation, but has 
adverse side effects and only limited activity against 
adult worms. A number of promising alternative drugs 
are under study, but no antifilarial drug can reverse 
established chronic lymphedema or hydrocele, and even 
surgery is only partially successful in these conditions. 
About half of the chyluria patients submitted to diag- 
nostic lymphangiograms sclerose their varix and are 
cured without operation.?" 


ONCHOCERCIASIS* 


Onchocerca volvulus, the largest of the human 
filariae, reaches up to 50 cm in length; it is transmitted 
by blackflies (Simulium sp.) rather than by mosquitos. 
The adult worm preferentially nests in the subcutaneous 
tissue and discharges its microfilariae into the intersti- 
tium of the skin rather than into the blood. The adult 
worms may eventually elicit unsightly subcutaneous 
nodules, but the most significant lesions of onchocer- 
ciasis are blindness and dermatitis caused by millions of 
microfilariae accumulated in the skin and in the eye 
chambers. The disease is often manifested only by 
pruritus. Onchocerciasis occurs in Africa and parts of 
Yemen and in an area ranging from Southern Mexico to 
Northern Brazil. 


Severe infection results in chronic dermatitis with focal 
darkening or loss of pigment in the skin and scaling; later 
there is epidermal atrophy, or subcutaneous edema with 
redundancy and thickening of the dermis. These stages of 
dermatitis have been graphically named “leopard skin,” 
“lizard skin,” and “elephant skin.’’*'® Lymph nodes, especially 
those of the groin, may show lymphocyte depletion and 
fibrosis and this may be followed by elephantiasis (“hanging 
groin’), seen mainly in Africa; in Yemen, onchocerciasis is 
associated with a marked papular dermatitis and with greatly 
enlarged lymph nodes, usually involving only one extrem- 
ity.*"° Severe dermatitis is much less common in Latin 
America, and the nodules more frequently localize in the 
upper part of the body, often overlying bony prominences. 

Histologic reactions to the adult worms are initially 
exudative, but later become granulomatous and fibrotic and 
eventually may calcify (Fig. 8-51). Reactions to live micro- 
filariae are scanty and predominantly mononuclear and 
eosinophilic. At the later stages of dermatitis, there is sub- 
cutaneous edema, epidermal thickening, and hyperkeratosis 
with patchy pigment incontinence or hyperpigmentation, and 
finally fibrosis and dermal atrophy. The progressive eye 
lesions begin with punctate keratitis along with small, fluffy 
opacities of the cornea caused by degenerating microfilariae, 
which evoke an eosinophilic infiltration. This is followed by 
sclerosing keratitis, which opacifies the cornea, beginning at 
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Figure 8-51. Onchocerciasis (Onchocerca volvulus) with gravid 
filaria enclosed in a subcutaneous fibrous nodule. 


the scleral limbus. In addition, microfilariae in the anterior 
eye chamber give rise to iridocyclitis, sometimes ending in 
glaucoma; involvement of the choroid and retina, although 
less frequent, eventually results in atrophy and irreversible 
loss of vision, sometimes affecting the optic nerve itself.*"® 
Unfortunately, antimicrofilarial drugs can cause an allergic 
flareup of the skin and eye lesions (“Mazzotti reaction’). 


Microfilariae reach the inner organs as well and can 
sometimes be detected in the urinary sediment,*” but 
diagnosis is usually made by skin biopsy and direct 
microscopy. 


MINOR TROPICAL FILARIAE (LOA, MANSONELLA, 
DIPETALONEMA SPP.)* 


These species rarely cause incapacitating illness. 
Loa loa elicits transitory skin swellings caused by mi- 
grating adult worms, preferentially beneath the con- 
junctiva (it is sometimes called the “eye worm’). D. 
streptocerca may cause itchy skin nodules or lesions 
that can be confused with leprosy or onchocerciasis.*” 
All the species give rise to eosinophilia, and sometimes 
fever. Diagnosis and treatment are the domain of ex- 
perienced consultants. 
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ZOONOTIC FILARIASIS (Dirofilaria immitis, D. tenuis, 
Brugia beaveri) 


Few physicians recall that biting arthropods can 
inoculate man with filariae adapted to other mammalian 
species. The dog heartworm, D. immitis, when trans- 
mitted to humans, develops only to its larval stage. 
Usually, a single larva is embolized from the right heart 
chambers into a pulmonary artery branch where it 
succumbs, giving rise to a small pulmonary infarct or 
coin lesion readily mistaken on x-ray examination for a 
tumor or other infection. Microscopically, such a lesion 
shows infarcted lung tissue in its center and granuloma- 
tous inflammation in its periphery; eosinophils may or 
may not abound in the specimen, and are rarely elevated 
in the blood. The causal worm in a feeding artery can 
easily be missed. The internal cuticular ridges of Diro- 
filaria, seen in cross section, are pathognomonic.*” 

D. tenuis, a parasite of the raccoon, also causes 
abortive infections in man, in the form of either inflam- 
matory subcutaneous nodules that come to surgery as 
presumed granulomas or dermatofibromas, or with other 
miscellaneous diagnoses. The conjunctiva has been a 
preferred site for D. tenuis larvae.?® The larval worm 
occupies the center of the lesion, which is granuloma- 
tous and eosinophilic with marked peripheral fibrosis. 
D. immitis is endemic throughout the U.S., but D. 
tenuis infection prevails mostly in the South, especially 
in Florida. 

Brugia beaveri, a parasite of the raccoon and the 
lynx, is a relative of the tropical Brugia sp. and, simi- 
larly, homes to lymph vessels and nodes. This infection 
has been reported along the Eastern seaboard from New 
York State to Quebec. The usual history is one of a 
single swollen lymph node, often in the neck or thoracic 
region, without any systemic manifestations. The differ- 
ential diagnosis of lymphoma is often raised and the 
lymph node is then excised, resulting in cure. The 
correct diagnosis can be missed unless sufficient histo- 
logic sections are taken to discover a single, immature 
filaria, either intact or damaged, usually present at or 
near the lymph node hilus. The lymph node itself shows 
variable follicular hyperplasia, eosinophilia, or reticu- 
losis. Peripheral eosinophilia is absent, and specific 
serologic tests are not yet available.*” 

None of the three animal filariae reviewed here are 
common causes of disease nor do they cause serious 
human illnesses, but they can give rise to puzzling 
diagnostic problems. 


CESTODES, TAPEWORMS 


Tapeworms are intestinal parasitic flatworms (Platy- 
helminthes); some species may achieve lengths of 3 to 
6 m. They possess a small head or scolex generating 
thousands of rectangular proglottids that articulate with 
each other and make up the bulk of the worm. Human 
tapeworm infections take one of two forms: (1) that in 
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which the mature tapeworm is attached to the intestinal 
wall, and (2) that in which the larval forms invade the 
organs of the body to produce so-called larval cestodiasis 
(cysticercosis). 


INFECTIOUS DISEASES 


Intestinal Tapeworm Infections 


Among the many tapeworm species, four in partic- 
ular may cause intestinal disease in man: Taenia saginata 
(beef), T. solium (pork), Hymenolepis nana (dwarf), and 
Diphyllobothrium latum (fish). Infection caused by these 
parasites is worldwide in distribution and is usually 
contracted by the ingestion of undercooked meat or 
fish. The meat of the intermediate host animals contains 
encysted larvae that excyst in the human intestinal tract 
and then mature into adults. These worms attach them- 
selves to the bowel wall by their scolex bearing hooks 
and sucker plates. The mature worm then progressively 
develops to the extraordinary lengths mentioned above. 
Adult tapeworms are well-adapted hermaphroditic par- 
asites that seem to regulate their own numbers; thus, 
T. solium occurs singly as an example of “concomitant 
immunity. In many patients, tapeworms evoke no 
clinical signs or symptoms. 

Clinical manifestations may arise, however, from 
(1) the physical mass of worms causing intestinal obstruc- 
tion or (2) the competitive uptake of vitamin B,, to 
induce a megaloblastic anemia (p. 630). Systemic man- 
ifestations, including dizziness, restlessness, inability to 
concentrate on schoolwork, and others, have also been 
described. 

The diagnosis of intestinal tapeworm infection is 
usually made by the finding of proglottids in the stools, 
more rarely by finding eggs, or by radiography (with 
contrast media) outlining the large tapeworms. Since all 
Taenia sp. eggs are similar, identification of the worm 
species depends on detailed examination of the proglot- 
tid. Careful stoo] examination is required after a ver- 
mifuge to make sure that the worm’s scolex has been 
expelled, since otherwise the worm will regenerate. 
Removal of the scolex by colonoscopy is one of the 
crowning achievements of modern medical technol- 
ogy,°* but a good vermifuge can do the same job with 
less effort. 


Cysticercosis 


Man becomes the definitive host of the adult tape- 
worm, T. solium, by acquiring its larvae from pork 
meat. By contrast, unwitting ingestion of Taenia eggs 
deposited on fecally contaminated vegetables or self- 
contamination with such eggs converts man into the 
intermediate host. This is a more serious condition since 
each ingested egg spawns a hexacanth embryo, which 
penetrates the gut and is disseminated through the 
blood to develop into a cystic larva (cysticercus) in any 
body site, including the CNS or heart. Depending on 
the number and location of cysticerci, infections vary 
from inconsequential to life threatening. 


Cysticerci may be found in any organ but preferred 
localizations are the brain, muscles, skin, and heart. They 
are ovoid, white-to-opalescent parasite cysts, rarely exceed- 
ing 1.5 cm in size, which contain an invaginated scolex 
bathed in clear cyst fluid (Fig. 8-52). The cyst wall is over 
100 yw thick, is rich in glycoproteins, and evokes remarkably 
little host reaction as long as it remains intact. Once im- 
planted, cysticerci endure in their dormant ccndition for many 
years, but eventually degeneraie or break open and induce 
granuloma formation, focal scarring, and calcification, some- 
times visible on radiographs as round, opaque densities. 
Rarely, a cysticercus may proliferate to larger size or to a 
branching, racemose stage. 

Subcutaneous cysticerci form palpable nodules and are 
often removed by excision biopsy after which the larvae can 
be visualized. Even degenerate cysticerci are recognizable 
by their many tiny, sharktooth-shaped birefringent hooklets, 
which are nearly indestructible. The finding of cutaneous 
cysts virtually guarantees CNS involvement, but the con- 
verse is not true. Cysts may involve the meninges, gray or 
white matter, sometimes even the sylvian aqueduct or ven- 
tricular foramina so as to block spinal fluid circulation. 


Neurologic symptoms are protean, seizures being 
the most common. Occasionally, a cysticercus floating 
in a ventricle causes a rise of intracranial pressure and 
headache each time the patient lies down. Cysticerci of 
the psychomotor cortex may cause tumor-like localizing 
signs, but these are often absent even in heavy infec- 
tions. Whether personality or psychiatric abnormalities 
can ensue from cysticercosis is controversial.*** Bizarre 
symptoms also occasionally arise from myocardial cysti- 
cercosis. CT scans have greatly increased diagnostic 
accuracy and, in combination with x-ray studies, can 
detect both mild and severe CNS cysticercosis. An 
improved serologic test (ELISA) is also available. Thus, 
for the first time, large numbers of infected patients are 
now being found in the American Southwest and urban 
Northeast, many among Hispanics or Koreans. The 
problem is vastly greater in countries where there is 


Figure 8-52. Cysticercus in subcutaneous tissue showing inverted 
scolex with sectioned hooklets (center) and suction cups (both 
sides). 


fecal contamination of agricultural soil and where pork 
is a prized item in the diet. (The larvae of T. saginata, 
the cattle tapeworm, do not thrive in man.) Appropriate 
drug therapy effectively suppresses this parasite but has 
no effect on old or calcified foci.* Although infected 
persons show dermal hypersensitivity to cyst fluid, 
allergic or hypereosinophilic episodes are uncommon in 
cysticercosis. 


Echinococcosis (Hydatid Disease) 


Adult tapeworms of the genus Echinococcus are 
small and give their canine hosts little trouble. The 
intermediary hosts, including man, bear the brunt of 
the disease. Man becomes the accidental host by in- 
gesting canine tapeworm eggs; these hatch in the duo- 
denum, releasing invasive embryos that traverse the 
mucosa, enter portal branches, and are swept first into 
the liver, then to any other organ of the body. After 
long periods of silent growth, large parasitic cysts— 
hydatids—are formed in the liver and elsewhere; these 
can cause disease by compressing vital structures, by 
spilling allergenic cyst fluid, or by spawning proliferative 
“daughter cysts” that engage in tumor-like parasite 
growth. Bacterial superinfection converts the cyst into 
a large abscess. The disease, therefore, presents in many 
diverse clinical forms. 

Echinococcus granulosus, causing unilocular hyda- 
tid cysts, is the most prevalent species. Its European 
strain cycles between dogs and sheep. Human infection 
is cosmopolitan, but is most common in the sheep- 
raising areas of the Western U.S., Australia, New Zea- 
land, Argentina, the Eastern Mediterranean, and the 
Near East. A Northern strain of this parasite has a wild- 
animal cycle involving wolves and deer; human cases 
are seen mainly in subarctic regions, including Alaska, 
Canada, and Siberia, and are usually quite severe. Two 
other echinococci are transmitted only by feral cycles. 
E. multilocularis is transmitted to moles and rodents by 
wild canines and sled dogs. In man, it causes multiloc- 
ular (or alveolar) hydatid cysts with unrestricted bud- 
ding and without scolices, which invade the liver much 
like a malignant tumor. This species shares the Arctic 
distribution of E. granulosus, but also exists in Central 
and Eastern Europe. E. vogeli, cycled between wild 
dogs and pacas, is responsible for multilocular hydatids 
in Northern Latin America and Panama.*”° 


About two-thirds of human E. granulosus cysts are found 
in the liver, 5 to 15% in the lung, and the rest in bones, 
brain, or other organs. In the various organs, the larvae 
lodge within the capillaries and first incite an inflammatory 
reaction composed principally of mononuclear leukocytes 
and eosinophils. Many such larvae are destroyed but others 
encyst. The cysts begin at microscopic levels and progres- 
sively increase in size, so that in five years or more they 
may have achieved dimensions over 10 cm in diameter. 
Enclosing an opalescent fluid is an inner, nucleated, germi- 
native layer and an outer, opaque, non-nucleated layer. The 
outer non-nucleated layer is quite distinctive and has 
innumerable delicate laminations as though made up of 
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many layers of gelatin. Outside this opaque layer, there is a 
host inflammatory reaction that produces a zone of fibro- 
blasts, giant cells, and mononuclear and eosinophilic cells. 
In time, a dense fibrous capsule forms. When these cysts 
have been present for about six months, “daughter cysts” 
develop within them. These appear first as minute projec- 
tions of the germinative layer, which develop central vesicles 
and thus form tiny “brood capsules.” Scolices of the worm 
develop on the inner aspects of these brood capsulés and 
separate from the germinative layer to produce a fine, 
sandlike sediment within the hydatid fluid (Fig. 8-53). 

This is the sequence followed in the soft tissues, such 
as the liver, that permit the progressive enlargement of the 
cyst. When the original implantation occurs in bone, the 
hydatid vesicle usually develops near the epiphyseal end or 
in vertebrae and flat bones. Fibrous adventitial encapsulation 
of the larva does not occur, and as it grows and develops it 
permeates the spongy trabeculation of the bone to produce 
multiple microcystic diverticula. The intervening fragments 
of bone undergo pressure atrophy and frequently the bone 
cortex is eroded, so that spontaneous fractures are not 
uncommon.*’ Cysts that locate in the lung eventually erode 
into bronchi and are dramatically coughed up, fluid, mem- 
brane, and all; this sometimes results in spontaneous cure 
but, rarely, freak penetration of a cyst into pulmonary vessels 
or heart chambers may cause lethal embolism. Liver and 
other abdominal cysts eventually become leaky, resulting in 
sterile inflammation or bacterial superinfection. This causes 
shrinkage, fibrosis, and eventual calcification of the cyst and 
destruction of the parasite structure, with only the patho- 


Figure 8—53. Echinococcosis. Wall of a cyst with laminated outer 
layer and inner germinative layer (above). The cystic lumen contains 
many daughter “brood” capsules. 
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gnomonic, hooklet-bearing, degenerate scolices remaining 
intact amid the pastelike, yellow, cholesterol-rich debris.%2¢ 
Cyst rupture into a large bile duct can result in acute 
cholangitis or cholecystitis. 


INFECTIOUS DISEASES 


As is evident from its many localizations, disease 
due to the dog tapeworm may present in various mys- 
tifying guises. The clinical symptoms of unilocular hy- 
datid disease derive mainly from its complications, e.g., 
from compression of or rupture into vital structures. 
Except in the brain or heart, the parenchymal atrophy 
caused by the gradual expansion of the cyst can be 
remarkably silent. However, external leakage of cyst 
fluid caused by trauma or surgical spillage can spark an 
acute anaphylactic attack with severe allergic symptoms 
accompanied by hypereosinophilia.*’ Surgical removal 
of these cysts is hazardous because spillage can also 
result in multiple cysts throughout the abdomen, unless 
they are sterilized by injection before excision. 

Eosinophilia may or may not be present. Serologic 
tests for E. granulosus antigen and antibodies have been 
much improved and CT scans have greatly increased 
the accuracy of diagnosis. Drug therapy is moderately 
successful in sterilizing the cysts, but some have to be 
surgically removed. 

E. multilocularis larvae, which generate alveolar 
cysts with budding and invasive growth in the human 
liver, cause manifestations virtually indistinguishable 
from those of a primary liver cell tumor; the cysts can, 
in fact, invade the caval or portal veins or metastasize 
to the lung. Various combinations of drugs and surgery 
have been tried in this unusual infection with only 
moderate success. The untreated disease has been 100% 


lethal. 


TREMATODES (FLUKES) 


Fascioliasis (Liver Fluke, Fasciola hepatica) 


Human fascioliasis is caused by the hermaphroditic 
flatworm F. hepatica (in Hawaii also F. gigantica), a 
trematode (fluke) normally adapted to sheep and cattle. 
The disease is acquired by eating watercress contami- 
nated with the metacercarial form of the parasite. Its 
acute stage, marked by fever and abdominal pain, results 
from tissue migration and maturation of worms that 
eventually settle in the lumen of the gallbladder/or bile 
ducts; the chronic stage is characterized by biliary 
obstructive symptoms. The disease is worldwide in both 
temperate and tropical zones; in the U.S. it is most 
frequent in Puerto Rico.*” 

The leaf-shaped adult parasites are up to 4 cm long; 
in the lumen of the biliary tree, they produce inflam- 
mation, intermittent obstruction, and dilatation with 
considerable thickening of the wall. F. hepatica releases 
large amounts of proline, presumed to stimulate bile 
duct or gallbladder hyperplasia and fibrosis.*° The op- 
erculated Fasciola eggs, excreted via the feces, are 
diagnostic, although rarely present in large numbers. 


In the U.S., most cases are sporadic, but in Euro- 
pean countries where family farms are more prevalent, 
larger community outbreaks have occurred, usually 
three months after consumption of contaminated water- 
cress (the time needed for maturation of the flukes). 
The early symptoms of the acute disease are malaise, 
intermittent fever, night sweats, weight loss, and right 
upper quadrant pain and are not distinctive; not all 
patients show eosinophilia or urticarial rashes or ele- 
vated sedimentation rates. The acute phase is self- 
terminating, but treatment with drugs will shorten its 
course and prevent later biliary obstructive complica- 
tions that include colicky pain, jaundice, and bacterial 
superinfection. Occasionally, ectopic migration of worms 
produces painful subcutaneous nodules. 


During the early migratory phase of fascioliasis, there 
is hepatomegaly with hemorrhagic-necrotic worm tracts, best 
seen in the subcapsular portion of the liver and sometimes 
resulting in peritoneal hemorrhage also. These lesions are 
replete with eosinophils and other inflammatory cells, but 
they ultimately heal, leaving only minor scars. Chronic Fas- 
ciola cholecystitis and cholangitis resemble the lesions 
caused by biliary calculi, but often show marked local eosino- 
philic infiltration, and there is hyperplasia of the bile duct 
epithelium, which is thrown into redundant infoldings. In the 
human liver, pericholangitis and periportal fibrosis are usually 
minimal. 


With replacement of family farming by agribusiness 
in the U.S., fascioliasis is destined to vanish. Mean- 
while, it continues sporadically to pose a diagnostic and 
epidemiologic challenge. 


Clonorchiasis and Opisthorchiasis* 


These two smaller liver flukes (up to 1.5 cm long) 
differ from F. hepatica in many respects: (1) they are 
acquired by the eating of raw freshwater fish or crayfish 
that harbor metacercariae; (2) they commonly infect 
man, and dogs and cats in large numbers; (3) they 
colonize the small and large intrahepatic bile ducts, and 
therefore produce chronic cholangitis with extensive 
liver damage and intrahepatic gallstones; and (4) they 
are associated with a high frequency of cholangiocarci- 
noma. 

Clonorchis sinensis is widespread in the Far East, 
ranging from Korea and Japan to Indochina, and is 
especially common in Hong Kong. Opisthorchis viver- 
rini is hyperendemic in parts of Thailand and Laos. O. 
felineus is reported mainly from Poland and the Soviet 
Union. Oriental liver fluke disease lacks an early tissue- 
invasive phase but instead develops in a chronic and 
insidious fashion. Persons infected by few worms may 
remain asymptomatic indefinitely. In heavier infections, 
anorexia, diarrhea, slight jaundice, and right upper 
quadrant discomfort are the most common complaints. 
Liver enlargement and eosinophilia may be present. 
Only by cholangiography or arteriography can the 
marked anatomic changes be appreciated: the hepatic 


vessels are stretched and narrowed, while the ducts 
show multiple irregularities and narrowings, often with 
berry-like dilatations. Sometimes the shadows caused 
by the leaf-shaped worms are also visible. Diagnosis is 
made by finding the tiny (80-y), thick-walled, opercu- 
lated eggs of these parasites in the stools. 


At autopsy, the liver is often enlarged; on section, it 
shows irregularly-dilated bile ducts lined by fibrous tissue. 
The parasites can sometimes be flushed out and examined 
by compressing the organ, but more often are found only 
microscopically. In complicated cases, there is often chole- 
stasis, bacterial superinfection, or multiple stone formation. 
In the earliest lesions, microscopic evidence of inflammation 
of the bile ducts is usually modest and eosinophilia is 
uncommon. Unlike schistosome eggs (p. 388), the tightly- 
sealed eggs of the liver flukes cause little or no granuloma- 
tous inflammation. However, metaplasia and proliferation of 
the bile duct epithelium are marked and there is periductal 
fibrosis.*** The gallbladder may also be parasitized and 
inflamed, especially in O. viverrini infection. In some cases 
the pancreatic ducts show epithelial metaplasia and partial 
obstruction, but the large, extrahepatic bile ducts are seldom 
abnormal. Cholangiocarcinoma, a rare tumor in the West, is 
a common form of cancer where Oriental liver flukes are 
endemic. 


Therapeutic agents are available that are likely to 
diminish morbidity in the future; prevention of fecal 
contamination of fish ponds by humans and domestic 
animals is the long-term solution. 


Fasciolopsiasis* 


The large intestinal fluke Fasciolopsis buski (up to 
7 cm long) localizes principally within the small bowel, 
where it usually causes rather mild inflammatory 
changes. For the most part these infections are found 
in India and China and other countries around the 
Indian Ocean. The pig is a major reservoir. When 
humans or animals deposit eggs in fresh water, a larval 
form, the miracidium, hatches and invades an appro- 
priate snail. Within this host, the larvae are transformed 
to cercariae, which upon leaving the snail become 
encysted on water plants. 


Man contracts the infection by the ingestion of the 
contaminated plants or water. The cysts are dissolved in the 
upper intestinal tract, and the larval forms emerge, mature 
into adult worms, and become attached to the mucosa of 
the small bowel by means of their suckers. At the local sites 
of involvement, a hemorrhagic inflammation ensues which 
is at first fairly nonspecific, although principally characterized 
by eosinophils. As these focal injuries progress, actual 
abscesses may develop in the mucosa, with considerable 
destruction of the intestinal mucosa. 


As a consequence of these anatomic lesions in the 
small bowel, patients often have abdominal pain and 
diarrhea. When the infection is very severe, a general- 
ized, constitutional febrile reaction sometimes appears, 
accompanied by facial and periorbital edema. Very 
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infrequently, tangled masses of worms may produce 
acute intestinal obstruction. Diagnosis is made by iden- 
tification of the characteristic eggs in the feces. 


Paragonimiasis (Lung Fluke, Pulmonary 
Distomiasis)* 


Flukes of the genus Paragonimus are small flat- 
worms, 1.2 cm long, which cause cystic and inflamma- 
tory lesions mainly in the lung, more rarely in the brain 
and abdominal and other organs. Uncooked crabs and 
crayfish containing the metacercarial form are the main 
sources of human infection, and the parasite’s life cycle 
is maintained by many hosts including dogs, cats, and 
humans. Chronic cough, bronchiectasis, and hemoptysis 
are the most common manifestations. Formerly believed 
to be due to a single species (P. westermani) and limited 
to the Far East and Philippines, paragonimiasis caused 
by five other species has now been found in many parts 
of the tropics including Central and South America and 
West Africa. In the U.S., clinical cases in Asian immi- 
grants have recently increased in number. 

Paragonimus eggs are coughed up, swallowed, and 
excreted with the feces. They hatch in water and release 
their miracidia, which then enter several susceptible 
snail species and develop into cercariae. When liber- 
ated, these attack various second intermediate crusta- 
cean hosts in which they encyst, to be eaten by man or 
other definitive hosts. 

The ingested young flukes excyst and traverse the 
gut wall, peritoneum, and diaphragm on their way to 
the lung, usually without causing significant lesions or 
symptoms; however, parasites that die in ectopic loca- 
tions can give rise to focal abscesses, e.g., in the gut 
wall, pancreas, or brain. Such ectopic lesions are most 
common in heavily infected individuals; cerebral para- 
gonimiasis, simulating brain tumors, epilepsy, or men- 
ingitis, is therefore most common in highly endemic 
areas such as Korea, Japan, and parts of China, where 
local brain calcifications are frequent x-ray findings. 
Once arrived in their definitive habitat, the lung, the 
parasites incite an encapsulating inflammatory host re- 
action rich in eosinophils, and end up forming multiple 
cysts, each a few centimeters in size. Here they lay 
large numbers of thick-shelled, operculated eggs, which 
add to the inflammatory process by inciting a granu- 
lomatous reaction. Sooner or later, Paragonimus cysts 
rupture into bronchioles, and their eggs, together with 
exudate and blood, begin to be expectorated or swal- 
lowed.*” Chronic bronchial irritation by the long-lived 
worms and their eggs and by occasional dead parasites 
then leads to focal organizing pneumonitis and bron- 
chiectasis. There frequently is bacterial superinfection. 
At this stage, the clinical picture often simulates tuber- 
culosis, and in the Orient these two infections frequently 
coexist. Pure paragonimiasis less frequently involves the 
lung apices and subpleural parenchyma than does tu- 
berculous infection. Abdominal symptoms are rarely 
present without significant pulmonary pathology. 
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Histopathologically, the lesions of paragonimiasis are 
varied. The cysts in the lungs form abscess-like collections 
of eosinophils mixed with Charcot-Leyden crystals. In the 
cyst wall and around eggs extruded from cysts, granulomas 
arise. Similar changes are seen in cerebral and ectopic 
Paragonimus lesions. Fibrous scarring then ensues, extend- 
ing outward in radial fashion to further complicate the picture. 
Peripheral blood eosinophilia is inconstant, and diagnosis 
depends almost exclusively on identification of the parasite 
eggs in the sputum or feces. 


The severity of the disease depends on the intensity 
of infection and ranges from mild to lethal. Clinical 
diagnosis is difficult, sometimes only recognizable when 
the characteristic lung cysts containing brownish mate- 
rial are visualized in a surgical or autopsy specimen, or 
when eggs are demonstrated on a smear. 


Schistosomiasis (Bilharziasis)* 


Man is the host of several species of schistosomes 
that reproduce sexually in the venous bloodstream. The 
adult parasites are well adapted to their human habitat 
and cause few changes, but the numerous eggs they lay 
elicit hypersensitivity granulomas in many organs; these 
ultimately result in fibrosis of the liver or in obstructive 
uropathy, and less frequently in lesions of other organs 
including the CNS. The disease occurs throughout the 
tropics wherever the parasite’s specific snail intermedi- 
ate hosts are found. Of the 250 million people estimated 
to bear these infections, about 5% may suffer severe 
disease. Schistosomiasis therefore ranks high among the 
chronic endemic infections of mankind.*” 

Six schistosome species are known to infect man. 
The major ones are S. mansoni (Africa, Latin America, 
the Caribbean, parts of the Near East); S. japonicum 
(China, the Philippines, other parts of the Far East): 
and S. haematobium (Africa and parts of the Near East). 
Most species seek the portal vein branches as their 
habitat, but S. haematobium prefers the pelvic vena 
caval tributaries. Several species, but not S. mansoni, 
can also naturally infect animal reservoir hosts other 
than nonhuman primates,*“ and several animal schis- 
tosomes can cause abortive human infections in which 
the parasites die largely in the skin, giving rise to a 
hypersensitivity dermatitis named “swimmer’s itch” or 
cercarial dermatitis. This self-terminating disorder oc- 
curs in both temperate and tropical settings, including 
the U.S. 

Endemic human schistosomiasis is transmitted by 
water contact. The free-swimming, fork-tailed cercariae 
released by infected snails quickly burrow through the 
human epidermis, converting to young worms or schis- 
tosomula. These enter the bloodstream, pausing in the 
lung at four to 14 days, and continue recycling until 
they reach the intrahepatic portal radicles where they 
mature, finally descending into the mesenteric or pelvic 
venules where they begin their mating and egg-laying. 
Schistosome eggs measure up to 150 pw in length, too 
large to traverse capillaries; they are faintly yellow and 
translucent with a terminal (S. haematobium) or lateral 
(S. mansoni) spine, and contain a miracidial embryo. 


When mature eggs are deposited in water with human 
feces or urine, the miracidium hatches and seeks the 
specific intermediate snail host in which the asexual 
part of the life cycle is completed, culminating in the 
reemergence of cercariae. The early stages of infection 
are usually silent, but a fleeting rash may sometimes 
mark the penetration sites, and sometimes cough, fever, 
eosinophilia, and asthma-like symptoms appear. Each 
fertilized female in perpetual copulation with a male 
can lay up to 500 eggs per day. The 1.5-cm long adult 
worm pair, wedged into a venule near the gut or urinary 
lumen, expels its eggs, and these are either extruded 
into the feces or urine or caught in the wall of the 
conduit, or swept back by the bloodstream into the liver 
or lung. Although this early stage of the infection is 
usually asymptomatic, some individuals, often visitors 
from outside the endemic area, become febrile during 
this period, with high eosinophilia, hepatosplenomeg- 
aly, diarrhea, or allergic manifestations: this symptom 
complex is named acute schistosomiasis, toxemic schis- 
tosomiasis, or Katayama fever (in Japan). It, too, re- 
verses spontaneously over several weeks and, as ovipo- 
sition and egg excretion continue, the disease then 
enters a period of clinical latency. In most light infec- 
tions, latency continues indefinitely; in severe ones, 
chronic disease makes its appearance years later.*» 

PATHOGENESIS. Adult schistosomes do not incite 
significant host/tissue reactions until they die or are 
killed by drugs. The dead parasites give rise to scattered, 
large, necrotic granulomas; these are too few in number 
to explain the manifestations of the disease. By contrast, 
the eggs, often numbered in millions, are known to 
release soluble antigens through their porous egg shells 
during their two- to three-week life span, thus inciting 
host cellular immunity and hypersensitivity. Those eggs 
that impact in small vessels are soon surrounded by 
granulomas containing macrophages and lymphoid and 
granulocytic elements, and rich in eosinophils. Schis- 
tosome granulomas (Fig. 8-54) attain diameters of 
500 w or more, and thus encroach on vessels and 
parenchymal tissues. However, as the infection turns 
chronic, granuloma sizes decrease through a complex 
regulatory process of immune modulation.* After sev- 
eral weeks, schistosome eggs die and are destroved. 
Each individual granuloma then heals with or without 
fibrous scarring, but new crops of granulomas continue 
appearing until the adult worms are killed or rendered 
infertile. Schistosome granulomas are immunologic and 
biochemical “factories” processing parasite egg antigens 
and somatic components and generating a host of en- 
zymes, lymphokines, and other mediators.***-*" They 
have served as useful experimental models of cell- 
mediated hypersensitivity; however, the manner in 
which the severe fibrotic lesions of chronic schistoso- 
miasis derive from these focal lesions is still uncertain 
except for a clear relationship to the magnitude of worm 
and egg burdens.* 


MORPHOLOGY. The lesions of schistosomiasis vary by 
species, intensity of infection, and stage. Asymptomatic 
subjects with light S. mansoni or S. japonicum infections 
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may have only scattered eggs and granulomas in the gut, 
liver, and lung, with sporadic eggs elsewhere in the body. 
Pinhead-sized, white granuloma nodules are best seen 
beneath the liver capsule; often, the liver is darkened by 
regurgitated heme-derived pigment from the hematophagous 
schistosome gut. Like malaria pigment, schistosome pigment 
is Prussian blue—negative, and accumulates in Kupffer cells 
and splenic macrophages without any Known adverse con- 
sequences. 

In severe schistosomiasis mansoni or japonica the liver 
is dark in color, showing a bumpy but not a nodular surface, 
distinct from that of ordinary cirrhosis. In addition to granu- 
lomas, the cut surface of the organ shows widespread fibrous 
portal enlargement without distortion of the intervening par- 
enchyma by regenerative nodules. The cut surfaces of the 
fibrous triads simulate the cross section of a clay pipe stem, 
giving rise to the term “‘pipe-stem fibrosis.’”*** Some portal 
triads may lack a perceptible vein lumen, and corrosion 
casts show widespread distortion and blockage of the portal 
vascular bed (Fig. 8-55). This accounts for pre-sinusoidal 
portal hypertension along with severe congestive spleno- 
megaly, esophageal varices, superficial venous collaterals, 
and ascites. Jaundice, hepatocellular necrosis, and dysfunc- 
tion tend to follow only after variceal hemorrhage has taken 
place. 

Schistosome eggs diverted to the lung via portal collat- 
erals, when large in number, may produce granulomatous 
pulmonary arteritis as they impact, leading to intimal hyper- 
plasia, progressive arterial obstruction, and ultimately heart 
failure (cor pulmonale). Histologically, arteries in the lungs 
show disruption of the elastica layer by granulomas and 
scars, luminal organizing thrombi, and angiomatoid lesions 
similar to those of idiopathic pulmonary hypertension (p. 
713). In addition, patients with hepatosplenic Mansoni’s 
schistosomiasis have an increased frequency of mesangio- 
proliferative or membranous glomerulopathy and some glo- 
meruli show deposits of immunoglobulin or complement, but 
rarely of schistosome antigen.*” 
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In S. haematobium infection, the pathologic conditions 
differ sharply from those of oriental and Mansoni’s schisto- 
somiasis. Bladder inflammatory patches due to massed egg 
deposition may appear early, and later become rough sandy 
or fibrous patches. When these lesions become confluent, 
the entire bladder mucosa may become surrounded by a 
calcified egg layer, visible radiographically as a dense con- 
centric rim (calcified bladder). Inflammation and fibrosis 
similarly invade the ureteral wall, leading to multiple ureteral 
stenoses or to irregular dilatation and hydronephrosis. Owing 
to their patchy distribution, S. haematobium eggs, even 


Figure 8—55. Liver pipe-stem fibrosis due to chronic Schistosoma 
japonicum infection. 
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when small in number, can obstruct the lower ureters. During 
the early inflammatory stage, these lesions are reversible, 
but eventually reflux nephropathy (p. 1034) with interstitial 
inflammation, cortical atrophy, or bacterial superinfection 
may result in renal failure and death. This is common in 
hyperendemic Egypt but seen less often in subsaharan 
Africa. There is also a demonstrable association between 
urinary schistosomiasis and bladder cancer; the tumor oc- 
curs in younger persons, and is predominantly squamous 
rather than the transitional cell type (p. 1072).**° By contrast, 
the severe liver and lung lesions of S. mansoni and S. 
japonicum are rare in urinary schistosomiasis. 

Ectopic egg deposition has been reported in many 
organs, usually without major consequences, but S. japoni- 
cum infection of the brain or meninges can give rise to 
scattered or massed egg lesions and to miscellaneous 
neurologic symptoms. S. mansoni and, more rarely, S. 
haematobium eggs can mass in the spinal cord or cauda 
equina, with consequences ranging from transverse spinal 
cord necrosis to transient paralysis. These latter lesions are 
unrelated to the intensity or duration of schistosome infec- 
tion, and constitute a cogent argument for treating even 
lightly infected patients. 


INFECTIOUS DISEASES 


CLINICAL CourRSsE. Schistosomiasis mansoni is an 
insidious, chronic disease. In its endemic areas infected 
children may appear reasonably well, although they 
often have significant hepatomegaly. Albuminuria is 
somewhat more frequent in asymptomatic infected than 
in uninfected individuals. Hematuria is the first indica- 
tion of S. haematobium infection, and is so common in 
parts of Africa that it is regarded as a normal sign of 
puberty. The peak incidence of severe hepatosplenic 
schistosomiasis with portal hypertension and the ob- 
structive uropathy of urinary schistosomiasis is during 
the early twenties at a time when egg excretion may 
already have begun to decline. Superinfection with 
hepatitis B virus, frequent in the tropics, is known to 
aggravate and modify schistosomal liver disease. All too 
often, patients come to medical attention only after 
experiencing a life-threatening esophageal hemorrhage 
or when already showing a rising BUN. Others may 
present with anemia, hypersplenism, and retarded so- 
matic development. Some are diagnosed and treated in 
their teens for protein-losing enteropathy due to schis- 
tosomal colonic polyposis, a disease form seen mainly 
in Near Eastern countries. The infection can also mas- 
querade in other confusing ways. 

Diagnosis is best made by finding the characteristic 
eggs in the feces or urine. Concentration methods are 
useful when eggs are scarce. Rectal biopsy, compressed 
between slide and coverglass and examined unstained, 
is sometimes necessary. Liver biopsy can be useful, but 
needle biopsy should not be used to determine whether 
pipe-stem fibrosis is present; that evaluation is best 
made by ultrasound study. A profusion of serologic tests 
for schistosomiasis exists; those employing egg antigens 
are the most reliable,*“* but parasitologic diagnosis is to 
be preferred since quantitative stool or urine egg counts 
render a useful estimate of the infection load. Treatment 
with newer drugs has been highly effective and often 
curative, but must always be followed up with repeated 


egg counts over several months, since the worms some- 
times recover or reinfection may supervene, and there 
have been indications of relative drug resistance by 
some schistosome strains.*° Although the cycle of trans- 
mission can be effectively broken by stopping fecal 
contamination of water sources, schistosomiasis is likely 
to continue as a threat to health for the foreseeable 
future. §. mansoni infection continues to be endemic in 
Puerto Rico, and imported clinical cases are no longer 
rare in the continental U.S. 


SARCOIDOSIS (BOECK’S SARCOID) 


Sarcoidosis is a disease of unknown cause charac- 
terized by noncaseating granulomas in many tissues and 
organs.**® 47 Since a number of other diseases may 
produce noncaseating granulomas, including tubercu- 
losis, tertiary syphilis, fungal infections, and berylliosis, 
the histologic diagnosis is largely made by exclusion. 
Because it is a multisystem disorder, sarcoidosis may 
present in many clinical guises, but bilateral hilar 
lymphadenopathy or lung involvement occur and are 
visible on a chest x-ray in 90% of cases. Eye and skin 
lesions are next in frequency. The Kveim reaction (skin 
test) is frequently positive. 

Sarcoidosis is an uncommon but not rare disorder, 
most frequent between the ages of 20 and 35. It is more 
common in women than in men. Overall it is ten times 
more common in blacks than in whites in the U.S. 
There are striking geographic differences in the fre- 
quency of this disease. A much higher prevalence has 
been found among both blacks and whites in the south- 
eastern part of the U.S. than elsewhere in this country. 
There are also puzzling national and ethnic differences. 
In New York City, a prevalence of approximately 30 
cases per 100,000 has been reported, and in Stockholm, 
Sweden, a prevalence as high as 64 was found. The 
disease is almost unknown among Chinese and South- 
east Asians. Among residents of North London, the 
prevalence per 100,000 was 27 for those born in the 
United Kingdom, 97 among Irishmen, and approxi- 
mately 200 among West Indian men. The basis for these 
differences remains obscure. 

ETIOLOGY AND PATHOGENESIS. Central to all inves- 
tigations into the causation of this disease is the distinc- 
tive granulomatous nature of the tissue response. This 
in itself strongly suggests an immunologically mediated 
disease, of the delayed hypersensitivity type, with an 
as yet unidentified cause. Numerous agents, some com- 
mon (atypical mycobacteria, beryllium) and some exotic 
(pine pollen, resin, even clay!) have been considered, 
but have never been proved to be causative. Some 
undetected virus is the current favorite candidate.*° 

Despite the etiologic desert, the field of pathogen- 
esis is fertile with enticing leads. A host of abnormal 
and sometimes paradoxical immunologic findings have 
been identified in these patients. Although the granu- 
lomas suggest delayed hypersensitivity, individuals with 
this disease have apparently deficient T-cell responses, 


as evidenced by cutaneous anergy to a variety of antigens 
(such as tuberculin) as well as to chemical cutaneous 
allergens (such as 2,3-dinitrochlorobenzene, DNCB). 
Peripheral blood T lymphocytes are reduced sufficiently 
to cause an absolute lymphopenia. The number of 
circulating B cells, however, is normal. These patients 
have hyperreactive B cells and enhanced humoral im- 
munity, as evidenced by hypergammaglobulinemia with 
abnormally high levels of antibodies to commonly en- 
countered antigens. 

Despite the deficient T-cell responses and the 
lymphopenia, the number of T cells in the affected lungs 
is markedly increased, and such T cells are clearly 
activated.*** °° Recent studies show that, in patients 
with active pulmonary sarcoidosis, the increase in lung 
T cells is made up primarily of helper lymphocytes, in 
a ratio of ten T-helper cells to one T suppressor. In 
contrast, the proportion of T helpers to T suppressors 
in the blood is reduced from 2:1 to 0.8:1. Thus, the 
granulomatous formation in the lung can be ascribed to 
a marked increase in T-helper cell effect without control 
by suppressors. Conversely, in peripheral blood there 
is sufficient suppressor activity to explain the cutaneous 
anergy. The activated T cells in the lung and the 
lymphokine-induced influx of monocytes are responsible 
for the granuloma formation, as well as for the resultant 
alveolitis and progressive pulmonary fibrosis. 

Although the etiologic agent or agents remain un- 
known, there is a strong suggestion that patients des- 
tined to develop sarcoidasis respond in an abnormal 
manner because of some inherent immunologic de- 
rangement. 


MORPHOLOGY. Pathologic involvement of virtually 
every organ in the body has been cited at one time or 
another.*©° 

Lymph nodes are involved in almost all cases. The 
most typical groups affected are the hilar and mediastinal 
nodes, but any other node in the body may be involved, 
particularly the cervical, epitrochlear, preauricular, and post- 
auricular nodes. The tonsils are affected in about one-quarter 
to one-third of cases. The nodes are characteristically en- 
larged, discrete and sometimes lobulated. When viewed in 
chest films, the bilateral hilar lymphadenopathy is referred 
to as “potato nodes.” Typically, the affected nodes in the 
acute stages of the disease are soft and succulent, but in 
the more advanced, chronic stages they may become some- 
what fibrotic. Histologically, all involved nodes show the 
classic noncaseating granulomas (Fig. 8—56). These make 
up an aggregate of tightly, clustered epithelioid cells, often 
with Langhans’ or foreign body—type giant cells. 

In the long chronicity of the disease, the granulomas 
may become enclosed within fibrous rims or eventually be 
replaced by hyaline fibrous scars. Two other microscopic 
features are often present in the granulomas: (1) laminated 
concretions composed of calcium and proteins known as 
Schaumann bodies, and (2) stellate-shaped inclusions 
Known as asteroid bodies enclosed within giant cells (Fig. 
8-57). The latter are found in approximately 60% of the 
granulomas. It is hardly necessary to point out that none of 
these microscopic features are pathognomonic of sarcoi- 
dosis, because noncaseating granulomas may be found in 
other conditions, as previously mentioned, and asteroid and 
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Figure 8—56. A characteristic sarcoid “noncaseating” granuloma in 
lung with many giant cells. 


Schaumann bodies may be encountered in other granu- 
lomatous diseases, e.g., berylliosis. 

The lungs are common sites of involvement. Macro- 
scopically, there is usually no demonstrable alteration, al- 
though at times the coalescence of granulomas may produce 


Figure 8-57. Characteristic asteroid body within a giant cell. 
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small nodules that are palpable or visible as 1- to 2-cm, 
noncaseating, noncavitated consolidations. Histologically, 
the lesions are distributed throughout the parenchyma, usu- 
ally bilaterally, with some tendency to localize about blood 
vessels, bronchi, and lymphatics. The wide distribution in 
these organs suggests a hematogenous dissemination of 
some etiologic agent. In occasional cases cellular prolifera- 
tive granulomas are present, but there appears to be a 
strong tendency for lesions to heal in the lungs, so that more 
often varying stages of fibrosis and hyalinization are found, 
causing diffuse pulmonary fibrosis (p. 747). There is, in fact, 
a strong suspicion that, in many cases of systemic sarcoi- 
dosis in which the lungs are not apparently involved at 
postmortem examination, previous lesions may have been 
present but have since disappeared. 

The spleen is affected microscopically in about three- 
quarters of the cases, but enlarged in only 18%. On occa- 
sion, granulomas may coalesce to form small nodules that 
are barely visible macroscopically. The capsule is not in- 
volved. Histologically, the cellular proliferative granulomas 
or fibrosing or totally hyalinized lesions are dispersed 
throughout the splenic pulp. 

The liver is affected slightly less often than the spleen. 
It may also be moderately enlarged and may contain scat- 
tered granulomas, more in portal triads than in the lobular 
parenchyma. Needle biopsy may permit the identification of 
these focal lesions. 

Bone marrow is an additional favored site of localiza- 
tion. Roentgenographic changes can be identified in about 
one-fifth of cases of systemic involvement. The radiologically 
visIble bone lesions have a particular tendency to involve 
phalangeal bones of the hands and feet, creating small 
circumscribed areas of bone resorption within the marrow 
cavity or a diffuse reticulated pattern throughout the cavity, 
with widening of the bony shafts and often new bone 
formations on the outer surfaces. Histologically, numerous 
characteristic sarcoid nodules are present in the marrow 
cavity. 

Skin lesions are encountered in one-third to one-half 
of the cases. These are, in fact, the best-known lesions of 
sarcoidosis and were the ones first described by Boeck. 
Sarcoidosis of the skin assumes a variety of macroscopic 
appearances, e.g., discrete subcutaneous nodules; focal, 
slightly elevated, erythematous plaques; or flat lesions that 
are slightly reddened and scaling, and resemble those of 
lupus. Lesions may also appear on the mucous membranes 
of the oral cavity, larynx, and upper respiratory tract. In all 
instances, noncaseating granulomas are found histologically 
in the sites of involvement. Occasionally, deeply situated 
nodules, characteristic of erythema nodosum (p. 1288), have 
been described as sensitivity reactions. 

Involvement of the eye, its associated glands, and 
the salivary glands occurs in about one-fifth to one-half of 
the cases. The ocular involvement takes the form of iritis or 
iridocyclitis, either bilaterally or unilaterally. As a conse- 
quence of these inflammatory involvements, corneal opaci- 
ties, glaucoma, and total loss of vision may occur. The 
posterior uveal tract is also affected, but less commonly, 
with resultant choroiditis, retinitis, and optic nerve involve- 
ment. These ocular lesions are frequently accompanied by 
inflammations in the lacrimal glands with suppression of 
lacrimation. Bilateral sarcoidosis of the parotid, submaxillary, 
and sublingual glands completes the combined uveopa- 
rotid involvement designated as Mikulicz’s syndrome. 

Sarcoid granulomas occasionally occur in the heart, 
kidneys, CNS, and endocrine glands, particularly in the 
pituitary, as well as in other body tissues. 


INFECTIOUS DISEASES 


CLINICAL CourRSsE. Because of its varying severity 
and the inconstant distribution of the lesions, sarcoidosis 
is a protean clinical disease. In many patients, it is 
entirely asymptomatic and is discovered incidentally at 
autopsy. In still other instances, the disease is discov- 
ered unexpectedly on routine chest films as bilateral 
hilar adenopathy. Peripheral lymphadenopathy, cuta- 
neous lesions, eye involvement, splenomegaly, or he- 
patomegaly may each be a presenting manifestation. In 
the great majority of cases, however, patients seek 
medical attention because of the insidious onset of 
respiratory abnormalities (shortness of breath, cough, 
chest pains, hemoptysis) or of constitutional signs and 
symptoms (fever, fatigue, weight loss, anorexia, night 
sweats). Occasionally a systemic hypersensitivity reac- 
tion appears with the fairly acute onset of fever, ery- 
thema nodosum, and polyarthritis, associated with 
bilateral hilar adenopathy. Hyperglobulinemia, hyper- 
calcemia, hypercalcinuria, and resorptive or “punched- 
out’ cystic lesions in the phalangeal bones are strongly 
supportive of the diagnosis, but any one or all of these 
features may be absent. 

Because of these variable and nondiagnostic clinical 
symptom complexes, resort is frequently made to lymph 
node or liver biopsy and to the Kveim test. The latter 
is performed by intracutaneous injection of a standard- 
ized preparation of antigen (a saline suspension of sar- 
coidal tissue, usually from the spleen or lymph nodes). 
Positive reactions occur in 60 to 85% of patients and are 
indicated by a papule four to six weeks later. For 
confirmation, skin biopsy of the test site should reveal 
noncaseating granulomas. Although false-positive results 
have plagued earlier uses of the tests, the use of current 
carefully controlled antigens reduces the incidence of 
false-positive reactions to 2%.*! 

Sarcoidosis follows a fairly unpredictable course 
characterized by either progressive chronicity or periods 
of activity interspersed by remissions, sometimes per- 
manent, that may be spontaneous or initiated by steroid 
therapy. Overall, 65 to 70% of affected patients recover 
with minimal or no residual manifestations. Twenty per 
cent have permanent loss of pulmonary function or 
some permanent visual impairment. Of the remaining 
10%. some die of cardiac or CNS damage, but most 
succumb to progressive pulmonary fibrosis and = cor 
pulmonale (p. 747). Patients presenting with hilar 
lymphadenopathy alone (stage I) have the best prog- 
nosis, followed by those with adenopathy and pulmonary 
infiltrates (stage II). Those presenting with pulmonary 
disease and no adenopathy (stage ITI) have few sponta- 
neous remissions and are most likely to develop chronic 
pulmonary fibrosis.*” 
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Protein-Energy Malnutrition 


Water-soluble vitamins 


Minerals 
lron 
Trace elements 
Nutritional Excesses and Imbalances 
Obesity 
Diet and cancer 


Marasmus-kwashiorkor Thiamine 
Vitamins Riboflavin 
Fat-soluble vitamins Niacin 
Vitamin A Vitamin B, (pyridoxine) 
Vitamin D Folic acid 
Vitamin E Vitamin B,2 (cobalamin) 
Vitamin K Vitamin C 


It is a sad commentary on our world when the 
effort to avoid or reduce caloric consumption preoccu- 
pies vast segments of some societies while less fortunate 
populations, mainly in developing countries, are dying 
for want of food. Indeed, over half the entire population 
of the world struggles to survive on diets grossly inad- 
equate in calories or proteins.' This deprivation exacts 
its heaviest toll from infants and children. Half of all 
deaths in these starving populations occur in children 
under 5 years of age, yielding infant mortality rates 
many times higher than those encountered in affluent 
countries. In addition to such gross malnutrition, spe- 
cific deficiency states, such as the avitaminoses, often 
accompany protein-energy malnutrition, but may also 
occur despite a sufficient caloric intake. 

For optimal health, about 45 to 48 dietary nutrients 
are currently thought to be essential. These include, in 
addition to the well-known vitamins, nine amino acids 
(lysine, threonine, leucine, isoleucine, methionine, 
tryptophan, valine, phenylalanine, and histidine); two 
polyunsaturated fatty acids (linoleic and arachidonic— 
although it is possible that the latter can be synthesized 
in the body from the former); and a large number of 
elements. Some of these elements are major constitu- 
ents of the body such as Na, K, Ca, Mg, P, Cl, S, C, 
H, O, Fe, and N, whereas others are required only in 
small amounts and so are referred to as trace elements, 
e.g., zinc, copper, manganese, iodine, cobalt, molyb- 
denum, chromium, selenium, vanadium, nickel, and 
possibly silicon, fluorine, tin, and arsenic. The essen- 
tiality of all these trace elements has not been well 
established and only three or four (copper, zinc, iodine, 
and possibly selenium) are associated with well-docu- 
mented deficiency syndromes.’ 

Nutritional disease in humans may be of primary 
dietary origin or may result from secondary (condi- 
tioned) malnutrition, as indicated in Table 9-1. 

Primary malnutrition is caused by lack of a reason- 
ably balanced diet and is largely a socioeconomic prob- 
lem that tends to be endemic in the underprivileged 
and war-torn societies of the earth. The malnutrition 
found in Africa, Asia, and Central and South America, 
for example, is largely of primary origin. In these regions 
of the world the precarious and marginal food supply, 
caused by drought and poverty, and the disruptions of 
war render starvation a daily threat to survival. Some- 
times, despite an adequate caloric intake, the diet is so 
restricted that one or more essential nutrients are 
lacking. For instance, a deficiency of thiamine chiloride 


sometimes accompanied by other avitaminoses may 
appear in individuals subsisting largely or solely on 
polished rice. However, primary malnutrition may be 
unexpectedly encountered among populations living un- 
der far more halcyon conditions. In a ten-state nutrition 
survey in the United States, a surprisingly high inci- 
dence of nutritional deficiencies of iron, vitamin A, 
vitamin C, riboflavin, and folic acid was found.? Princi- 
pally affected were poverty-stricken families, and par- 
ticularly young women who had had numerous closely 
spaced pregnancies. Primary malnutrition may well be 
encquntered, therefore, in countries where nutritional 
inadequacies are little suspected. 

Secondary or conditioned malnutrition is usually a 
sporadic condition that arises in the midst of dietary 
plenty. This is the pattern of malnutrition often found 
among hospitalized patients. For some reason the body 
is unable to utilize the ingested nutrients, and a defi- 
ciency state results, despite the intake of adequate 
amounts and kinds of food. Secondary malnutrition may 
be self-induced and related to drugs, alcohol, or food 
faddism. The prime example of self-induced conditioned 
malnutrition related to an aberrant diet is chronic 
alcoholism; the “empty” calories of ethanol too often 
replace a balanced diet. Psychogenic dysphagia (for- 
merly called anorexia nervosa), bizarre eating habits, 
food faddism such as “strict vegetarianism’ with no use 
of any animal products, or adolescent diets of soft drinks 
and fried potatoes are additional examples of dietary 
aberrations that may lead to malnutrition. Increased 
metabolic requirements are important causes of condi- 
tioned malnutrition. Such may be encountered with 
rapid adolescent or catch-up growth; during pregnancy 
and lactation; with illness and prolonged fevers; and 
with excessive physical activity of long duration. Inabil- 
ity to ingest or absorb foodstuffs may be seen in those 


Table 9-1. ORIGINS OF MALNUTRITION 


Primary malnutrition 
a. poverty 
b. inadequate food supply 
c. nutritionally restricted diet 
Secondary or conditioned malnutrition 
. aberrant diet 
. increased metabolic requirements 
. Inability to ingest or absorb diet 
. Impaired utilization 
. abnormal losses 
drug induced 
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with inadequate dentition, diseases of the oropharynx 
and esophagus, obstructive jaundice, pancreatic disor- 
ders, and gastrointestinal disease, for reasons that are 
obvious. Impaired utilization is exemplified by diabetes 
mellitus (p. 972) in which the lack of effective insulin 
action leads to all manner of secondary metabolic de- 
rangements involving not only carbohydrates, but fats 
and proteins also. Excessive losses of requisite nutrients 
may be seen in severe renal disease or enteropathies 
that induce excessive excretion of proteins and electro- 
lytes, or in profuse sweating or protracted lactation. 
Drugs may also induce nutritional deficiences. For 
example, phenytoin, used in the treatment of epilepsy, 
may lead to a conditioned deficiency of folic acid, and 
oral contraceptives increase the requirement for vitamin 
B, and impair the metabolism of folic acid. It should be 
evident that secondary or conditioned malnutrition has 
little relationship to the availability of food, and so may 
be encountered whenever there is some basis for dis- 
turbance or derangement of the nutritional homeostasis. 
Depending on its cause, the conditioned malnutrition 
may involve one nutrient (e.g., inability to absorb 
vitamin B,, in pernicious anemia due to a lack of gastric 
intrinsic factor), several nutrients (e.g., malabsorption 
of lipids and lipid-soluble vitamins in obstructive jaun- 
dice), or all (e.g., psychogenic dysphagia). 

Overt morphologic lesions are relatively late man- 
ifestations of deficiency states. Long before anatomic 
changes become evident, the nutritional deficiency 
slowly depletes the body stores and can be discovered 
at this stage only by biochemical measurements. During 
this period of depletion, relatively nonspecific clinical 
signs and symptoms may occur, even in the absence of 
well-developed tissue lesions. For example, vitamin C 
deficiency eventually causes scurvy, principally marked 
by a bleeding tendency and, in growing children, de- 
rangement of epiphyseal bone formation. However, 
such changes may appear only after many months of a 
grossly scorbutigenic diet. Antedating these morpho- 
logic manifestations, the patient may have evidence of 
generalized weakness, apathy, or conceivably a subtle 
impairment of wound healing relating to deranged col- 
lagen synthesis. Even earlier, perhaps many months 
earlier depending on the body’s reserve of vitamin C, 
low levels of ascorbic acid may be detected in the 
plasma, whole blood, or white blood cells by assays. 
Thus, deficiency states may exist, even in the absence 
of morphologic and sometimes clinical changes. 
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PROTEIN-ENERGY MALNUTRITION 


Marasmus-Kwashiorkor 


Protein-energy malnutrition (or, as it is sometimes 
called, protein-calorie malnutrition) is a global problem 
of staggering dimensions. Although all ages may be 
affected, infants and children are usually most severely 
affected. It is estimated that approximately 400 million 
preschool children in developing nations suffer protein- 
energy malnutrition to a greater or lesser degree. It 


takes one of two somewhat distinctive clinicopathologic 
forms—(1) marasmus or (2) kwashiorkor—but frequently 
the distinction between these two syndromes is blurred 
with intermediate expressions. Marasmus is the conse- 
quence of a deficiency in total calories as is encountered 
in mild-to-severe starvation. Adipose tissue and muscle 
are lost in a graduated fashion. Kwashiorkor, on the 
other hand, is the consequence of a relative or absolute 
deficiency of protein despite sometimes adequate total 
calories. The term “kwashiorkor” is derived from the 
Ghanian language and means “the sickness that the 
older one gets when the next baby is born,” i.e., when 
the older child is deprived of breast-feeding and weaned 
largely on a diet of carbohydrates. In many instances, 
features of both disorders appear. The child with mar- 
asmus who develops a protein-losing intestinal infection 
may develop many of the characteristics of kwashiorkor 
and, alternatively, diets deficient in both total calories, 
and particularly in protein calories, may induce hybrid 
kwashiorkor-marasmus syndromes. 

Poverty and a lack of food are the all-too-frequent 
bases of protein-energy malnutrition, but the problem 
in developing countries is far more complex. Intercur- 
rent infectious diarrhea, childhood exanthems, intestinal 
parasitism, and ignorance about dietary requirements 
all contribute to the appearance of these childhood 
scourges. In eighteen “Western” countries with gross 
national product (GNP) above $2000 per capita, the 
infant mortality rate in 1970-75 ranged from 11 to 30 
per 1000 live births. Contrast this with 42 countries 
with GNP below $300 per capita, where the infant 
mortality rate in 1970-75 ranged from 45 to 208 per 
1000 live births.* For obscure reasons, marasmus and 
kwashiorkor have differing incidences in varying parts 
of the world. In Lebanon and Iraq, for example, over 
90% of children with protein-energy malnutrition are 
marasmic; in Gambia, marasmus predominates, but in 
nearby Uganda, kwashiorkor is more frequent.° 

The reason why some infants with protein-energy 
malnutrition become marasmic while others develop 
kwashiorkor is not understood, but the relative lack of 
proteins in the diet is thought to be the differential 
feature. Other experts contend, however, that the dif- 
ference between the two conditions resides in the 
metabolic adaptations to the dietary inadequacies, with 
or without such secondary conditioning influences as 
infection or diseases. It is postulated that in marasmic 
children the deficient diet is compensated for by mo- 
bilization of body stores and tissues, thereby maintaining 
the serum protein levels, albeit at the cost of progressive 
wasting away of fat and muscle. In kwashiorkor the 
metabolic adaptation does not seem to be capable of 
maintaining serum protein levels, but induces wide- 
spread protein deprivation throughout the viscera of the 
body along with hypoalbuminemia and edema.°® 

The clinical manifestations of kwashiorkor vary but 
include growth failure, edema, enlargement of the liver 
due to the accumulation of fat, anemia, hair changes, 
and dermatoses. The child is often apathetic and ano- 
rexic, cries a great deal, and is withdrawn and irritable. 
The edema may be generalized or localized to the upper 


or lower extremities. There is always hypoalbuminemia 
and a decrease in total serum protein. The severity of 
the edema may not correlate with the level of protein 
deficiency and hypoalbuminemia.** It has been pro- 
posed that along with the loss of serum albumin there 
is a concomitant loss of trace elements. one of which— 
vanadium—may be involved in the regulation of sodium 
and water metabolism.° 

The skin lesions are pathognomonic when present 
but are not requisite for the diagnosis. Areas of depig- 
mentation or hyperpigmentation or, in white infants, 
patches of dusky erythema lead to the characteristic 
“crazy pavement” appearance (Fig. 9-1). There is ex- 
tensive desquamation in severe cases. The hair changes 
consist of pallor, straightening (if the normal hair is 
curly), fineness of texture, and loose attachment of the 
roots, as evidenced by the ease with which the hair is 
pulled out. A “flag sign” may appear as alternating 
bands of light (depigmented) and dark areas in the hair, 
which in essence record alternating periods of good and 
bad nutrition. (Fig. 9-2) The liver is usually enlarged 
and fatty, but never cirrhotic. The anemia may be 
normocytic, normochromic, or of a mixed type, with 
concomitant iron and folic acid deficiencies. These pre- 
senting signs are not seen in marasmus. Other signs 
may be present, depending on previous nutrition and 
adequacy of the diet. For example, the extent to which 
manifestations of a deficiency of vitamin A or thiamine 


Figure 9-1. Kwashiorkor. Lower extremities of child showing the 
distinctive skin lesions and edema. (Courtesy of Dr. N. Scrimshaw, 
Massachusetts Institute of Technology; the Institute of Nutrition of 
Central America and Panama; and Science 133:2039, 1961. Cop- 
yright 1961 by the American Association for the Advancement of 
Science.) 


404 


Protein-Energy Malnutrition 


Figure 9—2. Kwashiorkor “flag sign.” A tuft of hair in an infant 
showing a striking band of depigmentation, marking a period of 
severe malnutrition. (Courtesy of Dr. N. Scrimshaw, Massachusetts 
Institute of Technology; and the Institute of Nutrition of Central 
America and Panama.) 


appear is a function of previous nutrition, dietary intake 
of these essential nutrients, infection, and a host of 
other factors. 

The marasmic child is obviously wasted, with 
broomstick arms and legs from which the skin hangs 
pathetically loose (Fig. 9-3). The face becomes pinched 
and wizened, imparting a prematurely aged appearance. 
There is more of a defect in weight than in height, and 
these children, in contrast to those with kwashiorkor, 
are alert and hungry and will eat ravenously if given 
food. The total serum proteins are usually normal. The 
marasmic child may develop signs of superimposed 
kwashiorkor following the protein catabolic response to 
a chronic infection, and conversely treatment of acute 
kwashiorkor may reveal a marasmic child beneath the 
edema. 

The term protein-calorie malnutrition has been 
used to explain a kwashiorkor-like syndrome in medical 
and surgical adult patients in large urban hospitals.” ° 
These patients present with lethargy, weight loss, ane-. 
mia, hypoalbuminemia, fatty liver, and gastrointestinal 
changes. Edema may or may not be present. Usually 
there are no hair “flag signs” or dermatologic changes. 
Some chronic debilitating or wasting disease accounts 
for the inanition and malnourishment. With superim- 
posed infection there is further catabolism and nitrogen 
loss, as well as increased utilization of nutrients in an 
already depleted individual. In this manner, a kwashior- 
kor-like state may develop in adults, even in affluent 
societies. 
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Figure 9-3. Within every marasmic child (left) is a sturdy, smiling 
youngster; seen (right) after two months of adequate nutrition. 
(Courtesy of Dr. N. Scrimshaw, Massachusetts Institute of Tech- 
nology; and the Institute of Nutrition of Central America and Pan- 
ama.) 


MORPHOLOGY. The anatomic changes in protein- 
energy deficiency can be generalized as hypoplasia and 
atrophy of tissues. The anatomic changes are quite similar 
in both marasmus and kwashiorkor, but extreme examples 
of these two syndromes show certain differences, principally 
involving the small bowel mucosa and the liver. 

The small bowel in fully expressed kwashiorkor often 
shows marked atrophy of the mucosa. Such changes are 
rarely encountered in marasmus. The mucosal atrophy may 
be patchy or widespread and involve virtually the entire 
jejunum. It may also vary from mild to severe. The basic 
anatomic changes consist of diminution or loss of villi and 
microvilli with atrophy of the absorptive covering cells.° 
There is a concomitant infiltrate of lymphocytes and plasma 
cells into the lamina propria; in some cases there is an 
increased number of fat vacuoles within the absorptive cells, 
apparently reflecting some delay in fat transport.'° Histo- 
chemical studies also disclose a decrease in the carbohy- 
drate-splitting enzymes in the brush border of the absorbing 
cells, such as lactase, sucrase, and maltase. All these 
changes are reversible in time with restoration of an ade- 
quate diet. 

The liver in kwashiorkor, but not marasmus, is ex- 
tremely fatty (Fig. 9-4). These changes are thought to be 
caused by decreased synthesis of the protein carriers nec- 
essary to the formation of lipoproteins, the form in which fat 
is mobilized from the liver. Some observers have described 
material resembling alcoholic hyalin in such livers.’ For 
obscure reasons, cirrhosis almost never develops. 

In marasmus, anemia may be present but is usually 
mild. Typically it is normochromic-normocytic and attributed 
to reduced erythropoietin levels secondary to the lowered 


metabolic oxygen demand of the wasted body. Concomitant 
deficiencies of iron or folate may complicate the anemia, 
adding elements of the microcytic-hypochromic anemia of 
iron lack (p. 635) to the macrocytic-hyperchromic anemia of 
folate deficiency (p. 634). 

In kwashiorkor the anemia may also be normochromic- 
normocytic, resulting in part from marrow erythrohypoplasia 
or atrophy related to the severe protein deficiency, and in 
part from decreased synthesis of erythropoietin. Infections 
and marginal iron and folate intake may lead to the marrow 
changes associated with these deficiencies and a poly- 
morphic anemia in the peripheral blood. 

The immune system is adversely affected in both 
kwashiorkor and marasmus, particularly in the former. The 
thymus becomes atrophic in severe instances of both con- 
ditions, with reduction in the number and function of circu- 
lating T cells. B-cell function (antibody responses) is likewise 
depressed. Thus, these children are unusually vulnerable to 
infections. A vicious circle then ensues in which the infection 
adversely affects the nutritional status, and the malnourish- 
ment worsens the infection. '? 


Controversy persists as to whether clinical and 
anatomic changes induced by protein-energy malnutri- 
tion are totally reversible with restoration of a normal 
diet. Although most of the manifestations may clear, 
there is still uncertainty about the long-term effects of 
protein-calorie malnutrition on physical growth and 
development or intellectual development. It has been 
exceedingly difficult to establish objective measure- 
ments and clear-cut controls for comparisons. With 
respect to physical growth and development, some 
published findings point to retardation in height and 
weight at age 6 to 12 years in those who had survived 
protein-energy malnutrition during infancy, but others 
disagree.’ These height-weight differences, however, 
were limited to boys only. Even more important is the 
growing conviction that food deprivation has a detri- 
mental effect on intellectual development. In the past, 
this impairment has been ascribed to the social and 
intellectual environment in which the malnourished 
child was raised. However, the evidence grows stronger 
that the single variable of dietary deprivation in infancy 
and early childhood significantly impairs subsequent 
levels of intellectual performance and attainment.’ '* 
The first two years of life is a critical period. Studies 
indicate that the adult number of neurons is achieved 
perhaps as early as 20 weeks after conception. Through- 
out the first two years of life, however, there is glial 
proliferation and further development of neuronal con- 
nections as well as myelination of fibers. Thus, protein- 
energy malnutrition during this growing period has 
many long-lasting consequences. 


VITAMINS 


The following discussion of each of the various 
vitamins deals largely with the clinicoanatomic changes 
encountered in humans, the basis and prevalence of the 
deficiency state, and such aspects of the metabolism of 
the nutrient as are relevant to the pathogenesis of the 
changes. 


Figure 9—4. Kwashiorkor. The fatty liver is shown above. Cot 
trast with normal liver (below) after adequate nutrition for 
period of weeks. (Courtesy of Dr. N. Scrimshaw, Massachuset 
Institute of Technology; and the Institute of Nutrition of Centr 
America and Panama.) 


FAT-SOLUBLE VITAMINS 


Avitaminoses of the fat-soluble vitamins—A, D, E, 
and K—may occur as primary deficiency states in eco- 
nomically deprived populations or as secondary condi- 
tioned deficiencies throughout the world, for reasons 
discussed earlier. Principal among these secondary con- 
ditioning influences are such disorders as biliary tract 
and pancreatic dysfunction and the large category of 
malabsorption syndromes that affect fat absorption in 
general and, concomitantly, absorption of the fat-soluble 
vitamins. Since fat-soluble vitamins are generously 
stored chiefly in the liver, diffuse advanced liver disease 
may lead to a conditioned deficiency. However, the 
normal reserves of fat-soluble vitamins are substantial, 
and so deficiency states develop only after protracted 
negative balances. 


Vitamin A 


[Well-established deficiency states: Blindness; xeroph- 
thalmia (conjunctival keratinization); keratomalacia 
(corneal conjunctival opacity with alteration of the 
cornea); follicular (papular) hyperkeratosis of the skin; 
squamous metaplasia of the mucosal linings of the 
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respiratory, gastrointestinal, and genitourinary tracts 
and of the ducts of glands. ] 

[Possible consequences: Predisposition to epithelial can- 
cers of the skin, lungs, bladder, and colorectum; re- 
tarded skeletal growth in infancy.and childhood ane- 
mia. | 


Vitamin A exists in the body in a variety of chemical 
forms, and it is best to clarify the terminology at the 
outset. Vitamin A alcohol is referred to as retinol. There 
are at least two forms of vitamin A alcohol—A, (retinol) 
and A, (3-dehydroretinol). Retinyl ester refers to vitamin 
A ester. The aldehyde form of vitamin A is known as 
retinal and the acid as retinoic acid. Provitamin A, 
found largely in leafy green and yellow vegetables such 
as carrots and sweet potatoes, is referred to as carotene, 
of which the most important is beta-carotene, consisting 
essentially of two linked vitamin A molecules. In addi- 
tion, there is now a large variety of synthetic products 
comprising analogs of vitamin A, known collectively as 
retinoids. As will be seen, excesses of vitamin A may 
induce an important clinical syndrome known as hyper- 
vitaminosis A. With the recent interest in the possible 
use of vitamin A in the treatment of various proliferative 
and neoplastic epithelial lesions, great effort has been 
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made to synthesize retinoids having antiproliferative 
activity that can be administered in large amounts 
without the toxic effects of the naturally occurring 
vitamin A compounds. 

BASIS AND PREVALENCE OF DEFICIENCY STATE. The 
preponderance of vitamin A in the normal Western diet 
is in the form of retinol or esters derived from liver, 
dairy products, or vitamin pills. Some from natural 
vegetable sources is in the form of carotenes, which are 
split in the intestinal mucosal cell into retinol. Bile and 
normal pancreatic function is critical to the absorption 
of these fat-soluble products. Normal blood levels of 
vitamin A are maintained by the daily intake and by 
hydrolysis of the stored hepatic retinyl esters, releasing 
retinol into the blood, which is then bound to retinol- 
binding protein (RBP), an alpha-l-globulin, in turn 
complexed to prealbumin. 

Primary deficiency of vitamin A is endemic in 
certain areas of the world—Central America, the Middle 
East, and in and about India. In these regions, it is the 
principal cause of blindness, which usually develops 
during childhood but may not appear until adult life. 
Poverty and its attendant malnutrition is likely to be 
the root cause of the deficiency state in these endemic 
areas; in addition, a woeful lack of knowledge about 
nutrition undoubtedly contributes since food sources of 
vitamin A are generally plentiful in these locales. A 
primary vitamin A deficiency may also occur sporadically 
in any part of the world because of a grossly inadequate 
diet. More often the sporadic disorder is a secondary 
conditioned state related to the impaired fat absorption 
of biliary tract and pancreatic disease, or some other 
malabsorptive disorder. Occasionally, diffuse liver dis- 
ease or protein malnutrition result in inadequate syn- 
thesis of plasma transport proteins, depriving the tissues 
of vitamin A. Under these circumstances, serum vitamin 
A levels may be spuriously depressed and may not 
accurately reflect body stores. Moreover, diffuse liver 
disease may impair the ability to store retinyl esters, 
thereby potentiating a deficiency state whenever there 
is a prolonged negative balance. 

The pathogenesis of the tissue changes in vitamin A 
deficiency is best understood in the context of the 
morphology of the lesions. 


MORPHOLOGY 

Epithelial Metaplasia. For reasons yet unknown, vita- 
min A is necessary for the maturation and differentiation of 
the specialized epithelial surfaces of the body, e.g., the 
mucous membranes of the eyes; the mucosa of the respi- 
ratory, gastrointestinal, and genitourinary tracts; the lining 
epithelia of gland ducts; and the ducts of skin appendages. 
Wolbach and Bessey characterized the general nature of 
these epithelial changes as ‘atrophy of the epithelium con- 
cerned, reparative proliferation of the basal cells, and growth 
and differentiation of the new products into a stratified 
keratinizing epithelium.’'® From this description, it is appar- 
ent that in the sites mentioned the normal epithelium, what- 
ever its type, is replaced by inappropriate keratinized, strat- 
ified squamous epithelium (Fig. 9-5). If the epithelium is 
normally stratified and keratinized as is the skin, it becomes 
excessively keratinized. The nonkeratinized, stratified squa- 


mous mucosa, such as is found in the conjunctiva, cornea, 
and vagina, becomes keratinized. When the epithelium is 
more specialized, e.g., the columnar epithelium of the res- 
piratory tract, cuboidal epithelium that lines ducts, or transi- 
tional epithelium of the urinary tract, the changes take the 
form of atrophy of the normal mucosa and replacement by 
squamous differentiation of basal stem cells. 

In the eye, the scleral and corneal conjunctivae become 
keratinized. The mucous cells in these surfaces disappear 
and, along with this change, the lining of the ducts of the 
tear gland is replaced by keratinized, stratified squamous 
epithelium. The keratin debris plugs the ducts and so the 
normal moist, mucosal surfaces become dry, granular, and 
roughened, resembling skin (xerophthalmia). The keratin 
debris accumulates in whitish, meringue-like plaques (Bitot's 
spots). These modifications lead to significant irritation in the 
orbit. Visual acuity is impaired by the keratinization and 
thickening of the corneal mucosa. This surface may ulcerate 
and lead to softening and opacity of the cornea with sec- 
ondary infection. As the corneal involvement progresses, 
vascularization and infiltration by inflammatory cells hasten 
the softening and sometimes lead to frank perforation. | hese 
corneal changes are referred to as keratomalacia. 

In the respiratory tract, including the nose, nasopharynx, 
and sinuses, replacement of the normal columnar ciliated 
epithelium by nonciliated, stratified squamous epithe- 
lium seriously impairs the normal defensive function of the 
mucosa. Ciliary action is thus lost, and the normal secretions 
are suppressed. The desquamiated keratin debris acts as 
foreign bodies that predispose to superimposed infections. 
The epithelial changes in the nose provide a source of 
diagnostic scrapings, which may reveal keratinized scales 
in place of the usual cells, an aid in the diagnosis of this 
avitaminosis. 

In the urinary tract, particularly in the renal pelvis and 
bladder, the keratin debris may serve as a nidus for the 
formation of urinary tract stones, which turther predispose 
to inflammatory changes and infections 

Changes in the skin take the form of hyperplasia and 
hyperkeratinization of the epidermis, and plugging of the hair 
shafts and sebaceous gland ducts by piled-up masses of 
keratin, which produce numerous minute papules and give 
a rough, sandpaper-like texture to the skin. The condition is 
known as follicular or papular hyperkeratosis or derma- 
tosis. Similarly, plugging of the ducts of the salivary glands 
and pancreas may give rise to significant digestive distur- 
bances. 


Figure 9-5. Squamous metaplasia of the epithelial lining of a duct 
in the pancreas. 


There is great current interest in the possibility that 
vitamin A, carotene, and the synthetic retinoids may 
protect humans against the development of skin, blad- 
der, lung, stomach, and colorectal cancer. More specifi- 
cally, the evidence, albeit not strong, points to a possible 
lower than normal dietary intake of vitamin A and carotene- 
containing foods among victims of these forms of neoplasia, 
particularly squamous cell carcinoma of the lung.'® 7 Simi- 
larly, vitamin A and its analogs inhibit the carcinogenicity of 
chemical carcinogens, oncogenic viruses, and irradiation in 
experimental animals and in cell culture."® '* There are the 
additional findings of regression of basal cell carcinomas 
with topical application of retinoids, and regression of papil- 
lomas of the urinary bladder with oral administration. In 
passing, it might be mentioned that there are numerous 
reports of the efficacy of retinoids in treatment of a number 
of non-neoplastic but proliferative skin conditions, including 
psoriasis, lichen planus, ichthyosis, plantar warts, and oth- 
ers.2° Heartening as these data may be, other studies 
indicate that vitamin A and its synthetic analogs have in 
certain experimental protocols demonstrated cell-activating 
properties and induced tumor formation.?" Dosage, route of 
administration, and the particular experimental model em- 
ployed may be involved in these contradictory findings. The 
issue remains moot, but most of the evidence suggests that 
retinoids in some way reduce the predisposition to cancer, 
perhaps by maintenance of normal cell differentiation. 

Even more uncertain is the role of this nutrient in skeletal 
growth and in red cell formation. Infants suffering from a 
severe lack of vitamin A have been reported to have retarded 
growth, but concomitant nutritional deficiencies have not 
been rigorously ruled out. Equally controversial is the role of 
a lack of vitamin A in the induction of anemia.” It is 
suggested that in some way the nutrient contributes to the 
mobilization of iron stores, and so a deficiency may impair 
hemoglobin synthesis. 


PATHOGENESIS. Blindness, in subdued or even 
bright light, depending on the severity of the deficiency 
state, is the best elucidated consequence of a lack of 
this vitamin. For providing an understanding of this 
phenomenon, Wald received the Nobel Prize for Med- 
icine in 1967.” Critical to vision are the photosensitive 
pigments—rhodopsin in rods and iodopsin in cones (they 
differ only in the protein bound to the vitamin A 
moiety). In both pigments, 11-cis-retinal constitutes the 
crucial prosthetic group. On exposure to light, there is 
dissociation of the pigment into its protein and retinal, 
which then isomerizes to the all-trans form with the 
release of a quantum of energy. Reisomerization to the 
cis form occurs in the dark, but only after conversion of 
retinal to retinol. Thus the 11-cis-retinol must be oxi- 
dized to the retinal form with reformation of the pho- 
tosensitive pigment. However, some of the retinal be- 
comes an inactive isomer and so is permanently lost. 
Thus, a constantly available source of additional vitamin 
A is necessary to maintain adequate levels. With mod- 
erate lack of vitamin A, the pigment is depleted prin- 
cipally in the rods, producing night blindness. With 
more extreme deficiencies, both rods and cones are 
affected, producing blindness even in bright light. 

In sharp contrast to the understanding of the role 
of vitamin A in vision, very little is known about how 
vitamin A maintains the integrity of epithelial cells and 
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prevents keratinizing metaplasia and, possibly, tumor 
induction. A number of disparate observations have 
been made. It has been observed that epithelial cells 
possess specific vitamin A binding proteins, but their 
role in the homeostasis of the cell is not established.*! 
Conceivably, the protein-vitamin complex is transported 
into the nucleus where it modifies gene translation (like 
the steroid hormones), thereby playing a role in the 
proliferation and differentiation of the cell.” Oral reti- 
noids have been reported to enhance regression of the 
atypical metaplasia of the bronchial mucosa seen in 
heavy cigarette smokers.”° The vitamin may also be 
involved in intracellular glycosylation reactions, which 
could help to maintain the integrity of mucus-secreting 
cells. Other findings point to maintenance of both 
plasmalemmal and organellar membranes and to regu- 
lation of prostaglandin synthesis. With respect to the 
putative antitumor effect of vitamin A, it is proposed 
that, in addition to its role in the differentiation of cells, 
it enhances the immune reactivity of the host by stim- 
ulation of T-killer cells and T-cell cytotoxicity, possibly 
contributing to so-called tumor surveillance (itself a 
controversial issue).*” 7° Alternatively, there are reports 
suggesting that retinoids inhibit neoplastic transforma- 
tion of cells (at least in vitro) by restoration of contact 
inhibition and density-dependent growth inhibition.” It 
is clear that many observations have been made, but 
their implications need to be clarified. One can only 
conclude that, in some way, vitamin A and its analogs 
play some role in normal cell growth and differentiation. 

CLINICAL MANIFESTATIONS. Visual abnormalities 
and changes in the eyes and conjunctivae are major 
clinical features of a lack of vitamin A. Impaired vision 
in subdued light (nyctalopia) or even blindness in bright 
light (hemeralopia) are highly suggestive of the defi- 
ciency state in the absence of other abnormalities in the 
visual apparatus. However, as is evident from the above 
morphologic discussion, xerophthalmia and keratoma- 
lacia in the course of time may lead to extensive 
erosions, ulcerations, and even destruction of the eye- 
ball. Keratinizing metaplasia of the respiratory tract 
predisposes to infections, and similar changes in the 
urinary tract may predispose to urinary tract infections 
or urolithiasis. Sometimes the hyperkeratotic papular 
dermatitis suggests the presence of the deficiency state. 
However, to confirm the diagnosis it is necessary to 
demonstrate reduced serum values for vitamin A and/or 
carotene; when they fall below 10 and 20 wg per 100 
ml, respectively (normal, 20 and 40 or over), the defi- 
cient state is probably present. You recall that such 
values are reliable only when plasma protein levels are 
normal. 

Toxicity. Although normal levels of vitamin A are 
requisite for health, excessive amounts (hypervitami- 
nosis A) are dangerous. In infants, ingestion of excessive 
dosages has led to increased intracranial pressure with 
drowsiness, vomiting, bulging of the fontanelles, peeling 
of skin, loss of hair, hepatomegaly, and bone pain with 
radiologic evidence of periosteal neo-osteogenesis. In 
adults, headache, dizziness, blurred vision, diplopia, 


_ nausea, vomiting, drowsiness, peeling of the skin, and 
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hepatic enlargement (sometimes with liver injury, portal 
hypertension, and ascites) may appear. Indeed, with 
more chronic toxicity, a variety of mental disturbances 
have developed that closely mimic schizophrenia or 
depression. Less disturbing is the appearance of yellow- 
ing of the skin, particularly of the palms, related to the 
carotenemia produced by the consumption of monster 
amounts of carrots (rabbits and carrot freaks, take note). 
Although the skin pigmentation of carotenemia is easily 
confused with jaundice, it does not produce yellowing 
of the sclerae. 


Vitamin D 
[Deficiency state: Rickets and osteomalacia] 


A deficiency of vitamin D, if sufficiently severe and 
protracted, leads to the classic skeletal disorders— 
rickets (in growing infants and children whose epiphyses 
have not yet closed) and osteomalacia (in adults). Both 
conditions are basically characterized by inadequate or 
delayed mineralization of newly laid-down osteoid, and 
therefore an excess of osteoid. In the case of rickets, 
there is also defective mineralization of epiphyseal car- 
tilage. Since vitamin D plays a critical role in the 
maintenance of normocalcemia, the inadequate miner- 
alization associated with vitamin D deficiency is often 
attributed solely to hypocalcemia. The basis of the 
skeletal disorders, however, is more complex. Abnor- 
mally low levels of serum calcium alone inevitably 
induce hyperfunction of the parathyroid glands, and the 
excess parathormone causes a skeletal disorder known 
as osteitis fibrosa (p. 1329), seen with all forms of 
hyperparathyroidism. Thus, a deficiency of vitamin D 
induces not only abnormal serum levels of calcium and 
phosphate, but also secondary hyperparathyroidism and 
consequently skeletal morphologic changes that consti- 
tute a combination of rickets (or osteomalacia) and 
osteitis fibrosa. Our consideration of hypovitaminosis D, 
rickets, and osteomalacia, then, must concern itself not 
only with the metabolism of vitamin D, but also with 
that of calcium and phosphate, as well as the interplay 
of the altered parathyroid and thyroid (calcitonin) func- 
tion that ensues. For clarity, these pathogenetic meta- 
bolic considerations will be presented first. 

PATHOGENESIS. There are two generic causes of 
rickets and osteomalacia: (1) vitamin D deficiency or 
abnormal metabolism of the vitamin and (2) a deficiency 
or deranged utilization of inorganic phosphorus.* Both 
etiologies derange calcification of the skeleton, but with 
respect to the first it is now clear that vitamin D itself 
is not active in calcium metabolism. It must first undergo 
conversion to its active metabolite, 1-alpha, 25-dihy- 
droxyvitamin D, [1,25-(OH),D,], which in essence con- 
stitutes a hormone since it is formed in the kidney and 
acts on distant target organs. 

There are two native forms of the vitamin: vitamin 
D, (cholecalciferol) and vitamin D, (ergocalciferol), both 
of which are essentially steroids. Since vitamin D, is 
metabolized in a manner similar to vitamin D,, it will 
not be discussed further. Vitamin D, may be endoge- 
nously derived from 7-dehydrocholesterol, an interme- 


diate in cholesterol biosynthesis. Upon exposure to ul- 
traviolet light, 7-dehydrocholesterol (provitamin D,) in 
the skin is transformed first into previtamin D,, which, 
without further exposure to light, slowly equilibrates 
into vitamin D,.*! Vitamin D, may also be derived from 
a variety of animal products, particularly liver. With 
sufficient exposure to sunlight, no dietary source of 
vitamin D is required. Persons living in the northern 
hemisphere almost always require exogenous vitamin 
D. 

Dietary D, is absorbed in the small intestine, 
requiring, as do other fats, normal biliary function. After 
absorption or endogenous synthesis, it is transported in 
the blood to the liver bound to an alpha-1-globulin. 
Here it is either stored (other storage sites are fat depots 
and muscle) or undergoes metabolic conversion to 25- 
lydroxy-vitamin D, (25 OHD,) by a 25-hydroxylase 
located primarily in the endoplasmic reticulum of he- 
patocytes. The 25-hydroxyvitamin D, formed in the 
liver is then transported to the kidney, bound to the 
alpha-l-globulin transport protein in the blood. In the 
kidney it undergoes the final step in its evolution into 
1,25-(OH),D,;— referred to as the vitamin D hormone 
or calciferol (Fig. 9-6). Involved in this conversion is 
the l-alpha-hydroxylase found in the mitochondria of 
the renal proximal convoluted tubule cells.” It has 
always been said that the l-alpha-hydroxylase is found 
only in the kidney since nephrectomy in animals totally 
blocks the conversion of 25 OHD, into 1,25-(OH),D,. 
However, high plasma levels of the hormone have been 
identified in a patient maintained on dialysis whose 
kidneys had been surgically removed.* Thus, extrarenal 
sites may also possess the requisite hydroxylase, or 
alternative explanations must exist. 

The 25-hydroxyvitamin D, may undergo other met- 
abolic conversions. The kidney, intestine, and cartilage 
have a 24R,25-OHD, hydroxylase that produces 24,25- 
(OH),D,, a metabolite much less active than the hor- 
mone. What initiates conversion of 25-OHD, into 24, 25- 
(OH),D, is still somewhat unclear but will be discussed 
later. Possibly it has a special metabolic role.** There 
are still other metabolites such as 25R,26-(OH),D, into 
which 25-hydroxyvitamin D may be converted, but 
these need not be detailed. 

As with all steroid hormones, cellular receptors 
appear to mediate the intracellular function of 1,25- 
(OH),D,.* High-affinity receptors have been located in 
the nuclei of the villus cells of the small intestine; the 
crypt cells of the small and large intestines; osteoblasts, 
osteocytes and chondrocytes of bone; parathyroid 
glands; distal tubules of the kidney; podocytes of the 
glomerulus; basal cells of the skin; endocrine cells of 
the stomach; and the TSH-producing cells of the pitui- 
tary. It has been shown that in certain hereditary 
forms of rickets (described later as vitamin D—dependent 
rickets) skin fibroblasts also possess receptors, providing 
a ready source of cells for study.*” Whether all of these 
cells possessing receptors play a role in calcium and 
phosphorus metabolism is not certain, but clearly the 
intestines, bone, parathyroids, and kidneys are in- 
volved. 
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Figure 9-6. Functional metabolism of vitamin D including its biosynthesis by a photolysis reaction in 
the skin. Note that the final active form, 1,25(OH),D,, is made exclusively in the kidney and functions 


in intestine, bone, and kidney. UV = 


ultraviolet light. (From DeLuca, H. F.: Vitamin D metabolism 


and function. Arch. Intern. Med. 738:838, 1978. Copyright 1978, American Medical Association.) 


Despite the remarkable increase in our understand- 
ing of the metabolites of vitamin D, there are still gaps 
in our knowledge about their precise roles in the 
economy of calcium and phosphorus. 1,25-(OH),D, ele- 
vates the plasma calcium level principally by increasing 
the active transport of calcium from the lumen of the 
small intestine into the blood.* In intestinal mucosal 
cells, the hormone stimulates the synthesis of a calcium- 
binding protein presumably active at the brush border 
of the cells. A question remains as to whether the carrier 
protein initiates absorption or merely facilitates — 
transport across the cell membrane. Whichever the 
case, once within the mucosal cells, the calcium is 
transferred across the cell to the blood. The hormone 
participates in the active transport of phosphaté by a 
process quite independent of calcium transport. In this 
manner the hormone serves to elevate the plasma cal- 
cium and phosphorus concentrations to supersaturated 
levels. Such levels are requisite for mineralization of 
newly formed bone. Whether the hormone is al so di- 
rectly involved in the mineralization of osteoid surpris- 
ingly is still uncertain. As you know, normocalcerhia is 
also necessary for normal function of nerve and muscle 
(including myocardium) and normal membrane perme- 
ability and blood clotting. The active hormone\ has 
additional functions: it increases, minimally, renal ab- 
sorption of calcium in the distal tubules and, together 
with parathormone, mobilizes calcium and phosphate 
from the bone-fluid interface, both serving to further 
support the serum levels of calcium and phosphorus. 
The mobilization of minerals in bone probably also 
involves the synthesis of transport proteins similar to 
those described in the intestine, since this function can 
be blocked by previous administration of actinomycin 
D, which inhibits protein synthesis. 

Vitamin D is regulated by the serum levels of both 
1,25-(OH),D, and calcium. Although high blood levels 
of the homvone exert some control of the hepatic 25- 
hydroxylase, the control is crude since increased dietary 
intake of the vitamin induces increased formation of 25- 
OHD, despite high blood levels of the hormone. The 


fine tuning is performed by 1,25-(OH),D,. High levels 
of the hormone suppress the renal 1-alpha-hydroxylase 
and turn on the 24R-hydroxylase, producing the less 
active 24,25-(OH),D,, while the converse occurs with 
low levels. Thus, regulation of the circulating level of 
1,25-(OH),D, constitutes a typical endocrine feedback 
loop. As mentioned, the serum levels of calcium also 
constitute a regulatory mechanism, but only through 
the intermediation of parathormone. In animals, low 
calcium diets induce secretion of parathormone, the 
parathyroid hormone, in the presence of vitamin D, 
increasing the activity of the l-alpha-hydroxylase and 
suppressing the 24R-hydroxylase, while high calcium 
diets do the converse. So it is that, with hypocalcemia, 
there is increased activity of the 1-alpha-hydroxylase, 
and the resultant 1,25-(OH),D, stimulates the absorp- 
tion of calcium in the distal renal tubules, and mobili- 
zation of calcium from bone, but the primary response 
is increased intestinal absorption. If for any reason the 
diet is severely lacking in calcium, or the intestine fails 
to respond, there is mobilization of calcium from bone. 
1,25-(OH),D, does not require parathyroid hormone for 
its intestinal function, but the mobilization of calcium 
from bone is dominantly a parathyroid hormone func- 
tion, with 1,25-(OH ),D, playing only a permissive role.* 

Finally, it should be pointed out that the serum 
level of phosphate also plays some as yet poorly under- 
stood role in the regulation of 1,25-(OH),D,;. As with 
calcium, hypophosphatemia induces synthesis of 1,25- 
(OH),D;, while elevated levels of phosphate lead to the 
metabolically less active 24,25-(OH),D3. 

BASIS AND PREVALENCE OF DEFICIENCY STATE. It 
should be clear from the preceding discussion that many 
disturbances in vitamin D, calcium, or phosphorus 
metabolism may lead to defective mineralization of the 
skeleton.** *° There are many possible causes, but the 
major ones can be briefly characterized as follows. 

Vitamin D Lack. A lack of vitamin D may arise 
because of: (1) insufficient endogenous synthesis; (2) a 
primary deficiency state due to a dietary lack of the 
nutrient; or (3) a secondary deficiency caused by mal- 
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absorption of the lipid-soluble vitamin. Classic infantile 
rickets is rare in most industrialized nations where foods 
are supplemented with vitamin D. A primary deficiency 
of vitamin D, however, is still encountered in infants in 
economically deprived populations of developing na- 
tions, and even in developed countries, usually among 
impoverished families who have migrated from sunny 
to northern climes.*! The very elderly who live on 
restricted diets and shun the sunlight are at risk of 
developing osteomalacia, as are those who rigidly avoid 
fatty foods or live on strict vegetarian diets and consume 
no dairy products. A secondary deficiency state may be 
caused by any malabsorptive disorder that impairs fat 
absorption, e.g., pancreatic, biliary tract, and intestinal 
diseases, such as sprue and regional enteritis. Gastrec- 
tomy, for poorly understood reasons, may also induce a 
secondary deficiency state. 

Chronic Renal Failure. The development of rickets 
or osteomalacia with chronic renal failure is not solely 
due to loss of renal parenchyma, and with it the ability 
to convert 25-OHD, into 1,25-(OH),D,. In renal failure, 
the development of systemic acidosis may also contrib- 
ute by altering the metabolism of vitamin D and the 
renal and intestinal handling of calcium and phosphorus. 

Hypophosphatemia. A dietary lack of phosphorus 
sufficient to produce a primary deficiency state is highly 
unlikely except in extreme instances of protein malnu- 
trition. A secondary deficiency, however, may develop 
in peptic ulcer patients on long-term antacids containing 
aluminum hydroxide, which forms insoluble complexes 
with phosphorus, blocking its absorption. Several forms 
of renal tubular disorders may also cause hypophospha- 
temia. One disorder known as renal tubular acidosis is 
characterized by hypophosphatemia, hyperphosphatu- 
ria, systemic acidosis, and impaired intestinal absorption 
of calcium. The increased renal excretion of phosphate 
may at least in part be attributable to the acidosis. The 
metabolic acidosis may also contribute to the develop- 
ment of rickets and osteomalacia by impairment of 
vitamin D metabolism. Another renal tubular disorder 
associated with hypophosphatemia is the Fanconi syn- 
drome, which basically consists of a general proximal 
tubular dysfunction with impaired reabsorption of phos- 
phate, glucose, amino acids, and bicarbonate. Thus, 
hyperphosphaturia, hypophosphatemia, aminoaciduria, 
glycosuria, and often systemic acidosis appear, as well 
as other metabolic defects. Analogous dysfunctions may 
also develop in the course of a variety of diseases, e.g., 
hereditary disorders of cystine metabolism, Wilson’s 
disease, multiple myeloma, and lead poisoning. In these 
conditions, the hypophosphatemia is also caused by 
increased renal loss and the accompanying acidosis. 
Hypophosphatemia is a prominent feature of certain 
familial disorders to be discussed next. 

Hereditary Diseases. Two genetic disorders are sig- 
nificant causes of rickets or osteomalacia: (1) X-linked 
hypophosphatemia, also known as vitamin D-resistant 
rickets (autosomal dominant) and (2) vitamin D—depend- 
ent rickets (autosomal recessive). X-linked hypophos- 
phatemia, with a gene frequency in the general popu- 
lation of about one in 25,000, has become one of the 
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more important causes of rickets in developed nations 
as the nutritional form has dwindled in frequency. The 
disorder is marked by hypophosphatemia, frequently 
mild hypocalcemia, and diminished intestinal absorption 
of both phosphate and calcium. Reduced levels of 1,25- 
(OH),D, and resistance to large doses of vitamin D are 
additional features. The basic metabolic defect (vitamin 
D-resistant rickets) that causes these difficulties is still] 
a matter of controversy. One theory proposes an end- 
organ insensitivity to vitamin D metabolites, hence the 
synonym. Another points to increased reactivity to 
parathormone or some other substance inducing exces- 
sive phosphaturia. Yet another postulates a primary 
renal tubular defect in phosphate transport. The re- 
quirement for large doses of vitamin D as well as 
phosphate is notable with this disorder. 

Vitamin D—dependent rickets is also characterized 
by hypophosphatemia and often by severe skeletal dis- 
ease, which usually becomes manifest only in adult life 
as osteomalacia. Two forms of this usually autosomal 
recessive disease have been identified. In type I the 
defect is thought to be a “missing enzyme,’ namely the 
1-alpha-hydroxylase required for conversion of 25-OHD, 
to 1,25-(OH),D,.” In the type II form of the disease 
there is a defect in cellular uptake of the vitamin D 
active hormone.” 

Drug-induced Rickets and Osteomalacia. Many 
drugs, including virtually all the anticonvulsants such as 
phenytoin and phenobarbital, may lead to the skeletal 
disorders. It is proposed that the use of such drugs 
increases the hepatic degradation of steroid hormones, 
including vitamin D. Simultaneously, the drugs may 
directly impinge on major target sites of calcium metab- 
olism, i.e., inhibition of calcium transport in the intes- 
tines and of the bone-resorptive response to parathyroid 
hormone and 1,25-(OH),D,.” 

It is sufficient to note that, although the skeletal 
disorders may be produced by a deficiency of vitamin 
D, in reality they represent common anatomic end 
points of a wide range of clinical derangements that 
impinge on vitamin D, calcium, and phosphorus metab- 
olism. 

NORMAL BONE DEVELOPMENT AND MAINTENANCE. 
An understanding of the morphologic changes in rickets 
and osteomalacia would be greatly facilitated by a review 
of normal bone development and maintenance (p. 1319). 
Here the following cursory comments must suffice. 

The skeleton is formed by two totally distinct 
processes—intramembranous ossification, involving pri- 
marily the development of the flat bones, and endo- 
chondral ossification, which accounts primarily for the 
formation of the long tubular bones. With intramem- 
branous bone formation, mesenchymal cells differentiate 
directly into osteoblasts, which synthesize the largely 
(90 to 95%) collagenous matrix. After fetal life, this 
matrix is laid down in the form of lamellar bone with 
the collagen fibrils aligned in parallel arrays. During 
fetal development, or whenever there is excessively 
rapid bone formation as in certain diseases, the matrix 
collagen is haphazardly laid down, producing what is 
called “woven” bone. Bone matrix prior to its mineral- 


ization is called osteoid. The factors that initiate miner- 
alization of osteoid are still poorly understood.** The 
plasma levels of calcium or phosphorus are critical, but 
osteoblasts also play some little understood role. Other 
influences include the fibrillation and maturation of 
collagen involving the development of intra- and inter- 
molecular cross-links; the ground substance (glycos- 
aminoglycans) of the matrix; and vitamin K-dependent, 
calcium-binding proteins. The mineral salts laid down 
are largely composed of calcium phosphate admixed 
with other trace elements. At first the calcium phosphate 
is deposited as amorphous granules, but in the course 
of days these deposits mature into crystalline formations 
of hydroxyapatite. 

Endochondral ossification refers to the process of 
epiphyseal cartilaginous growth of the long tubular 
bones. The cartilage is progressively replaced by os- 
teoid, which is then mineralized. The rate of synthesis 
of cartilaginous matrix by chondroblasts is precisely 
matched by resorption and replacement by osteoid at 
the metaphyseal interface. At this interface, the spicules 
of cartilage must first undergo provisional mineralization 
before being resorbed and replaced by osteoid, which 
then undergoes mineralization to create bone. Even in 
bones formed by endochondral ossification, expansion 
in diameter occurs by direct synthesis of osteoid by 
periosteal osteoblasts, while endosteal osteoclasts resorb 
the inner surface of the cortex to maintain its appropriate 
thickness. 

By the time of epiphyseal closure, the development 
of the skeleton in terms of its basic size is virtually 
complete. However, bone maintenance involves contin- 
ued osteoclastic bone resorption and concurrent osteo- 
blastic activity throughout life, along the cortex, as well 
as the bony trabeculae. Indeed, in young adults the 
turnover rate of total skeletal calcium may reach 15 to 
18% per year. A relatively steady state is maintained 
during early adult life by remarkable matching of the 
rate of bone formation and bone resorption. In middle 
to later adult life, bone resorption dominates, and with 
it skeletal mass is progressively lost. The loss may 
achieve pathologic dimensions to produce the condition 
known as osteoporosis (p. 1327). In any event, for our 
purposes, attention is called to the constant deposition 
of osteoid during adult life to replace bone lost by 
resorptive processes. 

At sites of osteoblastic activity, about 1 micron of 
osteoid is produced daily. Since total mineralization lags 
by about 12 to 15 days behind such osteoid synthesis, 
bone at virtually all ages contains osteoid seams about 
12 to 15 microns in thickness. If mineralization is 
delayed or inadequate, as occurs in both rickets and 
osteomalacia, the osteoid seams thicken, a development 
that is referred to as hyperosteoidogenesis. It is now 
possible, with the use of tetracycline, to quantitate quite 
precisely the rate of mineralization of osteoid. This 
antibiotic, when administered orally or parenterally to 
an animal or human, chelates within two hours with the 
amorphous bone minerals freshly deposited in osteoid. 
The tetracycline can be visualized in undecalcified bone 
sections by its fluorescence under ultraviolet light. 


409 


Normally with a single administration of tetracycline the 
labeled osteoid is about 4 to 5 microns in width. By the 
use of time-spaced doses of the drug, it is possible to 
evaluate the rate of bone formation by the mean distance 
between the two fluorescent lines.* Thus, tetracycline 
labeling greatly facilitates the histologic visualization of 
the inadequate or delayed mineralization of rickets and 
osteomalacia. 
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MORPHOLOGY. The basic derangement is the same 
in osteomalacia and rickets, namely, delayed and/or 
inadequate mineralization, and hence an excess of os- 
teoid. The anatomic changes in rickets, however, are com- 
plicated by inadequate provisional mineralization of epiphys- 
eal cartilage leading to deranged endochondral ossification. 
It is desirable, then, to consider the simpler case of osteo- 
malacia first. 

Basically, osteomalacia consists of a subtle loss of 
skeleton and is one of a group of metabolic bone 
diseases, inducing so-called osteopenia. Hyperosteot!- 
dosis is requisite for the histologic diagnosis. However, 
excess osteoid is also seen in other skeletal disorders such 
as Paget’s disease and osteitis fibrosa, but in these condi- 
tions there is no defect in mineralization, and in fact an 
increased rate. In contrast, the excess osteoid in osteoma- 
lacia is the result of a delay in mineralization. In some areas 
the newly laid down osteoid shows no mineralization.“ 
Unmineralized osteoid in usual hematoxylin and eosin stains 
appears as pink-staining matrix complete with osteocytes 
within lacunae and osteoblasts aligned along the surface. 
Mineralized osteoid tends to stain more violet to blue, 
reflecting the basophilia of the bone salts. Such tinctorial 
features are better appreciated in undecalcified bone sec- 
tions. Even better discrimination can be achieved by tetra- 
cycline labeling if the patient has received the antibiotic prior 
to bone biopsy. Since tetracycline binds only to newly 
deposited amorphous calcium phosphate, in osteomalacia 
the tetracycline band may be absent, narrowed, or some- 
times widened—the last reflecting delay in maturation of the 
bone salts. The osteoblasts, arrayed along the surface of 
the bone matrix, are generally flattened and inactive. There 
is no fibrosis of the marrow in areas of cancellous bone. 

Subtle differences exist between the histologic fea- 
tures of the bony changes associated with hypovitamin- 
osis D and those occurring with phosphate depriva- 
tion.*° In the former, the changes already described are 
complicated by an element of osteitis fibrosa, resulting from 
secondary hyperparathyroidism, for reasons given earlier (p. 
406). With osteitis fibrosa, there is hyperosteoidosis, often 
of woven (irregularly laid down) bundles of collagen, but no 
significant lack of mineralization. In addition, there are in- 
creased numbers of osteoclasts and osteoblasts, and mar- 
row fibrosis. All these alterations may complicate the micro- 
scopic findings in the osteomalacia of vitamin D lack. In 
contrast, phosphate deficiency is not associated with hypo- 
calcemia, and thus there is no secondary hyperparathyroid- 
ism. The osteomalacia then is not obscured by features of 
osteitis fibrosa. 

Gross morphologic changes of osteomalacia are notable 
for their absence in most cases. There is indeed an overall 
loss of mineralized bone, but in the absence of bending 
deformities, which are infrequent, or fractures, which may 
occur in this weakened skeleton, the bony contours are not 
affected. Radiologically, it may be possible to appreciate 
some loss of calcium, but the interpretation of skeletal x-ray 
films is difficult because of variation in film exposure and 
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development. Although techniques such as photonbeam 
absorptiometry and neutron activation of calcium provide 
methods of quantitating the amount of calcium in the skele- 
ton, these research tools are not often available for clinical 
diagnostic purposes. 

Rickets in the growing infant or child presents histologic 
changes that are identical to those already described in 
osteomalacia in the adult. In addition, however, there are 
striking alterations in endochondral ossification at the epi- 
physes. These will be listed first and then described in 
somewhat greater detail. 

1. Failure of deposition of minerals into the mature 
cartilaginous spicules at the metaphyseal interface. 

2. Failure of the cartilage cells to mature and disinte- 
grate, with resultant overgrowth of cartilage. 

3. Persistence of distorted irregular masses of un- 
mineralized cartilage, many of which project into the marrow 
Cavity. 

4. Deposition of unmineralized osteoid matrix on carti- 
laginous remnants with formation of a disorderly, totally 
disrupted osteochondral junction. 

5. Abnormal overgrowth of capillaries and fibroblasts 
into the disorganized zone. 

6. Bending, compression, and microfracture of soft, 
weakly supported osteoid and cartilaginous tissue, with 
resultant skeletal deformities. 

Failure of mineralization of the palisade of cartilaginous 
spicules is the fundamental defect. The cartilage cells that 
have aligned themselves between the finger-like projections 
of matrix fail to degenerate or are not invaded properly by 
capillary fibroblasts. As a result, the continued growth leads 
to an excess of cartilage. The epiphysis becomes widened, 
and large, irregular, tonguelike processes of cartilage extend 
toward the shaft of the bone. In the plane of section, many 
of these cartilaginous projections may appear as large plates 
or islands of cartilage totally detached from the adjacent 
epiphysis. The osteochondral junction, which is normally 
quite regularly arrayed, becomes completely jagged and 
disorderly. About and between the cartilaginous masses and 
spicules, osteoid matrix is produced by the normally func- 
tioning osteoblasts, but the matrix does not become miner- 
alized and therefore accumulates in excess (Fig. 9-7). 
Accompanying increased vascularization and fibrosis are 
present in the affected area, undoubtedly contributed by an 
element of osteitis fibrosa. Some calcification may be present 
in the scattered osteoid spicules in a spotty fashion, possibly 
related to varying levels of vitamin D deficiency, but in the 
florid advanced cases mineralization is notably deficient or 
absent. This zone of disorderly osteoid matrix and cartilage 
in the metaphysis is soft, and may become distorted under 
the stress of weight-bearing. The entire metaphyseal areas 
supported only by soft osteoid tissue and cartilage may 
become compressed, contributing to widening of the external 
diameter of the bone. The bone may bend, or the epiphysis 
may be displaced out of line, so that it is no longer at right 
angles to the long axis of the bone. These displacements 
and microscopic fractures cause further disarray of the 
rachitic zone and lead to hemorrhages, hemosiderosis, and 
fibrosis. 

In the areas of membranous bone, there is a failure of 
mineralization of newly formed osteoid tissue with accom- 
panying increased fibrosis and vascularization. 

Gross skeletal lesions are usually readily evident in 
rickets. The degree of deformity depends on the severity of 
the rachitic process, its duration, the rate of growth of the 
individual, and the stresses and tensions to which the bones 
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Figure 9-7. A detail of a rachitic costochondral junction. The 
palisade of cartilage is lost. Some of the trabeculae are old, well- 
formed bone, but the paler ones consist of unmineralized osteoid 
tissue. 


are subject. Age is a particularly important factor, not only 
with respect to the growth rate, but also insofar as it 
conditions the type of stress. Obviously, the very young 
infant lying in bed is subject to different pressures and 
stresses from those of the child of 2 or 3 years who is 
already walking. During infancy, the nonambulatory child 
places greatest stress upon the head and chest. The soft- 
ened occipital bones may become flattened and the cranium 
can be buckled inward by pressure but, with release of the 
pressure, elastic recoil snaps the bones back into their 
Original positions. This clinical sign is known as craniotabes. 
It is best elicited in the frontal regions where there is greatest 
curvature of the skull. An excess of osteoid tissue produces 
frontal bossing and a squared appearance to the head. 
The chest becomes markedly deformed because of the 
overgrowth of cartilage and osteoid tissue at the costochon- 
dral junction, giving rise to the “rachitic rosary.”’ The 
weakened metaphyseal area here is subject to the stress of 
gravity and the pull of the respiratory muscles, and thus 
becomes progressively depressed. Along with this depres- 
sion, the sternum and anterior portion of the rib cage tend 
to protrude and create the pigeon-breast deformity. The 
diaphragm causes a sharp depression that girdles the tho- 
racic cavity at the lower margin of the rib cage (Harrison’s 
groove). In the young infant, the pelvis may become de- 
formed by the stress of gravity. 

When the child begins to ambulate, in addition to these 
deformities, changes occur in the vertebral column, pelvis, 
and long bones. Commonly, a sharp forward curvature of 
the lumbar spine develops (lumbar lordosis), which may 
further accentuate the pelvic deformity. Support of the body 
weight leads to deformities in the long leg bones, and since 


these children frequently tend to sit and support themselves 
with their hands rather than stand, deformities occur in the 
long bones of the upper extremities also. It should be 
emphasized here that the skeletal alterations described 
represent a florid, far advanced case and that suboptimal or 
varying levels of vitamin D intake may modify the derange- 
ments to the point at which alterations are so subtle that 
they escape detection. 


Toxicity. Large excesses of vitamin D are well 
tolerated. Extreme overdosage (in the range of 1000 
times the normal intake) is extremely uncommon, but 
may cause hypercalcemia and consequent hypercalci- 
uria. The high calcium levels are probably attributable 
to increased absorption of calcium from the intestinal 
tract as well as to mobilization of skeletal calcium.*’ As 
a consequence of the increased levels of blood calcium, 
metastatic calcifications may occur and the hypercalci- 
uria predisposes to the formation of renal stones (p. 
1052). Sufficient renal damage may occur to cause renal 
failure. In addition, many nonspecific complaints such 
as nausea, vomiting, diarrhea, and signs of general 
toxicity may appear. 


Vitamin E 


Although vitamin E has been known as an essential 
nutrient for years, only recently have well-defined de- 
ficiency states been identified. Clearly it plays an im- 
portant role as an antioxidant. It protects labile vitamin 
A against oxidation, DNA from denaturation by free 
radicals, and the phospholipids within cellular and or- 
ganellar membranes against peroxidative attack by free 
radicals; it thus may control the amounts of lipofuscin 
and ceroid (both peroxidation products of membrane 
lipids), which accumulate within cells with aging, injury, 
and atrophy.* You recall that free radicals are continu- 
ously generated within the body and that there are 
numerous mechanisms by which the body rids itself of 
them (detailed on p. 11). Among these defenses are 
normal levels of vitamin E. 

The requirement for the antioxidant activity of 
vitamin E depends to an extent on the level of easily 
peroxidized polyunsaturated fatty acids (PUFA) in the 
diet. The greater the intake of PUFA, the greater the 
need for vitamin E. Similarly, the selenium intake is 
important, since it also serves an antioxidant role as an 
integral part of the enzyme glutathione synthetase, 
capable of destroying peroxides by converting them into 
harmless alcohols. * 

Absorption of vitamin E is essentially dependent 
on normal biliary, pancreatic, and intestinal function. A 
deficiency state virtually only develops with maldiges- 
tion and malabsorption of fats such as is most prone to 
appear with sprue and cystic fibrosis of the pancreas. In 
the absence of such underlying disorders there has been 
a conspicuous failure to identify a well-defined defi- 
ciency syndrome in otherwise normal humans. This is 
all the more surprising in light of the many well- 
recognized and diverse disorders that a deficiency of 
this nutrient produces in experimental animals, includ- 
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ing fetal resorption; male sterility; encephalomalacia; 
muscular dystrophy; an exudative diathesis; and hemo- 
lytic anemia, to mention only the best defined. Not- 
withstanding, no analogous or related disorders have 
been clearly identified in human volunteers despite 
extraordinarily prolonged experimental : restriction of 
vitamin E intake. Adult males were placed on a diet 
containing less than 2 mg vitamin E per day for approx- 
imately seven years (recommended daily allowance 8 to 
10 mg daily). Although the plasma concentration fell to 
about 20% of the normal level, the only observable 
change in the subjects was an increased susceptibility 
of erythrocytes to hemolysis by hydrogen peroxide, and 
there was no evidence of a significant anemia.” The 
only naturally occurring clinical condition that is com- 
parable is increased red cell hemolysis and edema in 
low-birth-weight infants maintained on formulas of cow's 
milk with added vegetable oils and iron, attributed to a 
low ratio of vitamin E to polyunsaturated fatty acids.” 
Significantly, a diet deficient only in vitamin E for over 
six months failed to reproduce this syndrome in pre- 
mature infants.** It must be concluded that although 
vitamin E may protect red cells against oxidative he- 
molysis by hydrogen peroxide, there is no evidence that 
it is a necessary erythropoietic factor in humans.* 

In part, the failure to identify a vitamin E deficiency 
syndrome in otherwise normal humans may relate to 
the fact that the nutrient is ordinarily plentiful in an 
average diet since it is abundantly available in cooking 
oils, whole grains, and a wide variety of leafy green 
vegetables in the form of four tocopherols and four 
tocotrienols, all of which have vitamin E activity. The 
major form of vitamin E in the normal diet is the alpha 
tocopherol. Nonetheless, low levels of vitamin E have 
been identified in the plasma of patients with fat mal- 
absorption. Such individuals have been observed to be 
at risk of developing myopathic and neuropathic abnor- 
malities.“* The spinocerebellar degeneration closely 
mimics that encountered in abetalipoproteinemia. 

On the basis of its well-defined antioxidant activity, | 
vitamin E is now being employed in the treatment of a 
variety of diseases in which oxidative injuries are impli- 
cated. Only a few examples will be cited, but for more 
details reference may be made to Horwitt.™ Vitamin E 
has been effective in preventing or reducing the severity 
of retrolental fibroplasia in premature infants exposed 
to prolonged high-oxygen tensions in incubators.® Pre- 
sumably the vitamin inhibits the formation of oxygen- 
derived free radicals. Analogously, it has been used in 
conjunction with the administration of oxygen to infants 
with bronchopulmonary dysplasia or the respiratory 
distress syndrome. Other conditions for which phar- 
macologic doses of vitamin E are employed include the 
hemolytic anemia of low-birth-weight infants, the short- 
ened red cell survival of patients with cystic fibrosis, 
and the myopathies and cerebellar dysfunction in pa- 
tients with hereditary abetalipoproteinemia. In addition, 
hereditary disorders associated with a deficiency of 
glutathione synthetase and glucose-6-phosphate dehy- 
drogenase have been said to benefit from large doses of 


412 


vitamin E. Many other disorders might be mentioned, 
but it should be emphasized that although encouraging 
results have been reported in some of these situations, 
it is not clear that the therapy merely corrects a defi- 
ciency state. Despite exhortations in advertisements, 
there is almost certainly no evidence that vitamin E 
supplementation in reasonably nourished individuals has 
anv beneficial effect on resistance to infections, muscular 
strength, or cardiac function, or, unfortunately, on 
potency or fertility. 


NUTRITIONAL DISEASE 


Vitamin K 
[Deficiency state: Hypoprothrombinemia] 


The fat-soluble vitamin K is necessary for the 
synthesis of the functionally active clotting factors II 
(prothrombin), VII, X, and XI. A deficiency of vitamin 
K and the consequent hypoprothrombinemia is recog- 
nized in the laboratory by prolongation of the prothrom- 
bin time (indicating delayed clotting) and in the patient 
by a predisposition to hemorrhage, referred to as a 
“hemorrhagic diathesis.” The four clotting factors are all 
“K-dependent proteins’ since the vitamin is a required 
cofactor for a hepatic microsomal carboxylase that con- 
verts glutamy! residues in the already synthesized pro- 
teins into gamma-carboxyglutamyl residues. It is the 
carboxylated proteins that have clotting activity, 
whereas the precursor proteins are inactive. Carboxy- 
lation of prothrombin permits it to bind calcium and 
then interact with phospholipid and factor Xa in the 
clotting sequence. Calcium binding by the other clotting 
factors also depends on carboxylation. A number of 
other K-dependent proteins requiring carboxylation for 
calcium binding have now been identified in the kidney, 
placenta, lungs, and spleen, and within renal calculi. 
An additional calcium-binding protein, known as osteo- 
calcin, may play a role in the mineralization of bone. 

The precise molecular events involved in the car- 
boxylation reactions are still somewhat uncertain. The 
vitamin must be present in a reduced form and in the 
course of the carboxylation reactions is oxidized to an 
epoxide by either enzymatic or superoxide activity.™ 
The oxidized form is ineffective as a cofactor for the 
hepatic carboxylase. However, the vitamin epoxide can 
be reversibly reduced by a hepatic vitamin K epoxide 
reductase that restores its activity. These details help 
to explain the mode of action of some of the commonly 
used clinical anticoagulants. Warfarin, a derivative of 
coumarin, antagonizes vitamin K activity by inhibiting 
the epoxide reductase necessary for establishing the 
physiologic function of the vitamin.™ 

Three closely related compounds all possess vitamin 
K activity: K, (phylloquinone), widely distributed in 
leafy green vegetables; K, (menaquinone), synthesized 
by microorganisms including the intestinal flora; and K, 
(menadione), a synthetic product. Although the normal 
intestinal flora synthesize relatively large amounts of 
vitamin K, this supply is not sufficient to obviate the 
need for dietary sources. A primary deficiency of vitamin 
K rarely occurs since the normal diet contains an 


abundance of this nutrient. A conditioned deficiency is 
far more likely. Impaired absorption of this fat-soluble 
vitamin may result from conditions inducing fat malab- 
sorption, such as a lack of bile salts (as in obstructive 
jaundice), pancreatic disease, or diffuse intestinal dis- 
orders. Since the body stores of vitamin K, principally 
in the liver, are relatively small, only a few weeks of 
negative balance may induce hypovitaminosis K. Pro- 
longed oral administration of antibiotics, which may 
destroy the intestinal flora, in association with a mar- 
ginal dietary intake or impaired absorption, is a well- 
recognized pathway to the development of a deficiency 
state.°? The neonate is at particular risk of developing 
hemorrhagic disease of the newborn, since the hepatic 
reserves are very small, and intestinal colonization has 
not yet fully developed. Moreover, human milk contains 
less vitamin K than does cow's milk, so that breast-fed 
infants are particularly at risk. Administration of vitamin 
K to the mother before delivery is now being reassessed 
in favor of direct administration to the newborn because 
recent studies suggest either that this vitamin does not 
cross the placental barrier or that the uptake by fetal 
plasma is poor.*”“ 

The hemorrhagic diathesis associated with hypo- 
prothrombinemia is identical to that occurring with a 
deficiency of other clotting factors. It is manifested by 
a predisposition to ecchymoses, nosebleeds, hematuria, 
melena, and, in particular, hemorrhages related to 
surgery, as in the relief of biliary tract obstructions. An 
additional potentially grave complication is intracranial 
hemorrhage. Obviously many of these manifestations 
are more bothersome than serious, but some may be 
fatal. The bleeding tendency responds promptly with a 
rise in prothrombin levels within 12 hours after intra- 
venous administration of one of the forms of vitamin K. 


WATER-SOLUBLE VITAMINS 


Included in this category are a constellation of B 
vitamins (B complex) and vitamin C (ascorbic acid.) In 
addition, there are several water-soluble nutrients var- 
iously referred to as vitamins—pantothenic acid, biotin, 
lipoic acid—known to be essential in lower animals, but 
not well correlated with deficiency states in man. It is 
worth noting only that excessive consumption of raw 
egg-white and prolonged parenteral alimentation have 
been reported to induce a scaly dermatitis and alopecia 
that responded to the administration of biotin.” 

As a group, water-soluble vitamins differ in several 
important respects from fat-soluble vitamins. Since most 
are rapidly and readily absorbed from the alimentary 
tract, conditioned deficiencies due to malabsorption are 
extremely infrequent. On the other hand, since most 
are not endogenously synthesized by man and some are 
only scantily stored, a continued dietary intake of many 
of these vitamins is essential as deficiency states may 
appear with relatively brief periods of negative balance. 
Most of the water-soluble vitamins are widely available: 
the B complex in a variety of foods, principally cereal 


grains, leafy green vegetables, yeast, liver, and milk; 
and vitamin C in citrus fruits, vegetables, and some 
meats. 

Ascorbic acid does not require metabolic transfor- 
mation, but the various members of the B complex all 
must undergo metabolic transformations that convert 
them into coenzymes or cofactors essential for a variety 
of metabolic processes. The B complex can be roughly 
divided into two groups: those involved in the intracel- 
lular metabolism of carbohydrates, fats, and proteins 
and those related to red cell production. The former 
group includes thiamine, niacin (nicotinic acid), ribo- 
flavin, and pyridoxine. These members of the B complex 
are often referred to as the “energy-releasing vitamins.” 
Despite the widespread metabolic reactions in which 
these nutrients participate, deficiencies of the individual 
vitamins tend to affect only specific organ systems, e.g., 
the heart and nervous system in thiamine deficiency or 
the skin and mucous membranes in riboflavin defi- 
ciency. The reasons for such specific target action are 
uncertain. The hematopoietic B vitamins comprise vi- 
tamin B,, (cobalamin) and folic acid. A deficiency of 
either leads to a megaloblastic anemia and, notably, 
pernicious anemia in the case of vitamin B)p. 


Thiamine 
[Deficiency state: Beriberi] 


Thiamine deficiency principally damages the ner- 
vous system (dry beriberi) and the cardiovascular sys- 
tem (wet beriberi). The vitamin is a highly water-soluble 
nutrient, made up of a substituted pyrimidine linked to 
a substituted thiazole by a methylene bridge. It is widely 
distributed in the cells of man where it undergoes 
phosphorylation into the coenzyme thiamine pyrophos- 
phate, also known as cocarboxylase. In this form, it 
participates in the oxidative decarboxylation of alpha- 
ketoacids, such as the conversion of pyruvate to acetyl 
CoA by pyruvate dehydrogenase and the conversion of 
alpha-ketoglutarate to succinyl CoA by alpha-ketoglu- 
tarate dehydrogenase. The pyrophosphate is also a co- 
factor for the enzyme transketolase, which is a key 
component of the pentose pathway of carbohydrate 
metabolism. A decrease in red cell transketolase activity, 
reversed by in vitro addition of thiamine pyrophosphate, 
serves as a widely applied clinical diagnostic test for 
thiamine deficiency. In addition, some recent evidence 
suggests that thiamine or its derivatives may participate 
in neural conduction by mechanisms independent of its 
enzymatic functions. The vitamin or its esters can be 
found in axonal membranes of nerves. After neural 
stimulation, the vitamin is broken down into its constit- 
uent components. 

BASIS AND PREVALENCE OF THIAMINE DEFICIENCY 
STATE. Thiamine, widely available in a variety of food- 
stuffs, is readily and rapidly absorbed through the upper 
intestinal tract. Absorption is unaffected by most intes- 
tinal disorders except those that produce severe anorexia 
and vomiting or marked gastrointestinal hypermotility. 
Significant amounts are stored in various organs, prin- 
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cipally in striated muscle. A primary deficiency state of 
thiamine is largely encountered in Southeast Asia and 
India, where populations subsist largely on polished rice 
or milled grains from which the vitamin has been 
depleted by removal of the outer husks. Similarly, in 
South America and Africa, diets made up largely of 
cassava, which totally lacks thiamine, may lead to beri- 
beri. Thiamine deficiency is encountered globally, prin- 
cipally among alcoholics having both a poor nutritional 
intake and frequent bouts of vomiting. Other pathways 
that may induce a deficiency state are the increased 
losses caused by diuretic therapy, hemodialysis, and 
peritoneal dialysis. In addition, certain raw foods such 
as fish, shrimp, clams, mussels, and raw meats contain 
a thiaminase and so may contribute to a deficiency. An 
uncommon inborn error of metabolism involving the 
enzyme transketolase may greatly potentiate the devel- 
opment of morphologic changes incident to thiamine — 
deficiency. 

PATHOGENESIS. The reasons why the nervous sys- 
tem and heart are the two major targets of thiamine 
deficiency are still poorly understood. Mention has 
already been made of a possible role for the vitamin in 
neural conduction, but this still does not explain the 
apparent toxic changes seen in the central nervous 
system in some cases of beriberi. It is known that 
pyruvic acid tends to accumulate in severe thiamine 
deficiency. One theory postulates that pyruvate is itself 
toxic and may damage neurons and nerve trunks. Alter- 
natively, nervous tissue is heavily dependent on carbo- 
hydrate for its energy requirements and so may suffer 
because of the important role of thiamine pyrophosphate 
in carbohydrate metabolism. These and other specula- 
tions are still highly tentative. Even more obscure is 


the basis for myocardial injury. 


MORPHOLOGY. 

Heart. The changes may be slight or absent, even in 
cases that are otherwise consistent with the diagnosis of 
cardiac beriberi. A particular problem has been that most 
well-studied cases have been alcoholics possibly suffering 
from the cardiac effects of alcohol (p. 597). In better defined 
examples of thiamine deficiency, particularly those of acute 
onset, the heart is characteristically dilated and flabby and 
may be somewhat paler than normal. The dilatation may 
affect all chambers or, at times, one side more than the 
other. No endocardial or valvular alterations are produced. 
Interstitial edema is the most consistent finding. Although 
microscopic changes such as fatty change and marked 
swelling of myocardial fibers have been described quite 
consistently in animal experiments, similar lesions in man 
are rare. The acute myocardial necrosis encountered in 
animals is rarely present in clinical cases. 

In man, gross and microscopic cardiac lesions in beriberi 
are not pathognomonic and are useful only in supporting the 
clinical diagnosis. The genesis of these cardiac changes is 
unclear. 

Nervous Tissues. Here again, there is a paucity of 
critical information. For the most part, the changes affect the 
motor and sensory peripheral nerves, the spinal cord, and 
the brain stem. In the peripheral nerves, there is fatty 
degeneration of the myelin sheaths. This usually begins in 
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the sciatic nerve and its branches but may ascend to involve 
the spinal cord and, in time, other peripheral nerves. In 
severe cases, the polyneuropathy frequently takes the form 
of an ascending symmetric peripheral neuropathy. In far- 
advanced deficiency states, degenerative changes involve 
not only the myelin sheath but also the axon process, which 
may become fragmented. Histologically, however, these 
peripheral cord and nerve lesions are not different from 
those found in other conditions such as diabetes, pernicious 
anemia, and pellagra. Moreover, it has been pointed out that 
many of the so-called cases of beriberi in which these lesions 
are present probably represent multivitamin deficiencies. 
Brain. Congestion and edema have been described as 
the result of a lack of thiamine. In the medulla and pons, 
cerebellum, and dorsal root ganglia, neuronal degenerative 
changes have been observed, such as chromatolysis and 
alterations in the size and staining characteristics of the 
nuclei. These changes may account for the Wernicke-Kor- 
sakoff syndrome (described later) encountered in alcohol- 
ics. In Wernicke’s syndrome the changes are found 
principally in the mamillary bodies, the related walls of 
the third ventricle, and the aqueduct and tegmentum of 
the medulla. In these areas, the ganglion cells have the 
degenerative changes already described and the vessels 
may show dilatation or rupture with focal and ring petechial 
hemorrhages. It has been observed that many patients with 
Wernicke’s syndrome have an abnormality in a thiamine- 
requiring transketolase, since the enzyme binds thiamine 
phyrophosphate less avidly than the normal transketolase.* 


CLINICAL MANIFESTATIONS. Beriberi may occur in a 
chronic or subacute form, usually dominated by involve- 
ment of the nervous system, or in an acute, virtually 
fulminating form, dominated by cardiovascular manifes- 
tations. But there is sometimes overlap, and one pattern 
may be superimposed on the other. Why only one or 
the other of these syndromes should appear in the 
individual patient is not understood, but the reason may 
relate to the severity and acuteness of onset of the 
deficiency state. 

The neurologic manifestations without cardiac de- 
compensation and peripheral edema constitute dry beri- 
beri. This syndrome is manifested by numbness and 
tingling of the legs, sensory disturbances of the affected 
parts, tenderness of the calf muscles, and atrophy and 
weakness of muscles of the extremities, with depression 
and loss of reflexes. All these findings relate to the 
previously described peripheral neuropathy of thiamine 
deficiency. Typically the changes are symmetric and 
affect the distal regions of limbs more severely than the 
proximal. Such neuropathy is most often encountered 
in malnourished chronic alcoholics, but it should be 
cautioned that identical clinical and anatomic changes 
may be caused by alcoholism alone. In a small minority 
of patients with a deficiency of this vitamin, usually but 
not exclusively chronic alcoholics, the central nervous 
system is affected, producing the Wernicke-Korsakoff 
syndrome.™ The Wernicke component is clinically char- 
acterized by paralysis or weakness of eye movements 
(ophthalmoplegia), ataxia of gait, and progressive mental 
deterioration; the Korsakoff component by amnesia, 
confabulation, and learning difficulties. The two condi- 
tions, however, are now thought to be only variable 


presentations of one disorder. Thus, symptoms usually 
begin with those relating to Wernicke’s encephalopathy, 
but in time may progress to the Korsakoff psychosis. 
Indeed, with thiamine administration, many or all of 
the features of Wernicke’s syndrome may improve only 
to be replaced by manifestations of Korsakoff's psychosis, 
which are refractory to therapy in most instances.™ 

The cardiovascular involvement of thiamine deft- 
ciency may lead to a so-called high cardiac output state 
related to peripheral vasodilatation, which in some cases 
is followed by myocardial failure and peripheral edema 
(wet beriberi).® The high-output state may precede the 
development of cardiac failure, and generally implies a 
less severe deficiency of the vitamin than is associated 
with frank myocardial decompensation. It is character- 
ized by peripheral vasodilatation with increased arterio- 
venous shunting of blood. As a consequence, the patient 
has ruddy, warm, dry skin, a decreased circulation time; 
and a normal to slightly increased venous pressure. The 
decrease in circulation time in association with a failing 
circulatory system is an uncommon clinical combination 
that should raise the suspicion of this deficiency state. 
With acute fulminant beriberi, biventricular failure en- 
sues, with all the findings anticipated in congestive 
heart failure (p. 548). The peripheral edema is usually 
striking, particularly in the lower extremities, but it 
may also affect the trunk, face, and body cavities. 

Anorexia, weight loss, and debility are often present 
in patients with vitamin B, deficiency. The clinical 
diagnosis can be confirmed by the erythrocyte transke- 
tolase assay mentioned earlier, by measurement of blood 
thiamine, and, most definitively, by the clinical response 
to thiamine administration. 

Toxicity. Although transient mild symptoms such 
as dizziness and flushing may be produced in certain 
individuals upon administration of thiamine hydrochlo- 
ride, massive doses have been given without untoward 
effects. 


Riboflavin 
[Deficiency state: Ariboflavinosis] 


Riboflavin is an essential cofactor in the oxidation- 
reduction reactions of the flavoprotein coenzymes flavin 
mononucleotide and flavin adenine dinucleotide. Thus, 
it is critical to the function of such enzymes as cyto- 
chrome-C_ reductase, succinate dehydrogenase, and 
monamine oxidase, to mention only a few. Riboflavin is 
widely distributed in both plant and animal foods, as 
riboflavin, riboflavin phosphate, or as a constituent of 
the flavoproteins. It is rapidly absorbed in the gastroin- 
testinal tract. As a constituent of all cells, it is stored 
throughout the body; in contrast to most members of 
the B complex, the stores of riboflavin are sufficient to 
prevent a deficiency state despite a negative balance for 
many months. Nonetheless, ariboflavinosis still occurs 
as a primary deficiency state among persons in econom- 
ically deprived and developing countries. Under such 
circumstances, it is frequently accompanied by deficien- 


cies of other vitamins and proteins. In industrialized 
nations, a deficiency is most likely to be encountered in 
alcoholics and in individuals with chronic infections, 
advanced cancer, or other debilitating diseases. Tran- 
sient mild deficiency states may occur during pregnancy 
and lactation, and during the rapid growth of adoles- 
cence, when there is increased requirement for the 
vitamin. 


MORPHOLOGY. Ariboflavinosis is associated with 
changes at the angles of the mouth (known as cheilosis 
or cheilitis), glossitis, and ocular and skin changes. In 
addition, some patients develop a normochromic, normocytic 
anemia caused by hypoplasia of the red cell precursors in 
the bone marrow. 

Cheilosis. Cheilosis or, as itis sometimes called, chei- 
litis is usually the first and most characteristic sign of this 
deficiency state. However, identical lesions are found in 
aged individuals with poor dentition who are not vitamin 
deficient. It begins as areas of pallor at the angles of the 
mouth, with first a hyperkeratosis of the epidermis and a 
dermal inflammatory infiltrate. Cracks or fissures may ap- 
pear, radiating from the corners of the mouth, and tending 
to become secondarily infected and macerated. In far-ad- 
vanced cases, the oral mucous membrane at the angles of 
the mouth and the vermilion border of the lips are similarly 
affected. 

Glossitis. The tongue may take on a magenta hue, 
strongly resembling the red-blue coloration of cyanosis. 
Presumably this alteration reflects atrophy of the mucosa of 
the tongue (Fig. 9-8). 

Ocular Lesions. The eye changes may be classified as 
superficial interstitial keratitis. In the earlier stages, the 
superficial layers of the cornea are invaded by capillaries. 
Interstitial inflammatory infiltration and exudation follow to 
produce opacities and even ulcerations of the corneal sur- 
face. The lesion usually affects both eyes, but in certain 
instances it may be unilateral. Conjunctivitis is a common 
accompaniment. 

Dermatitis. A greasy, scaling dermatitis occurs over the 
nasolabial folds and may extend into a butterfly distribution 
to involve the cheeks and skin about the ears. Scrotal and 
vulvar lesions are common. In well-defined cases, atrophy 
of the skin may develop. It should be emphasized that the 
histologic changes are not in themselves distinctive or path- 


Figure 9-8. The glazed, shiny, atrophic tongue of riboflavin defi- 
ciency. 
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Ognomonic of ariboflavinosis; it is their distribution that 
suggests the diagnosis. 

Bone Marrow. Erythroid hypoplasia is typically present, 
but is usually not marked. 


Vitamins 


None of the findings just described is specific for 
riboflavin deficiency, since similar lesions are encoun- 
tered with pyridoxine deficiency, for example, but in 
the aggregate they are highly suggestive. There is no 
clear understanding of why these specific target tissues 
are affected with the lack of a nutrient that has bodywide 
functions. Several reports indicate an important role for 
riboflavin in protein synthesis but it is not clear that a 
derangement in this process accounts for the lesions 
described, save possibly for the erythroid hypoplasia 
and anemia. 


Niacin 
[Deficiency state: Pellagra] 


Niacin is the generic term for nicotinic acid and its 
derivatives (e.g., nicotinamide) having the functional 
activity of nicotinic acid. Unlike the other B vitamins, 
niacin can be endogenously synthesized from dietary 
tryptophan. For this reason, the required dietary intake 
depends on the tryptophan content of the diet. Thus, 
pellagra is in most instances the result of a deficiency 
of both tryptophan and niacin in the diet. 

Niacin is a component of the two important coen- 
zymes nicotinamide adenine dinucleotide (NAD) and 
nicotinamide adenine dinucleotide phosphate (NADP), 
which are involved in a great variety of oxidation- 
reduction reactions, particularly in the electron trans- 
port of cellular respiratory reactions. It is widely dis- 
tributed in most foods and is particularly abundant in 
whole grain cereals, liver, beef, pork, fruit, and most 
vegetables. For a long time, it was somewhat of a 
mystery that pellagra was an endemic disease in corn- 
eating populations of Central and Southern America, 
the Mideast, and Africa. The niacin content of the maize, 
which is the dietary staple in these areas, is no lower 
than in some grains unassociated with endemic pellagra. 
Recent studies have shown that maize has a high leucine 
content that antagonizes the synthesis of NAD and 
NADP. Thus, pellagra is revealed as not only a defi- 
ciency disease, but also a disorder dependent on the 
specific amino acid content of the diet. Awareness of 
this problem, more adequate diets, and food supple- 
mentation have greatly reduced the incidence of en- 
demic pellagra. The disease is still encountered sporad- 
ically, however, principally among alcoholics (usually in 
combination with other vitamin deficiencies) and those 
suffering from chronic debilitating illnesses such as 
tuberculosis, cirrhosis of the liver, and cancer. It may 
also occur with protracted diarrheal states and diets 
grossly deficient in protein. Two uncommon disorders 
affecting tryptophan metabolism may be complicated by 
pellagra: (a) the carcinoid syndrome, in which most of 
the tryptophan is usurped by the neoplasm for the 


formation of serotonin; and (2) Hartnup disease, in 
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which several amino acids, including tryptophan, are 
poorly absorbed from the diet. 


MORPHOLOGY. The term pellagra, strictly speaking, 
refers to rough skin. The clinical syndrome, however, is 
classically identified by most clinicians as the three D’s— 
dermatitis, diarrhea, and dementia. 

The dermatitis occurs on the body symmetrically and, 
while it may affect any region, tends to be most severe in 
areas of exposure to chronic irritation or sunlight, such as 
the face, dorsa of the hands, wrists, elbows, and knees, and 
in the inframammary and perineal folds. The margins of 
these areas of involvement are usually sharply demarcated 
from normal skin, and this provides one of the more important 
features differentiating it from other types of dermatitis. The 
changes consist at first of redness and thickening of the skin 
with hyperkeratosis and scaling (Fig. 9-9). These early 
alterations are followed by increased vascularization and 
chronic inflammation with edema of the subepithelial dermal 
connective tissue, followed eventually by desquamation of 
the epidermis. Areas of depigmentation and increased pig- 
mentation may develop. At this stage a variegated dermatitis 
is present, with brown scaly areas alternating with areas of 
depigmented, shiny, atrophic skin. With chronicity, the skin 
may become markedly thickened by subcutaneous fibrosis 
and scarring. Lesions similar to these may occur in mucous 
membranes, particularly the oral cavity and vagina. In the 
mouth, the early stages are marked by vascular congestion 
and edema of the tongue, and later by atrophy of the mucous 
membrane and ulceration, so that the tongue becomes red, 
swollen, and beefy, a form of glossitis reminiscent of the 
black tongue found in animals. 

The diarrhea exhibited by patients with pellagra is 
presumed to be due largely to mucous membrane lesions 
that have anatomic changes similar to those in the skin. In 
experimental animals, the first histologic alterations repre- 
sent vascularization, edema, and inflammation of the sub- 
rnucosal connective tissue of the intestinal lining, which lead 
to atrophic mucosal glandular changes and eventual atrophy 
and ulceration of the overlying mucous membrane. These 
lesions may be found throughout all levels of the intestine 
but are most prominent in the esophagus, stomach, and 
colon. 

The dementia is based on degeneration of the ganglion 
cells of the brain, accompanied by degeneration of the tracts 
of the spinal cord. These spinal cord lesions bear a close 
resemblance to alterations in the posterior columns observed 
in pernicious anemia, and raise the question of whether a 
deficiency of another factor in the B complex, such as B,,, 


Figure 9-9. The sharply demarcated, characteristic scaling der- 


matitis of pellagra. 


may also be implicated. Macrocytic anemia may appear in 
some cases. 


Two of the most dominant complaints of these 
patients are persistent fatigability and weakness, which 
have been misinterpreted as malingering or neurosis. 
Although the skin manifestations eventually appear, 
they may at times be delayed until significant involve- 
ment of the intestinal tract or central nervous system 
has already developed. Other less prominent clinical 
features include abdominal pain, dysphagia, proctitis, 
and vaginitis. It is difficult to explain the precise con- 
stellation of clinicoanatomic findings in pellagra on the 
basis of the known widespread functions of niacin. 

Toxicity. The parenteral administration of niacin 
quite commonly produces transient peripheral vasodi- 
lation, burning sensations in the mouth, nausea, and 
abdominal cramps. Oral niacin does not produce these 
symptoms. No persistent ill effects have been described 
from the administration of doses well in excess of the 
therapeutic range. 


Vitamin B, (Pyridoxine) 


A primary, clinically overt deficiency of vitamin B, 
is rare in humans, but subclinical conditioned deficiency 
states, paradoxically, are thought to be quite common. 
Three naturally occurring substances (pyridoxine, pyri- 
doxal, and pyridoxamine) possess vitamin B, activity and 
are generically referred to as pyridoxine. AJ] are equally 
active metabolically and all are converted in the tissues 
to the coenzyme form, pyridoxal 5-phosphate. The 
coenzyme participates as cofactor for a large number of 
enzymes involved in transaminations, carboxylations, 
and deaminations involving lipids, amino acids, nucleic 
acid, and glycogen in the brain.® It is of particular 
importance in the metabolism of tryptophan, the trans- 
methylation of methionine, and the synthesis of delta- 
aminolevulinic acid (the heme precursor). Pyridoxal 
phosphate is also involved in stabilizing muscle phos- 
phorylase and, in some poorly understood fashion, in 
the transmission of neural impulses. 

The vitamin is abundantly available in the usual 
diet since it is widely present in virtually all foods, 
principally meats, liver, vegetables, and whole grains. 
It appears to be readily absorbed from dietary sources 
through pathways that are still unclear. However, food 
processing may destroy the pyridoxine, accounting for 
episodes of severe vitamin B, deficiency and convulsions 
in infants fed badly controlled dried milk preparations, 
which responded promptly to the administration of B,.™ 
The neurologic manifestations probably stem from com- 
plex interrelationships between pyridoxal-5-phosphate 
and the major brain neurotransmitters such as gamma- 
aminobutyric acid, which serves an inhibitory function. 
Normally there are substantial reserves of this vitamin 
in the body in association with muscle phosphorylase. 
In addition, the bacterial flora of the gut is able to 
synthesize vitamin B,, providing another, but limited, 
source of the nutrient. 


Primary deficiency states are very rare in adults, 
even in third-world countries; the requirement for this 
nutrient decreases with general malnutrition and with 
the lower levels of metabolic activity of aging. However, 
secondary hypovitaminosis B, may be precipitated by 
the increased requirement for the nutrient during preg- 
nancy and lactation, by hyperthyroidism, and with high- 
protein diets. During pregnancy there is a marked 
gradient in the distribution of pyridoxine in favor of the 
fetus, thus depleting the mother. Breast-feeding by such 
mothers may lead to a deficiency state in the infants. 
Alternatively, interference with pyridoxine metabolism 
in a variety of clinical circumstances may induce a 
conditioned deficiency. Acetaldehyde, a metabolite of 
ethanol, displaces pyridoxal phosphate from proteins 
and thus increases the degradation of the coenzyme. 
Estrogens, including those contained in oral contracep- 
tives, block the function of the coenzyme in tryptophan 
metabolism. Isoniazid, employed in the treatment of 
tuberculosis, combines with pyridoxal or pyridoxal phos- 
phate to metabolically inactivate the vitamin. Penicil- 
lamine also forms an inactive product with pyridoxal 
phosphate. 

The clinical manifestations of pyridoxine deficiency 
have been most clearly delineated in experimental sub- 
jects given the antagonist desoxypyridoxine, and include 
seborrheic dermatitis, cheilosis, glossitis, angular sto- 
matitis, peripheral neuropathy, and sometimes convul- 
sions. The anatomic changes underlying these findings 
are identical to those described with other members of 
the B complex. Infants born of vitamin-deficient mothers 
have suffered mental retardation. Rare cases of so-called 
hypochromic pyridoxine-responsive anemia have also 
been reported. 

It is not possible to clearly relate all the signs and 
symptoms cited above to the known metabolic functions 
of vitamin B,. However, the anemia probably relates to 
the role of this nutrient in the synthesis of the heme 
precursor delta-aminolevulinic acid. The neurologic se- 
quelae may relate to the role of pyridoxal phosphate in 
brain metabolism and in the synthesis of neurotrans- 
mitters, as mentioned earlier. However, there is no 
clear explanation for the skin and mucosal changes or 
their particular localizations. 

In closing, mention should be made of certain 
genetic disorders referred to as vitamin B, dependency 
syndromes.® In one, a familial form of infantile convul- 
sions and fatal brain damage, an apoenzyme for glutamic 
acid decarboxylase is defective in binding pyridoxal 
phosphate. Thus, there is decreased synthesis of the 
neurotransmitter gamma-aminobutyric acid. The py- 
ridoxine-responsive anemia mentioned earlier may rep- 
resent another genetic defect that requires increased 
levels of vitamin B, for heme synthesis. Patients with 
homocystinuria, which is due to a deficiency of cysta- 
thione synthetase, are improved by the administration 
of large doses of vitamin B,. The same can be said of 
patients with xanthurenic aciduria related to a deficiency 
of the pyridoxal phosphate-dependent enzyme kynuren- 
inase. Thus, it is clear that an inadequacy of B, involves 
more than merely a deficient diet. 
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Folic Acid 
[Deficiency state: Megaloblastic anemia] 


A deficiency of this nutrient induces a megaloblastic 
anemia, but it is important to note that a lack of vitamin 
B,. produces an identical hematologic picture. However, 
a deficiency of the latter also leads to neurologic damage, 
thus giving rise to the term “combined systems disease” 
(anemia and nervous system involvement). The distinc- 
tion, then, between the anemia of folate deficiency and 
that related to a lack of vitamin B,, assumes great clinical 
importance: failure to recognize a B,, deficiency anemia 
and consequent treatment of the patient with folates 
will result in hematologic improvement, but will not 
stem the progressive neurologic damage. 

Folic acid is the common name for pteroylmono- 
glutamic acid. The terms “folic acid” and “folates” are 
used generically for all derivatives of folic acid. Folates 
of exogenous origin are essential in humans for the 
transfer of 1-carbon units, such as methyl and formyl 
groups, to various organic compounds. Thus, folates 
serve as coenzymes in a wide variety of intracellular 
metabolic processes, discussed in the later consideration 
of the anemia of folate deficiency (p. 634). Largely in 
the form of polyglutamate conjugates, folates are abun- 
dant in virtually all raw foods, particularly vegetables 
and fruits. Intestinal conjugases are able to split the 
polyglutamates, yielding mono- and diglutamates that 
are readily absorbed in the proximal jejunum. Once 
absorbed, the folates are transported in the blood com- 
plexed to specific binding proteins. Some of the folate 
is excreted in the bile, but is reabsorbed in the gut, 
thus constituting an enterohepatic circulation. The re- 
serves of folate in the body, principally in the liver, are 
relatively modest, and a deficiency state in the form of 
a megaloblastic anemia may arise within months of the 
onset of a marked negative balance. 

A deficiency state may arise because of an inade- 
quate dietary intake or, less commonly, from inadequate 
absorption or an increased requirement.” Despite the 
abundance of folates in raw foods, cooking may deplete 
the content. Dietary polyglutamates (depending on the 
specific form) are very sensitive to heat, and steaming 
or frying of foods for five to ten minutes may cause loss 
of up to 95%. of the folate content. When coupled with 
a marginal diet, such as is encountered in many chronic 
alcoholics or in the very elderly living essentially on tea 
and toast, a deficiency state may well arise. 

Inadequate absorption may occur for a number of 
other reasons.”! Intestinal conjugases required for split- 
ting polyglutamates into absorbable mono- or digluta- 
mates may be rendered inactive either by inhibitors 
found in beans and other legumes or by simple lowering 
of the intestinal pH by acidic foods, such as orange 
juice. Moreover, there are suggestions that even the 
monoglutamates found in various foodstuffs vary in their 
absorbability. In addition, impaired folate absorption is 
encountered in gluten-sensitive enteropathy (celiac dis- 
ease), tropical sprue, and Crohn's disease, and after 
partial gastrectomy or gut resection.” An increased 
requirement may also produce a relative deficiency 
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state. This is particularly important during pregnancy 
and lactation, when the requirement may rise twofold.” 
An increased requirement is also encountered in any 
disorder associated with a high rate of cell division, such 
as occurs in the bone marrow in hemolytic anemias and 
in myeloproliferative disorders, or indeed during the 
very active growth phases of infancy and adolescence. 
Recently, folate deficiency has been implicated in so- 
called hyperalimentation-associated megaloblastic ane- 
mia in which the alcohol in the infusate is thought to 
increase the loss of folate in the bile. It should also be 
pointed out that, although they do not strictly speaking 
represent a deficiency state, many drugs are folate 
antagonists and thus may induce a megaloblastic anemia 
similar to that encountered in a primary deficiency. 
Indeed, one of these agents—methotrexate—is an effec- 
tive antineoplastic precisely because it interferes with 
folate metabolism in the synthesis of DNA.” In addition, 
some anticonvulsants (e.g., phenytoin, phenobarbital) 
and estrogens (including oral contraceptives) have also 
been implicated. 

Folate deficiency impairs purine, and thus DNA 
synthesis. As a consequence, rapidly dividing cells, such 
as red cell precursors in the bone marrow, suffer from 
retarded synthesis of DNA relative to the cytoplasm 
(asynchrony). Thus, the cells become large but cannot 
divide, and so become megaloblastic. The megaloblasts 
in turn produce abnormally large red cells (macrocytes). 
Moreover, the megaloblastic precursors in the bone 
marrow are extremely vulnerable to destruction, and so 
are ineffective in erythropoiesis. In addition, cellular 
asynchrony may be encountered in the rapidly dividing 
mucosal epithelium of the gastrointestinal tract, produc- 
ing large atypical cells, another feature of megaloblastic 
anemia. More is said about these changes and diagnostic 
tests in the later discussion (p. 635). 
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Vitamin B,, (Cobalamin) 


[Deficiency state: Megaloblastic anemia and neurologic 
damage] 


At the outset, some terminology should be clarified. 
A lack of vitamin B,,, which may arise for many reasons 
(discussed later), results in megaloblastic anemia. 
Among the reasons is a lack of gastric intrinsic factor 
(IF) required for absorption of the nutrient. The most 
common condition associated with a lack of IF is the 
megaloblastic anemia termed pernicious anemia, related 
to an autoimmune reaction against IF or its parietal cell 
sources. Thus, pernicious anemia is marked by a defi- 
ciency of vitamin B,,, but it is not correct to term all 
B,, deficiency megaloblastic states pernicious anemia. 

Vitamin B,,, or cobalamin, is a complex metallo- 
organic compound synthesized only by a variety of 
microorganisms, including some found in the intestinal 
flora of humans. Animals in the food chain acquire this 
nutrient from the microorganisms growing in soil, water, 
the intestines, and rumen. Thus, the chief dietary 
sources of vitamin B,, are animal meats and dairy 


products. Vegetables and fruits are totally lacking in 
this nutrient, save for their possible contamination by 
microorganisms or their products. Cyanocobalamin is 
the therapeutic, stable, synthetic form of the vitamin 
stabilized by linkage to cyanide. A deficiency of cobal- 
amin, whether primary or conditioned, leads to mega- 
loblastic anemia characterized not only by hematologic 
abnormalities and changes in the rapidly dividing mu- 
cosal cells of the gut, but also by damage to the nervous 
system. The combination is sometimes referred to as 
“combined systems disease.” The intestinal flora of 
humans does not provide sufficient vitamin B,, to satisfy 
the minimal daily requirement. The absorption and 
metabolism of vitamin B,, is included in the discussion 
of pernicious anemia (p. 631). It will suffice here to note 
that a lack of B,, inhibits DNA synthesis and concomi- 
tantly deranges lipid metabolism with the formation of 
abnormal fatty acids. Incorporation of these fatty acids 
into myelin may underlie the neurologic abnormalities 
of a vitamin B,, lack. 

Basis OF DEFICIENCY STATE. A primary deficiency 
state of vitamin B,, due to a dietary lack is very 
uncommon save among strict vegetarians who eat no 
animal products of any kind. In industrialized nations, 
a lack of vitamin B,, is for all practical purposes a 
conditioned deficiency state resulting from malabsorp- 
tion of cobalamin.” There are a great many causes of 
malabsorption, but the four most common are: (1) lack 
of intrinsic factor (IF), (2) chronic pancreatitis, (3) small 
intestine bacterial overgrowth, and (4) ileal disease. 

A lack of IF is the most common cause of cobalamin 
malabsorption. This is the fundamental defect respon- 
sible for pernicious anemia, but surgical removal of the 
parietal cell-containing region of the stomach is another 
possible mechanism. Rarely it is due to a genetic 
abnormality manifested as a defect in secretion of IF. 

Cobalamin malabsorption occurs in about 40% of 
adults with chronic pancreatitis, and in virtually all 
patients with pancreatic cystic fibrosis. Various hy- 
potheses have been offered, such as failure of the 
pancreas to neutralize by its alkaline secretions the 
gastric acidity, thus hampering absorption. Alterna- 
tively, failure of pancreatic proteases to release IF from 
gastric binding proteins may block the formation of IF- 
B,, complexes in the duodenum, necessary to prevent 
degradation of the vitamin in the jejunum. Other spec- 
ulations have also been offered. 

Bacterial overgrowth in the small intestine leads to 
a deficient absorption because the bacterial flora suc- 
cessfully competes for the uptake of the nutrient, or 
bacterial toxins interfere with absorption. Thus, vitamin 
B,. deficiency may occur in patients who undergo intes- 
tinal surgery with the formation of blind loops permit- 
ting bacterial overgrowth, or who have numerous di- 
verticula of the small intestine. 

Ileal disorders, such as Crohn’s disease, or ileal 
resections cause malabsorption by removal of the critical 
segment of bowel where IF-B,, complexes are absorbed. 
Celiac disease and tropical sprue cause B,, deficiency 
by altering the absorptive surface of the ileum. 


Other less common causes of malabsorption include 
achlorhydria, perhaps because the lack of acid-peptic 
function may inhibit the initial cleavage of animal pro- 
teins with the release of cobalamin, as well as marked 
gastric hyperacidity such as occurs in the Zollinger- 
Ellison syndrome (p. 987), since a low pH within the 
ileum is not favorable for mucosal cell uptake of B,,. 
Several drugs (including neomycin, colchicine, and para- 
aminosalicylic acid), ethanol, and vitamin C in mega- 
doses interfere with absorption. Indeed, it has been 
shown that when large doses of vitamin C are added to 
food, the amount of vitamin B,, that can be assayed in 
it drops significantly. Thus, the current fad for ingestion 
of large doses of vitamin C for control of respiratory 
infections may have highly undesirable side effects. 


MORPHOLOGY. Whatever its basis, the lack of B,, is 
manifested by a megaloblastic anemia, by alteration in the 
gastric mucosal cells (identical to those produced by folate 
deficiency), and notably by demyelination followed by axonal 
degeneration, and possibly neuronal death. Peripheral neu- 
ropathy and degeneration of the posterior and lateral spinal 
cord columns are the typical sites of involvement. Rarely, 
the cerebrum itself is involved.” More details about these 
morphologic changes are presented in the consideration of 
pernicious anemia (p. 631). 


Vitamin C 
[Deficiency state: Scurvy] 


Humans, and their even more long-suffering 
friends, guinea pigs, as well as other primates and some 
exotic flying mammals, have lost the capacity to synthe- 
size ascorbic acid (vitamin C). All other mammals, and 
even such lowly forms as amphibians and reptiles, have 
the talent to synthesize ascorbic acid from carbohydrate 
precursors.”’ Man lacks a single critical enzyme—L- 
gluconolactone oxidase—necessary for its biosynthesis. 
The enzyme may well have been lost through an evo- 
lutionary mutation, and so we are all “walking inborn 
errors of metabolism. ” | 

Basis OF DEFICIENCY STATE. Fortunately, vitamin 
C is richly abundant in many foodstuffs (fruits, vegeta- 
bles, liver, fish, and milk) and is quite resistant to most 
methods of food processing, so scurvy is uncommon in 
countries having adequate food supplies. A deficiency 
state does, however, appear sporadically even in well- 
nourished populations, particularly among infants in the 
first year of life whose artificial milk formulas are not 
fortified with vitamins, and in the very elderly, espe- 
cially those living alone on restricted diets. Scurvy is 
encountered endemically among the grossly malnour- 
ished poor of developing countries. Vitamin C is rapidly 
and readily absorbed in the small intestine, and only 
extensive mucosal disease hinders this process. Thus, 
conditioned deficiency states are uncommon. Even pro- 
longed periods of negative balance fail to produce scurvy 
since the vitamin is stored in many tissues and organs 
throughout the body, principally in the adrenal and 
pituitary glands. Other sites also have substantial re- 
serves, including the brain, liver, spleen, pancreas, 
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kidney, and heart muscle. For many reasons, then, 
vitamin C deficiency and scurvy are uncommon. 

PATHOGENESIS. The function of ascorbic acid and 
ascorbates in the body, which is most clearly estab- 
lished, involves the synthesis of collagen.” Specifically, 
ascorbate is required for: (1) activation of prolyl and 
lysyl hydroxylase from inactive precursors; (2) hydrox- 
ylation of proline and lysine residues in already synthe- 
sized collagen polypeptides; and (3) aggregation of hy- 
droxylated polypeptide chains into the triple helix of 
collagen, prior to its secretion from the cell. With a 
deficiency of ascorbate and failure of hydroxylation, 
there is incomplete intra- and intermolecular cross- 
linkage, yielding collagen fibrils that lack tensile 
strength, have increased solubility, and are more vul- 
nerable to enzymatic degradation.” Among the various 
types of collagen, that which has the highest content of 
hydroxyproline is most affected, namely the collagen in 
blood vessel adventitia and media and in basal laminae. 

Many other functions have been ascribed to ascor- 
bate, some without solid substantiating evidence. 
Among the better established are the following. Ascorbic 
acid is readily oxidized and reversibly reduced. It is 
first reduced to the free radical 3-monodehydroascor- 
bate, then converted to dehydroascorbate. The free 
radical is, however, a relatively nonreactive species. In 
its redox function, ascorbic acid may play a role in 
electron transfer in the cell.® It may also act to prevent 
oxidation of tetrahydrofolate to conserve an active folate 
pool. Ascorbic acid detoxifies histamine in guinea pigs, 
and may play a similar role in man; thus, a deficiency 
may possibly potentiate the development of capillary 
leakage and hemorrhage in scurvy.®! There is some 
evidence that, with depressed ascorbate levels, normal 
leukocyte function is deranged.*? Neutrophil and mac- 
rophage mobility and phagocytic activity have been 
reported to be depressed with hypovitaminosis C.* 
Ascorbic acid also appears to play a role in the metab- 
olism of iron, possibly by facilitating absorption or by 
maintaining the reduced state of stored iron. In any 
event, scorbutics sometimes develop an iron deficiency 
anemia. 

Almost all the clinical and anatomic features of 
scurvy can be derived from the above-described func- 
tions of ascorbic acid. The clinical features will be 
described first, followed by the major anatomic changes. 

CLINICAL MANIFESTATIONS. Scorbutic adults typi- 
cally manifest, for poorly understood reasons, hyperker- 
atotic papular perifollicular skin lesions. They also have 
a hemorrhagic diathesis and often develop a skin pur- 
pura, or sometimes ecchymoses (Fig. 9-10). Typically, 
these hemorrhagic lesions are located on the backs of 
the lower extremities. Hemorrhages may also occur into 
the muscles of the extremities, the joints, and sometimes 
the nailbeds (splinter hemorrhages) There is poor 
wound healing and dehiscence of recently healed 
wounds. The teeth may become loosened, accompanied 
by gingivitis and bleeding into the gingiva. 

Because the tissues and bones of children are in a 
state of active growth, infantile scurvy is more florid 
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Figure 9-10. The lower extremities of a patient with marked 
malnutrition, nutritional edema, and petechial hemorrhages related 
to low levels of vitamin C. 


than the adult form. As pointed out, the deficiency state 
is usually encountered in bottle-fed babies and first 
becomes manifest by a variety of vague changes, such 
as loss of appetite, listlessness, weight loss, irritability, 
and pallor. Soon more specific changes appear, similar 
to those described in adults. In addition, both endo- 
chondral and membranous bone formation are affected 
because of the collagen defect and its impact on the 
formation of osteoid. Subperiosteal hemorrhages and 
joint hemorrhages are particularly characteristic in 
infancy. Such skeletal hemorrhages tend to make the 
children lie quietly to spare unnecessary motion, with 
legs characteristically flexed onto the abdomen or in the 
frog position, relieving tension on the muscles, tendons, 
and fasciae. Children sometimes suffer subarachnoid or 
intracerebral hemorrhages, but these are fortunately 
infrequent. Both infants and adults are classically ane- 
mic. The cause of this anemia is still controversial. It 
may in part be related to numerous hemorrhages, but 
the alterations in iron metabolism mentioned earlier 
may contribute. 

The disturbances in wound healing and bone de- 
velopment are reasonably attributed to the impact of 
scurvy on collagen synthesis. Analogously, the predis- 
position to hemorrhage may stem from the lack of 
collagenous support of small vessels, but it may also 
reflect the loss of the detoxifying effect of ascorbate on 
histamine. As you recall, histamine is a powerful vaso- 
dilator, and with increased levels of this vasoactive 
substance, marked capillary dilatation with opening of 
interendothelial junctions may all predispose to rupture 
of small vessels, which are inevitably subject to the 
minor trauma of usual daily life. The loosening of the 
teeth would also reflect a loss of collagenous support. 


MORPHOLOGY. 

Wound Healing. The failure of formation of collagen is 
most evident in the repair of wounds. Histologically and 
ultrastructurally, fibroblasts are unaltered,” as is fibroblastic 
proliferation in the reparative phase of wound healing. How- 
ever, the granulation tissue differs from normal in that it 
contains an abundant amorphous, granular ground sub- 
stance deficient in collagen. Hemorrhages are prone to occur 
in such loosely supported fibrovascular tissue. In the same 


way, walling-off of infections is inadequate and abscesses 
are poorly delimited for long periods. 

Bone Formation. The formation of the protein-collagen 
osteoid matrix of bone is vital for normal bone development 
and growth. In scurvy, the primary deficiency is in the 
formation of osteoid matrix, not in the mineralization or 
calcification such as occurs in rickets. As a consequence, 
membranous bone growth and endochondral bone formation 
are severely disrupted. The total disorganization of the 
epiphyseal line of growth parallels that found in rickets. The 
palisade of cartilage cells is formed as usual and is provi- 
sionally calcified but, in the scorbutic state, the osteoblasts 
are incapable of forming bone matrix. Resorption of the 
cartilaginous matrix then fails or slows and, as a conse- 
quence, there is an overgrowth or persistence of cartilage 
with downgrowth of long spicules and projection of cartilag- 
inous masses and plates into the marrow shaft, producing a 
change quite similar to that seen in rickets (Fig. 9-11). The 
usual formation of new osteoid matrix on the degenerating 
spicules is absent, and the persistent cartilage becomes 
patchily or completely calcified. 

On microscopic inspection it becomes evident that the 
basic defect is in osteoid formation, not mineralization (Fig. 
9-12). Fibroblasts proliferate in this scorbutic zone and form 
a loose, disorganized connective tissue, but no collagen is 
formed. Thus, structural strength is markedly decreased, 
and the stress of weight-bearing or muscle tension may 
produce actual dislocation of the epiphysis. The soft, poorly 
formed bone is subject to compression and distortion, be- 
cause virtually all the stability of this area rests upon calcified, 
cartilaginous matrix, which is totally inadequate as a substi- 
tute for normal bone. The weakened capillaries in the area 
rupture easily, particularly when stress on the bone causes 
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Figure 9-11. A longitudinal section of a scorbutic costochondral 
junction with widening of the epiphyseal cartilage and projection of 
masses of cartilage into the adjacent bone. 
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to vascular disease (Fig. 9-13). Histologically, the vessels 
may appear to be entirely normal, for the alterations are 
beyond the range of microscopic visualization. 


THE MEGADOSE CONTROVERSY. In the past, the 
claim was made by the Nobel Laureate Linus Pauling 
that megadoses of ascorbic acid (up to 10 gm/day— 
recommended daily allowance 46 mg) taken prophylac- 
tically would prevent the common cold or abort it after 
the onset of infection.** A flurry of excitement followed 
with copious consumption of the vitamin. However, 
carefully controlled clinical studies have failed to dem- 
onstrate any significant benefit, save possibly for modest 
alleviation of the severity of the symptoms.™ 

More recently, Pauling and co-workers proposed 
that “increasing ascorbate intake could produce meas- 
urable benefits in both the prevention and the treatment 
of cancer.”®’ They proposed that ascorbic acid counters 
the invasiveness of cancers by favoring collagenous 
encapsulation, and might control or prevent tumors by 
enhancing immunocompetence, or possibly by antago- 
nizing known environmental carcinogens such as nitro- 
samines. Here again, the theory was put to test by 
controlled clinical studies, which failed to demonstrate 
any benefit to patients with advanced cancer.** Another 
more recent study proposes that vitamin C has a partic- 
ular toxicity for malignant melanoma cells in culture.” 
Such cells contain elevated copper concentrations and, 
in theory, ascorbate could interact with the copper ions 
to generate toxic free radicals. Although it is possible 
that large doses of vitamin C may be helpful with certain 
forms of malignant neoplasia, few believe that the 
vitamin is of benefit in the prevention or treatment of 


unusual tensions or fractures. Massive red blood cell extra- 
vasation may therefore occur in the epiphyseal area. The 
periosteum is loosely attached and extensive subper- ™°St if not all cancers. —— 
iosteal hematomas are common, as is bleeding into the The doubtful benefits of megadoses of vitamin C 
joints. At a later stage, blood pigment derived from such must be placed in the perspective of possible untoward 
hemorrhage is deposited within macrophages and fibroblasts effects. Ascorbic acid does not have high toxicity even 
in these areas. when taken in large doses, but a variety of harmful 
In the classic clinical case of infantile or childhood effects have been reported: predisposition to calcium 
scurvy, many of the skeletal deformities and alterations are oxalate and urate calculi, decreased availability of vita- 
due to the superimposed hemorrhages and fractures. IN min B,,, enhancement of metal toxicity, decreasing 


experimental animals, far less disorganization is observed. A nce ' ;' ‘ees 
Formation of Teeth. In experimental animals, striking tolerance to a rapid rise to high altitude, J aglaeevaames ot 
aspirin-induced mucosal ulcerations, interactions with 


changes occur in teeth. The clinical counterpart of these ; Ley: 
changes in infants and adults is less clearly defined and is rug metabolism, and the possibility of mutagenesis 
described in Chapter 17 (p. 770). Resorption of the alveolar 
bone causes the teeth to loosen, fall out, or become dis- 
placed out of line. 

Gingivitis. Swelling, hemorrhages, and secondary bac- 
terial infections of the gingival margins are common in 
severely scorbutic patients. The deficiency of vitamin C does 
not of itself cause the inflammation, but rather impairs the 
normal defensive responses of the mucous membranes. 
Thus, the massive gingival enlargement so characteristic of 
scurvy results from the combined effects of lack of vitamin 
C and nonspecific inflammation. 

Hemorrhagic Diathesis. Hemorrhages constitute one 
of the most striking clinical and anatomic manifestations of 
scurvy. The basis for, and usual localizations of, these 
hemorrhages have already been detailed. Hemorrhages into 
the gingivae may occur, but carefully controlled studies 


indicate that this extravasation is largely due to poor oral Figure 9-13. Scorbutic hemorrhagic sponginess of the interdental 
hygiene and areas of localized infection rather than solely gingival papillae. 
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from ascorbate metabolites. These untoward effects 
may not be life-threatening, but the question arises: Do 
the benefits outweigh the risks? 


NUTRITIONAL DISEASE 


MINERALS 


A number of minerals are no less essential for 
health than are the vitamins. Some, such as iron, 
calcium, and phosphorus, are required in large amounts. 
Others fall into the category of trace elements. Since 
calcium and phosphorus have already been considered 
in the discussion of vitamin D (p. 406), only iron and 
certain of the trace elements require further comment. 


lron 
[Deficiency state: Microcytic, hypochromic anemia] 


As a global cause of deficiency disease, iron is 
probably no less important a nutrient than protein. In 
the U.S., iron deficiency anemia related principally to 
inadequate intake is said to be present in 25% of infants, 
15 to 20% of menstruating women, and 30 to 40% of 
pregnant women. Less severe levels of iron lack, insuf- 
ficient to produce anemia, may be present in as many 
as 50% of all infants, menstruating women, and pregnant 
women. In contrast, only about 3% of adult males are 
similarly affected.” A lack of iron is virtually endemic 
in economically deprived populations and among those 
who, for religious or economic reasons, seldom eat meat. 
Hookworm infection (causing intestinal bleeding) con- 
tinues to be a major cause of iron deficiency where the 
parasite is prevalent. Iron deficiency anemia is consid- 
ered on page 635. Here we are concerned only with 
iron as a nutrient and the basis of a deficiency state. 

The total iron content of the body, ranging from 2 
gm in small women to 6 gm in large men, is an extremely 
closely guarded constant, regulated by restricting the 
amount absorbed to the relatively small fixed daily 
losses. About two-thirds of this total pool is found in 
hemoglobin, and somewhat less than one-third in stor- 
age iron as ferritin and hemosiderin (representing a 
mobilizable reserve), in various cells and tissues of the 
body. The remainder is present in myoglobin and iron- 
containing enzymes, and a very small amount in trans- 
port in the blood as transferrin. In the normal adult 
approximately 24 mg of iron is required daily for the 
production of red cells, 95% of which is derived from 
senescent erythrocytes and the remainder from the 
dietary intake or the reserve. 

The regular daily loss of iron in the normal adult is 
extremely small, averaging about 1 mg per day. Most 
of this loss occurs as a result of desquamation of cells 
from the skin, the mucosal lining of the gut, and the 
genitourinary systems. During the rapid growth periods 
of childhood and adolescence, the daily need for iron is 
about 1.5 mg per day. Women, during reproductive 
life, may lose as much as 20 mg during a single menstrual 
period and up to 700 to 800 mg during a normal 
pregnancy (creating an average daily loss of 2.5 mg). 


Thus, the normal daily iron requirement in normal adult 
males is of the order of 1 mg per day; for menstruating 
women, about 1.5 to 2 mg per day; and during preg- 
nancy, about 2.5 mg per day. During the reproductive 
years, therefore, young women run a far greater risk of 
iron deficiency than do males. These losses must be 
compensated for by the daily absorption of iron from 
the diet. 

The normal Western diet contains approximately 
10 to 20 mg of iron per day, only about 5 to 10% of 
which can be absorbed if iron balance is to be main- 
tained. The mechanism regulating iron absorption is 
discussed on page 636. Iron occurs in the diet in two 
basic forms. That contained in meat, fowl, and fish is 
heme iron; in this form the iron is readily absorbed by 
intestinal mucosal cells, mainly in the duodenum and 
upper jejunum, and is not affected by other components 
of the diet. Inorganjc iron found in fruits, vegetables, 
cereals, and eggs is largely trivalent iron, sometimes in 
the form of hydroxides complexed to proteins, amino 
acids, and organic acids. Such iron must be released 
from its complexes and reduced to the divalent state in 
the stomach and upper small intestine. The iron so 
released is chemically reactive and is bound to factors 
in the gastric juice, as well as amino acids liberated by 
proteolytic digestion of polypeptides, to form soluble, 
absorbable complexes. Ascorbic acid is yet another 
ligand that facilitates iron absorption by the formation 
of small complexes at the low pH levels of the stomach. 
Conversely, however, phosphate and phytates in the 
diet may form insoluble complexes with the iron derived 
from nonheme sources. An atrophic gastritis with sec- 
ondary achlorhydria or hypochlorhydria is frequently 
associated with iron deficiency, but for reasons that still 
are not clear (Fig. 9-14). On the one hand, the acid 
peptic environment of the stomach favors release and 
reduction of nonheme iron and the formation of absorb- 
able complexes. On the other hand, achlorhydria has 
been observed in individuals for years without the 
appearance of iron deficiency. Yet total or partial gas- 
trectomy may induce an iron deficiency state. There is 
much still to be learned. 

Basis OF DEFICIENCY STATE. The possible origins 
of an iron deficiency state can be categorized as: (1) 
inadequate diet, (2) impaired absorption, (3) increased 
requirements, or (4) excessive losses of blood. 

An inadequate diet is a very rare cause of iron 
deficiency in industrialized countries having abundant 
food supplies, but it is by no means infrequent in 
deprived populations of the third world. It is, however, 
still encountered in privileged societies as a sporadic 
problem among infants, since milk is a relatively poor 
source of iron, and among adults, particularly the very 
elderly, when food faddism or poor dentition leads to 
very restricted diets. Strict vegetarians who consume 
no meat, fowl, fish, or eggs are at risk, although the 
minimal daily requirements can be met by cereals 
(especially if fortified), fruits, and vegetables. 

Impaired absorption as encountered in sprue, other 
forms of intestinal steatorrhea, and chronic small bowel 
diarrhea may lead to a deficiency state even in the 
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Figure 9-14. Chronic atrophic gastritis with thinning of the gastric 
mucosa, atrophy of the glands, and an intense lymphocytic infiltra- 
tion of the lamina propria. 


absence of blood loss. The content of the diet, as is 
evident from the preceding discussion, may also affect 
absorption. 

Increased requirement is an important potential 
cause of iron deficiency. It has already been emphasized 
that growing infants and children, adolescents, and 
premenopausal (and particularly pregnant) women have 
a much greater requirement for iron than do adult men, 
which accounts for the prevalence data on iron defi- 
ciency cited earlier. 

Loss of blood from the body is the most important 
cause of iron deficiency. Bleeding within the tissues or 
cavities of the body may be followed by total recovery 
and recycling of the iron. External hemorrhage or blood 
loss, as may occur from the gastrointestinal, genitouri- 
nary, or respiratory tracts, is the major cause of iron 
loss. Particularly important are occult bleeding from the 
gastrointestinal tract (e.g., neoplasms, peptic ulcers, 
gastritis, and hookworm infections) and menorrhagia 
(excessive menstrual bleeding) or metrorrhagia (abnor- 
mal vaginal bleeding). 

In practical terms, an iron deficiency in adult males 
and postmenopausal women in the Western world 
should be considered to be caused by gastrointestinal 
blood loss until it is proved otherwise. To prematurely 
ascribe an iron lack in such individuals to any of the 
other possible origins is to run the risk of missing an 
occult gastrointestinal cancer or other bleeding lesion. 


Trace Elements 


Trace elements play critical roles in many vital 
homeostatic functions. Zinc, copper, manganese, and 
selenium, for example, are crucial components of a wide 
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variety of enzymes ranging from oxidases and dehydrog- 
enases to DNA and RNA polymerases. Other trace 
elements, such as iodine, are essential for the synthesis 
of thyroid hormone. Although 14 trace elements (pre- 
viously listed on page 399) are thought to be essential 
for humans, only within the relatively recent past have 
deficiency states of four—azinc, copper, selenium, and 
iodine—been clearly characterized. Undoubtedly defi- 
ciencies of other elements have occurred, but their 
delineation has proved difficult. 

A deficiency of a trace element may have the same 
origins as, say, a lack of a vitamin; however, three 
influences are particularly relevant. Total parenteral 
nutrition of patients, for whatever the reason, may well 
lead to a critical deficiency. Factors in the diet may 
interfere with absorption of trace elements, as was first 
noted among inhabitants of Egypt and Iran subsisting 
largely on unrefined cereals. Sufficient phytic acid and 
fiber were present in the diet to bind zinc and black 
absorption. Similarly, calcium or other divalent cations 
may interfere with absorption, presumably by compet- 
ing for receptor sites. Finally, an inborn error of metab- 
olism may lead to a deficiency syndrome of both zinc 
and copper. 

With these few general comments, the clinical effects 
of a lack of zinc, copper, and selenium will be described 
briefly. Iodine lack is discussed with the thyroid disor- 
ders (p. 1212). 

Zinc deficiency was first recognized among inhab- 
itants of Iran and Egypt because of their cereal grain 
diets, mentioned above.” With less restricted diets, a 
deficiency of zinc would be very unusual since the metal 
is reasonably abundant in meats, shellfish, fish, whole 
grain cereals, and legumes. Zinc is an essential compo- 
nent of more than 20 metalloenzymes including DNA 
and RNA polymerases, carbonic anhydrase, alcohol de- 
hydrogenase, and alkaline phosphatase. It has not been 
possible to neatly relate a particular clinical finding with 
impaired function of a specific enzyme or enzymes. 
With children and adults, the consequences of a chronic 
zinc deficiency are anemia and retarded growth and 
sexual maturation. In adults, retarded growth, poor 
wound healing, testicular atrophy with hypogonadism, 
anemia, and skin lesions have been attributed to zinc 
deficiency. Other changes, Jess certainly related, in- 
clude diarrhea, mental lethargy, and depression. The 
older beliefs that a zinc deficiency impaired wound 
healing and hepatic capacity to oxidize alcohol may well 
prove to be correct. Zinc deficiency must at least be 
suspected in any case of obscure retarded growth and 
sexual maturation. The diagnosis is relatively easily 
established by determining the zinc levels in plasma, 
serum, hair, urine, or red cells. Depressed levels of 
zinc-dependent enzymes are further suggestive of the 
diagnosis. Brief mention should also be made of a rare 
autosomal recessive disorder characterized by faulty 
intestinal zinc absorption, leading to a profound defi- 
ciency of the metal along with skin lesions (acroderma- 
titis enteropathica), alopecia, and diarrhea.*’ Oral zinc 
supplementation is promptly curative. 

Copper in appropriate amounts is critical to health, but 
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but an excess of copper in the body accounts for the 
genetic disorder known as Wilson’s disease (p. 932). 
Copper deficiency produces well-defined clinical 
changes, principally involving hematopoiesis, the cen- 
tral nervous system, and the maintenance of vascular 
and skeletal integrity. The element is an essential com- 
ponent of several metalloenzymes, most of which are 
oxidases. As noted in the discussion of Wilson’s disease, 
after absorption copper is transported to the liver where 
it is bound to an alpha-2-globulin to form ceruloplasmin. 
This nontoxic complex is released into the plasma, and 
in this form copper is circulated throughout the body. 
Ceruloplasmin is a ferroxidase and catalyzes the oxida- 
tion of ferrous to ferric iron to regulate heme synthesis. 
Thus, anemia and sometimes neutropenia are features 
of copper deficiency. The metal and its enzymes are 
also involved in myelin synthesis or maintenance; hence, 
impaired myelination is encountered in animals with a 
lack of copper. Copper is critical to the function of 
several enzymes within the central nervous system, 
including dopamine-beta-hydroxylase, involved in the 
synthesis of neurotransmitters. The copper metalloen- 
zvme—lysyl oxidase—is requisite for the formation of 
cross-linkages of elastin, hence the impairment of vas- 
cular integritv in deficient states. Analogously, the cross- 
linkages in collagen are deficient, impairing bone for- 
mation and maintenance. A number of other critical 
metalloenzymes such as cytochrome oxidase, lysine ox- 
idase, and cupro-zinc proteins function as superoxide 
dismutases, quenching highly reactive singlet oxygen 
radicals. To a considerable extent, the syndrome of 
human copper deficiency can be deduced from these 
metabolic functions; it comprises principally anemia, 
neutropenia and osteoporosis. In infants and children, 
depigmentation of hair, skin lesions, and various central 
nervous system abnormalities such as hypotonia and 
psychomotor retardation may also be present.” Such 
changes are most often encountered in five specific 
clinical settings: (1) prematurity; (2) generalized mal- 
nutrition and prolonged diarrhea in infancy; (3) persis- 
tent intestinal malabsorption; (4) infants or adults on 
long-term use of chelating agents; and (5) the rare X- 
linked recessive condition known as Menke’s kinky hair 
disease. The outstanding clinical feature of the last 
entity, as the name implies, is a strange steel-wool 
consistence to the hair, often accompanied by bone 
changes, abnormalities of the blood vessels, and pro- 
gressive neurologic deterioration, ending in death in 
infancy. The basis for this hereditary disorder appears 
to be some defect in the intestinal absorption of cop- 
per.” 
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Selenium deficiency has been incriminated over the 
past decade as a cause of a congestive cardiomyopathy 
(p. 596), mainly in children and young women living in 
selenium-deficient rural areas of China.* This cardiac 
disorder has been designated Keshan disease. In 1981 
an apparently identical cardiomyopathy was described 
in an occidental patient who had received nutritional 
support through intravenous feeding for two years, and 
also had malabsorption and gastrointestinal disease.” To 


date, cardiomyopathy has not been identified in other 
patients on parenteral alimentation, but skeletal myopa- 
thy has developed and was reversed by the administra- 
tion of selenomethionine. It is still not certain that 
selenium deficiency alone accounts for these clinical 
findings, since other deficiency states may have been 
present.” Nonetheless, selenium is a component of 
glutathione peroxidase, an enzyme that plays a major 
role in the scavenging of free oxygen radicals. Why the 
cardiac muscle or skeletal muscles should bear the brunt 
of a lack of this enzyme is not clear, and the existence 
and importance of a specific deficiency of selenium 
awaits further clarification. 


NUTRITIONAL EXCESSES AND 
IMBALANCES 


The well-defined nutritional diseases discussed thus 
far all stem from dietary deficiencies. However, over- 
nutrition and dietary imbalances also may lead to dis- 
eases such as obesity, and possibly some forms of cancer. 
The latter relationship is currently a matter of great 
concern. Both subjects are discussed in the following 
sections. 


Obesity 


Few subjects are more talked about, are less often 
corrected, and have supported more authors (of diet 
books) than obesity. Indeed, obesity has assumed near- 
epidemic proportions in many Western countries, par- 
ticularly in the United States. It is the result of the 
intake of calories in excess of utilization, in essence the 
storage of unneeded energy in fat cells. Viewed in this 
way, obesity could have had evolutionary benefits per- 
mitting survival over periods of food deprivation. Re- 
grettably the world is now divided into “haves,” con- 
stantly surrounded by an excess of food and often obese, 
and the “have nots,” largely in third-world countries, 
who die by the thousands from starvation. 

The definition of obesity and how it is best deter- 
mined are both very controversial. For our purposes, 
obesity is generally gauged by body weight relative to 
height when compared with norm standards (categorized 
by sex, age, and approximate body frame). On this basis, 
obesity is defined as a body weight 20% or more above 
the norm. By these standards, it is estimated that about 
20% of middle-aged males and 40% of middle-aged 
females in the United States are obese. Dissatisfactions 
with the norm standards (e.g., they have recently been 
revised upward) have led to an alternative definition— 
the ideal weight for an individual represents his or her 
weight at the age of 25 years. Here again, loss in muscle 
and skeletal mass that occurs with aging could well mask 
the accumulation of a good deal of adipose tissue. Thus, 
some prefer to compare the amount of subcutaneous fat 
as measured by the thickness of skin folds (convention- 
ally in the triceps and subscapular areas) with norm 
standards. There are, then, difficulties with the clinical 


determination of obesity, particularly when it is not 
marked. It would be much easier and far more satisfying 
to define it as “any individual who is as fat as you are 
whom you do not like.” 

We come now to another vexed issue—does obesity 
predispose to excess morbidity and mortality? On the 
one hand, obesity has been referred to as “adiposity in 
excess of that consistent with good health.”®’ Indeed, 
life insurance studies propose that being overweight 
imposes a significant excess mortality as follows: 


Excess Mortality* 


Men Women 
10% overweight 13% 9% 
20% overweight 25% 21% 
30% overweight 42% 30% 


On the other hand, it is pointed out that weight reduc- 
tion is only rarely of benefit in the treatment of most 
diseases.** Another analysis also contends that there is 
no strong evidence that obesity shortens survival.” As 
is so frequently the case, the truth probably lies some- 
where in the middle. Although mild obesity may not be 
harmful (except to the ego), marked obesity must be 
considered a health hazard and a predisposition to a 
number of clinical disorders, some of great importance. 

Hypertension is unmistakably correlated with obe- 
sity.'° In the long-term Framingham study, the risk of 
developing hypertension among previously normoten- 
sive individuals was proportional to the degree of over- 
weight. In those 20% overweight, the risk was eight 
times greater than among those 10% underweight, and 
the likelihood of developing subsequent hypertensive 
cardiovascular disease was ten times greater.'°? Numer- 
ous hypotheses have been offered in explanation of the 
development of high blood pressure with obesity, but 
all are highly speculative. 

Adult onset (non-insulin-dependent) diabetes is 
strongly associated with obesity. Over 80% of patients 
with this disorder are more than 20% overweight. 
Indeed, the diabetes is often unmasked by the accu- 
mulation of excess fat and often reverts to a subclinical 
state with weight loss. Obesity appears to produce 
insulin resistance in the peripheral tissues by: (1) re- 
ducing the number of cell membrane insulin receptors 
and (2) inducing some intracellular abnormality in glu- 
cose metabolism distal to the receptor mechanism. More 
details can be found on page 979. 

Adiposity clearly predisposes to hyperlipoprotei- 
nemia. The association is relatively weak with the low- 
density lipoproteins (LDL) carrying most of the choles- 
terol in the blood, but strong with the very-low-density 
lipoproteins (VLDL) containing most of the circulating 
triglycerides. Thus, obesity predisposes to types IIB 
and IV hyperlipoproteinemia, the former often referred 
to as “overindulgence hyperlipoproteinemia.” With in- 


*Drawn from Build and Blood Pressure Study: Overweight: Its 
Significance and Prevention. 1959 Society of Actuaries, data from 
Metropolitan Life Insurance Company. 
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creasing stores of adipose tissue there is increased 
hepatic synthesis of VLDL, and in addition increased 
mobilization of fatty acids, providing the substrate for 
increased hepatic triglyceride synthesis. However, as 
discussed on page 513, LDL is ultimately derived from 
both VLDL and high-density lipoproteins (HDL). 
Through this indirect pathway, obesity has some effect 
on blood LDL levels, which are thought to play a major 
role in atherogenesis. 

Cholelithiasis (gallstones) is six times more frequent 
in obese than in lean subjects. The mechanism is mainly 
an increase in total body cholesterol, increased choles- 
terol turnover, and augmented biliary excretion of cho- 
lesterol in the bile, leading to supersaturation and the 
formation of gallstones. 

Hypoventilation syndrome refers to a constellation 
of respiratory abnormalities encountered in the very 
obese. It has been called pickwickian syndrome after 
the fat lad who was constantly falling asleep in Dickens’ 
“Pickwick Papers.” Hypersomnolence both at night and 
during the day is characteristic and is often associated 
with apneic pauses during sleep, polycythemia, and 
eventual right-sided heart failure. The complete expla- 
nation of the hypoventilation syndrome is complex, but 
is, at least in part, attributable to the increased burden 
on chest wall movement imposed by the subcutaneous 
fat. 29 

The literature is replete with contradictions about 
the association of all levels of adiposity with ischemic 
heart disease, with particular reference to angina pec- 
toris, myocardial infarction, and sudden coronary death. 
Clearly, obesity is associated with hypertension, diabe- 
tes mellitus, and certain forms of hyperlipoproteinemia 
that predispose to atherosclerosis and coronary artery 
disease. However, these associations are strongest with 
marked obesity. Thus, Keys states: “. . . the idea has 
been greatly oversold that the risk of dying prematurely 
or having a heart attack is directly related to the relative 
body weight. For middle-aged men, the best prospect 
for avoiding death in 10 or 15 years is to be about 
average or a bit over in relative weight. The risk rises 
somewhat with departure in either direction from the 
happy middle ground, but risk increases substantially 
only at the extremes of under- and overweight.” A 
subsequent analysis supported this view. In a series of 
women there was only a weak association between 
myocardial infarction or angina pectoris and moderate 
obesity, but a well-defined increased frequency of these 
forms of ischemic heart disease with marked obesity.'“ 
However, other studies implicate even less extreme 
obesity and propose that weighing more or less than the 
average carries with it an increased mortality.!° We 
must leave it that even when other potentially confound- 
ing variables have been rigorously excluded, marked 
obesity and possibly lesser degrees constitute a definite 
predisposition to ischemic heart disease, especially to 
angina pectoris and sudden coronary death, and indi- 
rectly to myocardial infarction. 

Stroke and obesity is another area in which the 
literature is filled with opposing viewpoints. One study 
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contended that men who were overweight at 20 years 
of age and then gained 30 or more pounds thereafter 
had a twofold increase in the incidence of stroke.'™ 
Others deny any relationship and maintain that it is not 
the obesity per se, but the related hypertension. 

Equally contentious is the relationship between 
adiposity and cancer, particularly cancers arising in the 
endometrium and breast. Here the problem is compli- 
cated by the role of particular foods, such as animal fats, 
which may have been consumed in excess in the pro- 
duction of obesity. This subject is explored in the 
following section on diet and cancer. 

More clear-cut is the predisposing influence of 
marked adiposity on the development of degenerative 
joint disease (osteoarthritis). This form of arthritis, 
which typically appears in older individuals, is attributed 
in large part to the cumulative effects of wear and tear. 
It is reasonable to assert that the greater the body 
burden of fat, the greater is the trauma to joints with 
decades of use. We may conclude by saying that obesity 
clearly contributes to some conditions, notably hyper- 
tension, diabetes mellitus, hyperlipoproteinemia, gall- 
stone formation, hypoventilation syndrome, and _ os- 
teoarthritis, but the magnitude of its influence as an 
independent variable on such important conditions as 
ischemic heart disease and stroke still requires clarifi- 
cation. 


Diet and Cancer 


There is great concern today in governmental, 
scientific, and lay circles about the possibility that what 
we eat or fail to eat contributes to the causation of 
cancer. The fears are that overnutrition and obesity may 
in some way predispose to cancers,'°’ or more specifi- 
cally that the diet may contain carcinogens, cocarcino- 
gens, or tumor promoters, or may possibly lack some 
protective ingredient.' The grounds for this concern 
are as follows. It is frequently contended that 80 to 90% 
of cancers in the United States and other industrialized 
nations can be attributed to life style (including diet) 
and environmental influences.!° This estimate is based 
on the theory that the lowest rate of occurrence of any 
form of cancer in any country around the world repre- 
sents the “natural” or baseline rate. Any increased 
frequency of the specific form of neoplasia in any other 
locale must, then, be the result of personal and envi- 
ronmental influences. While there are many potentially 
carcinogenic influences prevalent in the environment, 
epidemiologic studies, attempting to control for the 
many variables, point to diet as a major factor. Support 
for this view comes from various sources. Actuarial 
records show an excess mortality from cancer of 16% 
for men and 13% for women, respectively, who are 20% 
or more above ideal weight. Cancer of the stomach is 
about five times more frequent in Japan than in the 
United States, whereas the reverse holds true for cancer 
of the colon. Japanese families that migrate to the United 
States begin to acquire an incidence rate for both forms 
of cancer approximating that of their new home. Over 


the span of generations, the incidence rates come ever 
closer to those prevailing in the native-born population 
of the United States.'!° Although there are obvious 
environmental differences between the two countries, 
both are highly industrialized and have comparable air 
pollution and cigarette smoking practices; thus, the diet 
is suspected. Even more convincing is the laboratory 
evidence from animals. Restriction of dietary intake 
lowers the spontaneous incidence of cancers in a variety 
of animals, and also reduces the incidence and progres- 
sion of experimentally induced neoplasms.""! 

Three aspects of diet have evoked concern: (1) its 
possible content of exogenous carcinogens; (2) the po- 
tential that carcinogens might be endogenously synthe- 
sized from dietary components; and (3) a possible lack 
of protective factors.''* ''° Relative to exogenous carcin- 
ogens, it was pointed out in Chapter 6 (p. 248) that 
some naturally occurring carcinogens may be present in 
the diet, e.g., aflatoxins. The high incidence of hepa- 
tocarcinoma in Africa may be attributable to contami- 
nation of grains and ground nuts by aflatoxin B, resulting 
from the growth of Aspergillus flavus. Aromatic poly- 
cyclic hydrogens could be produced in the broiling and 
smoking of meats and fish (p. 238). Of great current 
interest is the controversy about the dangers of the 
artificial sweeteners saccharin and cyclamates, men- 
tioned on page 239. It is sufficient to say that, despite 
earlier alarm, more recent rigorously controlled analyses 
have failed to reveal any significant increase in the 
frequency of bladder cancer among users of artificial 
sweeteners.!'*'!” However, a very weak oncogenic ef- 
fect, which might be potentiated by concurrent exposure 
to more clearly established carcinogens, has not been 
ruled out. In experimental animals the long-term admin- 
istration of saccharin or cyclamate following a small dose 
of a well-defined carcinogen evokes bladder cancer. In 
this setting the artificial sweeteners appear to act as 
promoters, since alone they are without effect.''* Thus, 
although saccharin and cyclamates are probably not 
significant initiators of cancer, the possibility that they 
might enhance the action of concurrent carcinogenic 
influences dictates the need for caution in their use, 
particularly during pregnancy and in the young with 
long years of potential exposure ahead of them. 

Concern about the endogenous synthesis of carcin- 
ogens or promoters from components of the diet relates 
principally to gastric, mammary, and endometrial car- 
cinomas. With gastric carcinoma, nitrosamines and ni- 
trosamides are in the spotlight. These compounds could 
be formed in the body from nitrites and amines or 
amides derived from digested proteins. !'® Sodium nitrite 
is added as a flavor and color preservative to foods such 
as processed meats, which cannot be heated sufficiently 
to destroy botulinal spores. Sodium nitrite is also pres- 
ent in some common vegetables. Nitrates are abundant 
in the soil and water and can be reduced to nitrites by 
bacterial action in the gut. There is, then, the potential 
for the endogenous production of carcinogenic agents 
from dietary components, which might well have an 
effect on the stomach exposed to the highest concentra- 
tions. 


With carcinoma of the breast in postmenopausal 
women, and endometrial carcinoma, epidemiologic 
studies implicate diets high in animal meats and fats, 
and overnutrition (obesity).'”° '?! There is no shortage 
of theories to explain these associations. Dietary fat 
might serve as a vehicle for liposoluble carcinogens, 
cocarcinogens, or promoters. Alternatively, increased 
synthesis of estrogens might be involved. As detailed 
on page 446, estrogens are strongly implicated (probably 
as promoters) in the development of endometrial carci- 
noma (p. 1138) and are suspect with regard to breast 
cancer (p. 1179). A high fat intake might increase the 
plasma cholesterol level, which serves as a substrate for 
estrogen and, to a lesser extent, androgen synthesis. 
Estrogen metabolism might be altered in obese individ- 
uals with increased synthesis of the potentially more 
dangerous estrone (estradiol) and decreased synthesis 
of “antiestrogenic’ 2-hydroxyestrone. Concomitantly, 
there might be increased conversion of androstenedione 
(of adrenal origin) to estrone in the mammary and 
peripheral fat depots. Indeed, the normal fat stores in 
the breast would increase local tissue levels. These 
hypothecations have been buttressed by animal studies 
showing an increased incidence of carcinogen-induced 
breast cancers when the fat level in the diet is raised.!” 
Seductive as all these observations may be, uncertainties 
persist. There are reports denying any effect of obesity 
on the incidence of breast cancer.'!~ Other studies 
contend that the amount of vegetable fats or dairy 
products in the diet correlate better with the incidence 
of breast carcinoma than do animal fats.’ 1° More 
claims and counterclaims might be cited, but suffice to 
say that the role of nutritional influences in the induction 
of postmenopausal breast cancer and endometrial cancer 
is still uncertain but “suspicioid.’'° 

Low fiber and a high animal fat intake have been 
implicated in the causation of colonic cancer.'?” The 
most convincing attempt to explain these associations is 
the following. A high animal fat diet might have two 
effects. The high fat intake would increase the level of 
bile acids in the gut, which in turn would modify the 
intestinal flora, favoring the growth of microaerophilic 
bacteroides. It is then proposed that either the bile 
acids themselves, or metabolites of the bile acids pro- 
duced by the bacteroides, might serve as carcinogens 
or promoters.! Furthermore, a low fiber content in 
the diet would decrease stool bulk and slow transit time, 
thereby exposing the mucosa to the putative offenders 
longer. Alternatively, certain types of fiber might bind 
carcinogens and thereby protect the mucosa. Reduction 
in stool bulk would also lessen the dilution of offending 
products. Unfortunately, attempts to document these 
theories in patients and experimental animals have on 
the whole led to contradictory results.! °° A recent 
prospective study in men further confounds the issue. 
Although it could not provide statistically significant 
data on colorectal cancer, it indicated a significant 
reduction in total cancer mortality among individuals 
on high fiber intake, related largely to apparent protec- 
tion against lung carcinoma.'*! This surprising finding, 
if confirmed, casts serious doubts about the notion that 
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high fiber intake protects against colorectal cancer by 
local actions within the gut. Confusion reigns supreme. 

It is obvious that the nutrition—cancer story is still 
unfolding. Many additional pieces of it might be men- 
tioned, e.g., the possible protective roles of vitamins A 
and C, and the tenuous evidence linking other forms of 
cancer such as those of the esophagus, prostate, and 
ovary to nutritional influences. For the present, how- 
ever, we must leave it that, while there are reasons for 
suspecting nutritional influences in the development of 
at least certain forms of cancer, definitive proof is still 


lacking. 
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ENVIRONMENTAL PATHOLOGY 


Air Pollution: Pheumoconioses 
Coal workers’ pneumoconiosis (CWP}— 


progressive massive fibrosis (PMF) Ethyl qicohol 


Silicosis Methyl alcohol 
Asbestosis and asbestos-related lesions Carbon monoxide 
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Other dust diseases 
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Chemical and Drug Injury 
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reactions Cyanide 
Analgesics Mercury 
Barbiturates Lead 


The statement that man has misused and abused 
his environment is by now a weary cliché. However, 
the gravity of the deterioration is not widely appreci- 
ated. A few of the opening remarks of The Global 2000 
Report to the President of the United States provide a 
perspective: “If present trends continue, the world in 
2000 will be more crowded, more polluted, less stable 
ecologically, and more vulnerable to disruption than the 
world we live in now. Serious stresses involving popu- 
lation, resources, and environment are clearly visible 
ahead.”! The number, complexity, and magnitude of 
the looming problems boggle the mind. For example, 
if present trends continue, the world’s population will 
grow from 4 billion in 1975 to 10 billion by 2030 and 
will approach 30 billion by the end of the 21st century, 
closely approximating estimates of the maximal carrying 
capacity of our planet. We are fast running out of forests, 
arable land, and potable water. Although the resources 
of such fuels as coal, oil, gas, and uranium may be 
sufficient, theoretically, for centuries, they will inevit- 
ably be monopolized by industrialized countries—at a 
price—leaving over half of humanity in desperate need. 
The concentrations of carbon dioxide and ozone-deplet- 
ing chemicals in the atmosphere are clearly on the rise 
and will have momentous impact. Solar radiation is 
readily transmitted through the atmosphere, but the 
heat radiated by the earth is at least partially trapped 
by the mantle of CO,. Thus, atmospheric CO, exerts a 
“greenhouse effect. Doubling the level of atmospheric 
CO,, which could occur in the next century with the 
present rate of fossil fuel combustion, would raise the 
global temperature 2° to 3°C. The temperature shift 
would not only profoundly affect the ecology of all living 
things, but also might melt the polar ice caps enough 
to raise the worldwide sea level as much as 5 meters 
and possibly force abandonment of coastal cities. The 
normal ozone layer of the atmosphere serves as an 
ultraviolet filter. Depletion of the ozone shield would 
expose all living matter to potentially lethal or mutagenic 
levels of solar radiation and increase the frequency of 
skin cancers in humans. The doleful litany could be 
extended, but it will suffice to say that no longer can 
we complacently assume “there will always be a tomor- 
row without taking measures to ensure it. 

Environmental factors also contribute to most of 
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Estrogens and oral contraceptives (OCs) 
Nontherapeutic agents 


Chloroform and carbon tetrachloride 


Polychlorinated bipheny!s (PCBs) 
Mushroom poisoning 


Arsenic 
Drug addiction 
Industrial carcinogens 
Physical Injuries 

Mechanical violence 

Changes in temperature 
Abnormally low temperatures 
Thermal burns 

Changes in atmospheric pressure 
Blast injury 

Electrical injuries 

Radiation injury 

Nonionizing radiation 


the afflictions of mankind. The term “environmental 
disease’ applies ultimately to every disease not strictly 
inherent in the genes. The disorders included within 
this designation range from global probiems, such as 
starvation, to self-imposed disorders, such as broncho- 
genic carcinoma related to smoking. In this chapter we 
can deal only with the disorders caused by air pollution 
and chemical (including drugs) and physical agents. Such 
diseases collectively account for only a small fraction of 
environment-connected morbidity and mortality, but 
have a disproportionate importance because they could 
be prevented. 


AIR POLLUTION: PNEUMOCONIOSES 


One of the dubious by-products of “civilization” is 
air pollution. The atmospheric levels of ozone, NO,, 
CO, SO,, and total suspended particulates are currently 
monitored in the United States. As judged by these 
criteria, the overall air quality in the United States is 
said to be improving.” Nonetheless, “unhealthful” levels 
of pollutants are recorded on occasional days in many 
urban areas. New York and Los Angeles, representing 
8% of the total population of the United States, were 
found “not to enjoy” excessive levels of pollutants, 
principally carbon monoxide, more than two-thirds of 
the year. Urban air has also been found to contain 100- 
to 10,000-fold the rural levels of lead, zinc, arsenic, 
cadmium, cobalt, chromium, carbon, silicon, and benzo 
[a]pyrene, to mention only a few of the airborne “em- 
bellishments.”* Aerosolized lead is of particular interest. 
Less than two decades ago, more than 200,000 tons of 
lead per year were discharged in motor exhaust in the 
United States. The increasing use of lead-free gasoline 
has reduced this contamination. Now there is serious 
doubt about the catalytic devices employed to reduce 
the emission of oxides of nitrogen. Particulates gener- 
ated by these catalysts contain copper, chrome, nickel, 
platinum, aluminum oxide, barium, and other metals. 
Are we jumping out of the frying pan into the fire? 
However, the dangers imposed by these contaminants 
are dwarfed by the hazards inherent in smoking, partic- 
ularly cigarette smoking. Each of these forms of air 
pollution compounds the effects of the others. 


Air pollution in general, and cigarette smoking in 
particular, contribute to the causation and aggravation 
of lung diseases such as chronic bronchitis and emphy- 
sema (collectively referred to as chronic obstructive 
pulmonary disease, p. 717). They also play a role in 
worsening upper respiratory infections and asthma. Col- 
lectively, such pulmonary diseases now cause more 
morbidity and mortality than cancer of the lungs, despite 
the rising incidence of this form of neoplasia. It has 
been difficult, however, to identify the specific untoward 
pulmonary effects of each of the pollutants found in the 
atmosphere. Many are inspired at the same time; the 
level of each continuously varies and the combined or 
sequential effects of several agents may be quite differ- 
ent from those of one agent alone.* © Adding to the 
problem are pulmonary hypersensitivity reactions. The 
hazards of cigarette smoking go well beyond the lungs 
and so will be considered separately. First, the pulmo- 
nary disorders associated with certain general airborne 
chemical and physical agents will be detailed. A more 
complete listing is presented in Table 10-1. 

The pneumoconioses are directly related to air 
pollution. The term “pneumoconiosis” refers to the 
presence of dust in the lung and the lung's reaction to 
it. Currently it applies to any aerosol, whether partic- 
ulate or in the form of fumes or vapors. The most 
important pneumoconioses, all having the potential of 
progressing to irreversible nodular or diffuse collageni- 
zation of the lungs, are: (1) coal workers’ pneumocon- 
iosis, (2) silicosis, (3) asbestosis, and (4) berylliosis. There 
are, in addition, many other less common and less 
important noncollagenous pneumoconioses produced by 
the inhalation of less irritating dusts: siderosis (iron 
dust), stannosis (tin dust), and baritosis (barium dust). 
The specific lesions caused by the more widespread 
dusts are presented in succeeding sections; however, 
certain pathogenetic generalizations apply to all. 

The development of a pneumoconiosis is critically 
dependent on: (1) the amount of dust retained in the 
lung and airways, (2) the size and shape of the particles, 
and (3) their solubility and cytotoxicity. 

The amount of dust retained depends on three 
variables—its concentration in the ambient air, the 
duration of the exposure, and the effectiveness of clear- 
ance mechanisms. Over 80% of larger particles (6 w in 
diameter or greater) are either filtered out in the 
vibrissae of the nares or, after impaction on the linings 
of nasal passageways or larger airways, are removed 
within hours by mucociliary clearance mechanisms. 
Extremely small particles under 0.5 w in diameter may 
remain suspended in the air and be exhaled. The most 
dangerous particles range from 1 to 5 wp in diameter; 
these penetrate to the respiratory bronchioles and air 
spaces, where they impact or settle. There are excep- 
tions to these generalizations. Asbestos fibers, some- 
times up to 100 wp in length, may remain suspended in 
the moving air columns to penetrate into the respiratory 
bronchioles and alveoli. Their low density relative to 
their size produces buoyancy, or what is referred to as 
a slow falling rate. However, even particles that reach 
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the distal components of the lung may be removed by 
phagocytic macrophages. It is important to note in this 
connection that cigarette smoking, alcoholism, and hy- 
persensitivity reactions significantly impair the clearance 
effectiveness of macrophages and so may contribute to 
the development of a dust-caused pneumoconiosis.’ The 
epithelial cells that line large and small airways, and 
those in the alveoli, have also been shown to engulf 
particles, but the role that these cells play in the 
clearance of the lung is still under investigation.* Thus, 
exposure-load is important only insofar as it exceeds 
clearance mechanisms. 

The size and shape of particles determine to a 
considerable extent the location and nature of the pri- 
mary damage. Larger particles tend to be deposited 
within the airways, principally the respiratory bron- 
chioles. These narrow passages offer the greatest impe- 
dance to air flow and, by slowing the air stream, permit 
larger, heavier particles to settle and impact before they 
reach the alveoli. Thus, the larger the particle, the more 
proximal the deposition. Smaller particles in the range 
of 2 p or less in size are likely to cause damage primarily 
within the alveoli.** Much of this understanding of the 
localization of lesions is owed to the present use of 
whole-lung thin (Gough) sections. These allow an overall 
view of the precise distribution of lesions and their 
relationship to the structural components of the lung. 

The solubility and cytotoxicity of particles, influ- 
enced to a considerable extent by their size, modifies 
the nature of the pulmonary response. In general, the 
smaller the particle, the more likely and the more 
rapidly toxic levels will appear in the pulmonary fluids, 
depending of course on the solubility of the agent. Thus, 
finely divided dust may induce acute exudative reac- 
tions. In contrast, larger particles resist dissolution and 
so may persist within the lung parenchyma for years. 
They tend to evoke fibrosing collagenous pneumoco- 
nioses such as is characteristic of silicosis. The interplay 
of these variables is an important factor in determining 
whether or not a pneumoconiosis develops, and _ its 
nature. There is a relatively narrow margin between 
safety and danger. Against this background we turn to 
a consideration of the more common pneumoconioses. 


Air Pollution: Pneumoconioses 


COAL WORKERS’ PNEUMOCONIOSIS (CWP)— 
PROGRESSIVE MASSIVE FIBROSIS (PMF) 


Coal workers’ pneumoconiosis (CWP) is a relatively 
benign form of pulmonary involvement caused by the 
accumulation of coal dust in those who have worked in 
heavily polluted underground mines for years (usually 
more than ten). Although a slight cough and some 
blackish sputum may be present, most of these miners 
have no dyspnea and mild, if any, disturbances in 
ventilatory function.? However, a small number of those 
with CWP become symptomatic, sometimes years after 
exposure to coal-mine dust has ceased, as progressive 
pulmonary scarring develops. This pattern of disease is 
referred to as progressive pulmonary fibrosis (PMF), or 
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Table 10-1. PHYSICAL AND CHEMICAL IRRITANTS: WORKING CLASSIFICATION OF THEIR PULMONARY EFFECTS 


rr 


Category of 
Agents 


Inorganic dusts 


Organic dusts 


Chemicals, 
including fumes 
and vapors 


Radiation 


From Beeson, P. B., McDermott, W., and Wyngaarden, J. B. (eds.): Cecil Textbook of Medicine 15th ed. Philadelphia, W. B. Saunders 


Co., 1979, p. 984. 


Effect on Lung 


1. Pneumoconiosis 
(noncollagenous) 


2. Acute silicolipoproteinosis 


3. Pneumoconiosis 
(collagenous) 
a. Nodular 


b. Diffuse 


c. Complicated 


4. Neoplasia (lung) 


5. Neoplasia (pleura) 

6. Chronic bronchitis 

1. Asthma-like reactions 

2. Late onset airflow 
obstruction (eventually 
irreversible) 


3. Hypersensitivity 
pneumonitis 


4. Chronic bronchitis 
5. Chronic interstitial 
pneumonia 


1. Acute pulmonary edema 


2. Asthma-like reactions 


3. Acute bronchitis 


4. Chronic bronchitis 


5. Pneumonitis 
1. Pneumonitis 
2. Neoplasia 


Agent 


Carbon, tin, iron, coal, 
graphite 
Free silica (uncombined SiO.) 


Free silica 


Asbestos (all fiber types) 


Fume and other fine silica 
Beryllium 


An altered response to 
usually nonfibrogenic dust 

Asbestos (all fiber types) 

Radioactive dusts 

Metal mining 

Metal refining 

Asbestos (excluding 
anthophyllite) 

All dusts, given a high 
enough dose 

Enzymes of B. subtilis 

Western red cedar dust 

Cotton, hemp, flax, and jute 


Fungal spores, especially M. 
faeni 


Organic material (nonspecific) 
Vaporized mineral oil 


Oxides of nitrogen 

Phosgene 

Certain insecticides, e.g., 
paraquat 

Complex platinum salts 

Aluminum solder flux 

Toluene di-isocyanate (TDI) 


TDI (in heavier doses) 


SO, 

NH, 

Vanadium 

All the aforementioned agents 
in lower dose 

Cadmium, Hg, Mn 

X-radiation 

Radioactive dusts 


Circumstances of Exposure, 
Including Occupation(s) or 
industry at Risk 


Mining, welding 


Tunnelling, sandblasting: 
exposure to high doses of 
fine particles 


Hardrock mining of any sort; 
quarrying, stonecutting and 
dressing; foundry, pottery, 
and enamel workers 

Asbestos mining, milling and 
manufacturing; insulating 

Sandblasting 

Fluorescent light and space 
industry 

Coal miners (progressive 
massive fibrosis) 

Mining and industrial exposures 

Mining operations 

Hematite, chrome 

Nickel, chrome 

Industrial exposure more at risk 
than mining exposures 

Probably all types of exposure 


Manufacture of detergents 

Wood workers 

Processing of vegetable fiber, 
especially carding of cotton 


Haymaking, grain handling, 
mushroom cultivating, sugar 
cane picking or processing 
the residue 

Grain handling 

Smoking blackfat tobacco 
(Guyana); certain industrial 
exposures 

Silo filling, fire fighting 

Fire fighting 

Accidental ingestion 


Platinum refining 


Manufacture of polyurethane 
plastic 

Manufacture of polyurethane 
plastic 

Pulp and paper mills 

Refrigeration industry 


As above 


Medical treatment 
Uranium and other mining 


sometimes as complicated CWP. It is important to note 
that PMF is a generic term referring to progressive, 
disabling, sometimes fatal pulmonary scarring that may 
complicate any form of severe primary pneumoconiosis. 

To distinguish advanced CWP from mild PMF and 
mild CWP from so-called pulmonary anthracosis is 
difficult, both clinically and anatomically.’ Over the 
span of decades of living in the dust-polluted atmosphere 
of cities, virtually everyone accumulates dust-laden mac- 
rophages in the lungs, particularly cigarette smokers. 
Some of the particulate matter is carbonaceous. When 
the accumulation is heavy the macrophages aggregate 
into small accumulations, especially about respiratory 
bronchioles, to produce what is known as pulmonary 
anthracosis. By and of themselves these changes are 
banal and cause no respiratory difficulties or radio- 
graphic changes, nor do they predispose to other forms 
of pulmonary disease. In coal miners, similar accumu- 
lations of coal dust-laden macrophages appear in the 
early stages of CWP. However, the much heavier 
exposure to coal dust among miners soon leads to larger, 
more intensely pigmented aggregations of macrophages 
classically referred to as “coal dust macules.” With the 
accumulation of more and more coal dust, the macules 
eventually become fibrotic. There is no problem in 
differentiating pulmonary anthracosis from fibrosing 
CWP, but at an earlier, milder stage there are no well- 
defined criteria to determine where anthracosis ends 
and CWP begins. So it is that the reported incidence 
of CWP based on anatomic criteria among coal workers 
ranges from 25% to greater than 90%.'® !! Small wonder 
that clinicians and radiologists have resorted to nonan- 
atomic criteria such as abnormal ventilatory studies or 
focal densities on chest x-ray.'2 Whatever the precise 
incidence, the increased dependence on coal as a source 
of energy promises a rise in the incidence of this 
condition. 


MORPHOLOGY. In uncomplicated CWP, the pleura and 
the cut surfaces of the lung are mottled by focal blue-black 
pigmentations. The pigmented foci, representing macules, 
are generally distributed throughout the lungs but tend to be 
more numerous in the upper lobes (Fig. 10—1). They range 
from a few millimeters to 1 cm in diameter, depending on 
the severity of the coal dust accumulation. Generally, there 
is no pleural thickening or adhesions. As the process ad- 
vances, the focal pigmentations become somewhat fibrotic 
and firm to palpation, and are eventually converted into 
discrete black fibrotic nodules. Close inspection may disclose 
distended air spaces in and about these nodules. The lymph 
nodes in the peribronchial hilar and para-aortic regions are 
usually somewhat enlarged and densely pigmented. By 
definition, in uncomplicated CWP there are no large con- 
fluent areas of pigmentation or fibrosis. 

Microscopically, the macule comprises at first an aggre- 
gation of intact, dust-laden macrophages disposed princi- 
pally about respiratory bronchioles, extending into and filling 
adjacent alveoli. Aggregates of macrophages may alsd be 
located about small pulmonary arteries as well as within 
involved lymph nodes. As the size of the macule increases 
with the accumulation of coal mine dust, first a fine network 
of reticulin is deposited and then progressively increasing 
amounts of collagen. At this stage of the disease, many of 
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Air Pollution: Pheumoconioses 


of black coal dust about small airways are readily evident throughout 
the lung. There is some tendency for more heavy involvement of 
the upper lobe. (Courtesy of Dr. Werner Laquer, Dr. Jerome Klei- 
nerman, and the National Institute of Occupational Safety and 
Health.) 


the macrophages may have died with release of the pigment 
into the reactive fibrosis. Eventually the scarring may create 
relatively circumscribed gray-black nodules of collagen up 
to 2 cm in diameter surrounded by masses of free carbon 
particles, as well as dust-laden macrophages. The scarring 
may obliterate adjacent alveoli and cause distention of those 
in the periphery of the foci of fibrosis to produce focal 
emphysema (p. 718). When this process occurs about the 
ramifications of pulmonary arteries, the arterial walls undergo 
fibrosis and thicken, with markedly narrowed lumens consti- 
tuting “obliterative vasculitis.” Often, chronic bronchitis and 
bronchiolitis, as well as centrilobular emphysema, supervene 
(p. 718). However, controversy continues as to whether 
these secondary diseases are sequelae of CWP or merely 
associations." 

PMF may occur on a background of nodular CWP. It is 
characterized by large, sometimes massive, intensely black- 
ened scars that exceed 2 cm in diameter and sometimes 
achieve dimensions of 5 to 10 cm.'* The scarred areas are 
usually bilateral and may occur anywhere in the lungs, but 
are most common in the upper regions of the upper and 
lower lobes. When attached to the pleura they may cause 
retraction and thickening of the pleura (Fig. 10-2). Typically, 
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Figure 10—2. Progressive massive fibrosis superimposed on coal 
workers’ pneumoconiosis. The large blackened scars are principally 
located in the upper lobe. Note extensions of scars into surrounding 
parenchyma and retraction of adjacent pleura. (Courtesy of Dr. 
Werner Laquer, Dr. Jerome Kleinerman, and the National Institute 
of Occupational Safety and Health.) 


the scars have irregular borders with long, streaming exten- 
sions into the surrounding lung substance. Coalescence of 
such lesions may replace large areas of lung substance, 
justifying the sometimes used designation “black lung dis- 
ease.” Occasionally the centers of scars are converted into 
cavities filled with a fluid to semifluid “India ink.” The 
surrounding air spaces are usually markedly distended or 
may even appear honeycombed. 

Microscopically, the massive scars comprise varying 
proportions of dense collagen and carbon pigment. The 
walls of respiratory bronchioles and pulmonary vessels 
trapped within the scar are thickened or their lumens are 
obliterated. The vascular changes may account for the 
central necrosis and cavitation of some scars. Surprisingly, 
there is only a scant infiltrate of lymphocytes and plasma 
cells about the areas of fibrosis. 

Depending on the extent of the scarring and involvement 
of the pulmonary vasculature, right ventricular hypertrophy 
(cor pulmonale) may be present. In addition, miners who 
have rheumatoid arthritis and simultaneously either CWP or 
PMF sometimes develop apparent rheumatoid lesions in the 
lungs. They consist of rubbery-to-firm nodules, 0.5 to 5.0 cm 
in diameter, usually having foci of opaque necrosis and 


sometimes central liquefaction, cavitation, and calcification. 
On microscopic examination they strongly resemble subcu- 
taneous rheumatoid nodules (p. 1352) with central fibrinoid 
necrosis, and a characteristic enclosing inflammatory reac- 
tion. Caplan correctly related these lesions in miners to the 
concomitant rheumatoid arthritis, and hence the combina- 
tion of pneumoconiosis, rheumatoid arthritis, and the 
distinctive pulmonary lesions is known as Caplan’s 
syndrome.'* This syndrome is also associated with silicosis, 
asbestosis, and other dust-caused pneumoconioses, raising 
the question of its genesis.'® 


PATHOGENESIS. Three mechanisms have been pro- 
posed to explain the fibrosing reaction that supervenes 
on the coal macule. Silica, a known potent stimulus to 
pulmonary fibrosis, may be admixed with the coal dust 
even in “soft” coal mines. There may be release of 
“fibroblast growth factor’ (p. 61) from the activated 
macrophages.!” But it might well be that coal mine dust, 
however inert, when phagocytized in sufficient amounts 
can injure and destroy macrophages and thus initiate a 
chronic inflammatory response. 

More vexing is the question of what accounts for 
the transformation of CWP into PMF. Five influences 
either singly, in sequence, or in concert may be in- 
volved: (1) the total burden of lung dust, (2) obliterative 
vascular lesions, (3) concomitant silica, (4) intercurrent 
tuberculosis, and (5) immunologic mechanisms. A num- 
ber of autopsy studies show a fairly strong correlation 
between the dust content of the lung and the severity 
of the pulmonary reaction, supporting the dose-duration 
theory. Obliteration of pulmonary arterial branches and 
ischemia provides another reasonable basis for extension 
of pulmonary damage.’® Silica may contribute to the 
development of PMF since surveys have correlated the 
level of quartz in the dust with the tendency of CWP 
to progress into PMF.’® For many years there was a 
suspicion that intercurrent infection with mycobacteria, 
whether virulent or relatively avirulent, might underlie 
the development of PMF. This view was based on the 
past high incidence of tuberculosis in coal miners (40% 
of cases with PMF). However, the two conditions are 
now known to be coincidental and only related insofar 
as poor living and working conditions underlie both. 
The association of Caplan’s syndrome, which has well- 
defined immunologic origins, with dust-caused pneu- 
moconioses raises the possibility that immunologic fac- 
tors may be involved in the transition of CWP into 
PMF. However, the rarity of Caplan’s syndrome in coal 
workers, and the failure to document regularly immu- 
noglobulins or sensitized T cells in the fibrosing reac- 
tions of PMF, argue against an important role for 
immunity in the progression of the pulmonary lesions. 
The weight of evidence suggests that, as coal dust 
accumulates, CWP converts into PMF. The other cited 
influences may augment or hasten the process but are 
not central. 

CLINICAL Course. As already mentioned, CWP is 
usually asymptomatic. It can only be suspected by the 
occupational history and confirmed clinically by the 
finding of diffuse radiologic nodularities (“tattooing”) on 


chest film. In the unusual instance a chronic dry cough 
and exertional dyspnea may appear, but these symptoms 
may be related more to the concomitant airway disease 
and emphysema than to the CWP itself. 

PMF, by contrast, is a serious, disabling disease. 
At the outset it is manifested by dyspnea on effort, but 
as the pulmonary lesions advance the dyspnea worsens 
until it becomes evident at rest. The chronic cough is 
productive of coal dust-laden sputum, and sometimes 
rupture of a lung cavity may lead to an alarming release 
of jet-black sputum. Poorly localized chest pain is com- 
mon, as is a purulent bronchitis related to intercurrent 
bacterial infection. In advanced cases, manifestations of 
pulmonary hypertension and right heart hypertrophy 
may appear (p. 569). Fever is uncommon, but if it 
appears, superimposed tuberculosis must be suspected. 
Although the incidence of this infection in coal miners 
has been rapidly decreasing, it is still more prevalent 
than in nonmining populations. The large areas of 
scarring are readily visualized on chest x-ray. As pointed 
out, patients with concurrent rheumatoid arthritis may 
develop Caplan’s syndrome, and with it progression of 
their symptoms. Still under study is the frequency of 
lung cancer in coal miners. While there is some dis- 
agreement among reports, the majority claim no in- 
crease in prevalence when confounding influences, such 
as cigarette smoking, are carefully excluded.” There is, 
however, a predisposition to carcinoma of the stomach, 
but for no other form of cancer.?! Suspected causes 
include swallowed carcinogens such as polycyclic hydro- 
carbons, or beryllium present in coal dust, or perhaps 
the common practice among coal miners of chewing 
tobacco (since smoking is forbidden within mines), but 
in truth the explanation is elusive. 


SILICOSIS 


Silica dust is a potent pulmonary irritant that may 
cause an acute or chronic pulmonary reaction, depend- 
ing on intensity of exposure and particle size. The term 
“acute” as used here refers to the development of an 
exudative pneumonitis closely resembling pulmonary 
alveolar proteinosis (p. 746) months or a very few years 
after intense exposure to finely divided silica dust. 
Respiratory failure rapidly ensues (which often cannot 
be reversed by therapy) and death usually occurs within 
a year or two. In contrast, chronic silicosis is insidious 
in onset and is compatible with long survival. However, 
it may slowly progress to respiratory failure and death. 
This pattern is seen following the slow accumulation 
over the span of years to decades of larger, more 
persistent particles of silica in the lungs, with the 
formation of collagenous nodules wherever they are 
implanted. Because of the persistence of the silica within 
the lungs, the disease may first appear and the pulmo- 
nary lesions progress long after exposure has ended. 
Chronic fibrosing nodular silicosis may be complicated 
by Caplan’s syndrome and is also associated with a ten- 
to 30-fold increased incidence of tuberculosis.” 
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Next to oxygen, silicon is the most common element 
in man’s environment. It occurs in the earth's crust 
mainly in the form of silicon dioxide, comprising a 
tetrahedron with a central silicon atom surrounded by 
four symmetrically situated oxygen atoms. The tetra- 
hedral structure is in some way linked to the fibrosing 
reaction and is characteristic of the three principal 
crystalline pathogenic forms of silica—quartz, cristobal- 
ite, and tridymite (in ascending order of fibrogenicity). 
Amorphous forms of silica such as diatomaceous earth 
have little pathogenicity. Silica dusts are encountered 
in many industries, particularly in the mining of gold, 
tin, and copper; stone cutting and polishing; glass man- 
ufacture; foundry work; sand blasting; and the fabrica- 
tion of pottery and porcelain. Particle size is of impor- 
tance. Those larger than 5 to 10 yt, such as beach sand, 
are screened or cleared out by normal defense mecha- 
nisms. Extremely small particles, less than 0.5 wp in 
diameter, may remain airborne and be exhaled. The 
most dangerous are those in the range of 1 to 2 wp. 
Obviously, intensity and duration of exposure are also 
important. 

PATHOGENESIS. The events that transpire in the 
induction of the fibrous nodular scarring of chronic 
silicosis are still somewhat controversial.” On this much 
there is general agreement: (1) deposition of silica 
particles within respiratory bronchioles and associated 
alveoli; (2) phagocytosis by macrophages; (3) fusion of 
the particle-containing phagosome with lysosomes; (4) 
lysis of phagolysosomes and cells with release of parti- 
cles; (5) reingestion of particles by other macrophages 
with continuation of the cycle.** Two issues, however, 
remain unresolved: the basis for the cytotoxicity and the 
closely related fibrogenicity of silica.” A favored theory 
of toxicity proposes the production of silicic acid by the 
partial dissolving of the silica particle. The acid’s exposed 
hydroxyl radicals act as donors of hydrogen, with bond- 
ing to the phosphate groups of membrane phospholipids 
leading to damage to lysosomal and plasma mem- 
branes.”° Thereafter, cell death is caused by an influx of 
calcium ions.?” In support of this membrane-damaging 
effect of silica is the correlation between its cytotoxicity 
and hemolytic activity. There is no dearth of proposals 
about the ultimate stimulus for collagen synthesis. A 
favored view is that macrophages activated by phago- 
cytosis of particles release a “fibroblast growth factor” 
(p. 61).22 However, immunologic mechanisms have also 
been suggested. It is known that patients with silicosis 
usually have increased serum immunoglobulins and 
often have high serum titers of rheumatoid factor and 
antinuclear antibody.”? There is also a greater than 
chance association between silicosis and autoimmune 
diseases, particularly progressive systemic sclerosis. 
Most convincing is the evidence that silica-activated T 
cells release a factor (? lymphokine) capable of stimulat- 
ing collagen synthesis in fibroblast cultures. Seductive 
as these findings may be, the ultimate cause of cell 
death and stimulus for collagen synthesis in silicosis are 
still under study. 

The pathogenesis of acute silicosis is even less well 
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understood, but acute toxicity, related to release of 
silicic acid from finely divided particles, is assumed. 


MORPHOLOGY. The anatomic changes of acute sili- 
cosis closely resemble pulmonary alveolar proteinosis (p. 
746) and will not be detailed here. Basically, they consist of 
large areas of pale gray consolidation produced by filling of 
the alveoli by amorphous lipoproteinous debris accompanied 
by an alveolar septal infiltration of mononuclear inflammatory 
cells. This interstitial reaction differentiates acute silicosis 
from alveolar proteinosis. A fibrinous pleuritis is often present 
in acute silicosis. 

Chronic nodular silicosis is characterized at the onset 
by tiny collagenous nodules, more palpable as a fine, sand- 
like texture than visible. The parenchymal involvement ini- 
tially tends to be located in the upper lobes and about the 
hilar regions, but may extend throughout the lungs in severe 
cases or with progression of the disease. The tiny nodules 
slowly enlarge, and some coalesce to produce minute areas 
of readily visible scarring. In time the discrete nodules 
coalesce with the formation of stony-hard, large fibrous 
scars, usually in the upper lobes. Pleural involvement creates 
dense fibrous plaques as well as adhesions that bridge and 
may even obliterate the pleural cavities. Sometimes the 
centers of the scars undergo central cavitation, because of 
either ischemia or superimposed tuberculosis. As the scar- 
ring progresses typically the upper lobes are contracted and 
the lower lobes expand to accommodate (Fig. 10—3). Often 
the collagenous nodules or scars are blackened by concom- 
itant accumulations of coal dust. The lung parenchyma 
between the scars may be compressed or emphysematous. 
Thus, honeycombing develops and is sometimes accom- 
panied by subpleural bullae. Calcification may appear within 
the scarred areas. Similar collagenous nodules appear within 
the lymph nodes and classically undergo calcification, pro- 
ducing so-called “eggshell” shadows on chest x-rays. These 
standard alterations may be complicated by tuberculous 
lesions with their foci of caseation and cavitation, or by the 
appearance of the gray-white necrotic lesions of Caplan’s 
syndrome (p. 434). 

In late cases that come to autopsy, discrete hyalinized 
collagenous nodules are seen about the respiratory bron- 
chioles, associated alveoli, pulmonary arteries, and parasep- 
tal and subpleural tissues. The collagen is laid down in 
concentric laminations, often separated by narrow, cleftlike 
spaces that may contain crystalline spicules presumably of 
silica. There is surprisingly scant lymphocytic and occasion- 
ally plasma cell infiltrate about such foci. With enlargement, 
contiguous nodules are enclosed within encircling collagen- 
ous layers and, in this fashion, the scarring extends and 
encroaches on respiratory bronchioles, contributing to bron- 
chiolar obstruction and hyperinflation of alveoli (Fig. 10-4). 
Similar involvement of the pulmonary arteries adds an ele- 
ment of ischemia to the progression of the disease. The 
intervening lung parenchyma is hyperinflated or emphyse- 
matous. Of importance in the differentiation of chronic 
silicosis from other forms of collagenous pneumocon- 
iosis is the polariscopic demonstration of birefringent 
particles of silica within the fine, cleftlike spaces be- 
tween the collagenous lamellae of the silicotic nodules. 
Cavitation may occur in uncomplicated silicosis, but 
when present should raise the suspicion of intercurrent 
tuberculosis or Caplan’s syndrome. 


CLINICAL Course. The clinical manifestations of 
acute silicosis were presented at the outset. Chronic 
silicosis is extremely insidious, and radiographic findings 


Figure 10—3. Advanced silicosis seen on transection of lung. Scar- 
ring is almost confluent, occupying most of upper lobe and contig- 
uous region of lower lobe. Arrow indicates interlobar fissure. Several 
tuberculous cavities are present in apex. Note dense pleural thick- 
ening. (Courtesy of Dr. John Godleski, Brigham and Women’s 
Hospital.) 


may appear years before there is any clinical evidence 
of respiratory dysfunction. Typically, the early phase of 
fine nodularity imparts a “snowstorm” appearance on 
chest radiograph. However, with progression there is a 
tendency for the disease to become more severe in the 
mid-lung fields (Fig. 10-5). At this stage there is marked 
decrease in lung compliance and in gas diffusion, and 
so dyspnea on exertion becomes evident. The breath- 
lessness may at first be mild, but typical of silicosis is 
its relentless, slow progression, long after all further 
exposure has ceased. This clinical picture may be com- 
plicated by the development of rheumatoid arthritis 
(Caplan’s syndrome), chronic bronchitis, emphysema, 
cor pulmonale, or pulmonary tuberculosis. Although the 
disease by and of itself is slow to kill, it may make 
respiratory cripples of its victims. Obviously, an occu- 
pational history is of critical importance in establishing 
the diagnosis. The only bright note is that there appears 
to be no increased prevalence of bronchogenic carci- 
noma or other forms of cancer, including mesotheliomas, 
in this form of pneumoconiosis. 
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Figure 10—4. Several coalescent collagenous silicotic nodules. 
(Courtesy of Dr. John Godleski, Brigham and Women’s Hospital.) 


Figure 10—5. Striking bilateral radiodensities 
in mid-lung fields produced by silicosis. 
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ASBESTOSIS AND ASBESTOS-RELATED 
LESIONS 


Overexposure to asbestos dust has been called “one 
of the worst industrial health tragedies in history.”*° It 
is estimated that 8000 to 10,000 deaths will be caused 
annually from now to the end of the century by asbestos- 
related diseases. Inhalation of asbestos may cause not 
only a pneumoconiosis—asbestosis—but also an_ in- 
creased incidence of mesothelioma, bronchogenic car- 
cinoma, and other forms of cancer.*! These conse- 
quences may not appear until decades later, often long 
after exposure has ceased. Virtually every urban dweller 
is exposed to small amounts of asbestos dust in the air 
because it is so widely used in innumerable products, 
e.g., sewage and water conduits, flooring and roofing 
products, insulation, brake linings, clutch casings, and 
coating compounds. Even water supplies and foods 
become contaminated by the airborne pollution. Ob- 
viously, workers involved in the mining, fabrication, 
and installation of asbestos and its products are at 
greatest risk. Almost 40% of a group of shipyard pipe 
coverers were found to have asbestosis.*2 However, the 
exposure may be indirect: secretaries in mills, those 
living in the immediate area of a mill, and families of 
asbestos workers have suffered an increased incidence 
of mesotheliomas. While there is a general relationship 
between intensity of exposure and the development of 
asbestos and related lesions (neoplasms), no specific 
threshold level has been established. 

Asbestos is a family of fibrous silicates divided into 
curled serpentines and straight amphiboles. Chrysotile, 
a serpentine, is the predominant form used commer- 
cially (over 90%); two amphiboles—crocidolite and amo- 
site—account for most of the rest. All fibers, whether 
curled or straight, vary from 0.1 to 1.5 wm in diameter 
and usually range up to 50 wm in length, although they 
may be considerably longer. All types of fibers are 
pathogenic; chrysotile is probably the major air pollu- 
tant, but these fibers tend to fragment in the respiratory 
tract and so are more readily cleared. The long amphi- 
boles, particularly crocidolite, are more strongly impli- 
cated in the induction of cancers, and there is great 
concern over their increased use during the building 
boom that followed World War II.*4 

Once deposited in the lungs, some fibers are phago- 
cytized by macrophages and within these cells acquire 
a coating of complexes of hemosiderin and glycoproteins 
to produce highly distinctive long, beaded ferruginous 
bodies, often with clubbed ends (Fig. 10-6). The axial 
core of the ferruginous body is the optically transparent 
asbestos fiber, and the iron-protein accretion appears 
golden yellow. Particularly long fibers may be enclosed 
within foreign body giant cells. Several points should 
be noted: (1) Most fibers remain uncoated, for unknown 
reasons. (2) There is no strict correlation between the 
burden of asbestos in the lung and the development of 
pulmonary disease. Thus, ferruginous bodies can often 
be found in the absence of disease. (Parenthetically, 
these observations point to the importance of host factors 
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Figure 10—6. Asbestosis of lung in high-power detail to demonstrate 
pathognomonic ‘‘ferruginous bodies.” 


in the equation.) (3) Other types of fibers, e.g., glass, 
cotton, may also acquire a coating to become ferruginous 
bodies. However, for all practical purposes the great 
majority have an asbestos core, and so ferruginous 
bodies are sometimes loosely termed asbestos bodies. 
(4) The longer the fiber, the more likely is the formation 
of a ferruginous body. As noted, chrysotile tends to 
fragment and so most ferruginous bodies contain am- 
phiboles. (5) Uncoated fibers and fragmented fibers may 
not be visible by light microscopy, and so special 
techniques such as electron or phase microscopy of 
digested lung tissue are required to quantitate the 
amount of asbestos in the lung. 

The morphology of asbestosis will be presented 
before the pathogenesis of asbestos-related lesions is 
considered. The neoplasms are discussed elsewhere 
with the particular organ affected. 


MORPHOLOGY. The characteristic changes of as- 
bestosis are: (1) a diffuse interstitial fibrosis (p. 747) 
initially most marked in the lower lobes (Fig. 10—7); (2) 
asbestos fibers and ferruginous bodies within the areas 
of scarring; and (3) the development of small-to-large, 
sometimes curiously circumscribed, dense, hyalinized, 
and possibly calcified plaques of the parietal pleura. At 
the outset, the parenchymal fibrosis is located principally 
about respiratory bronchioles and alveolar ducts where rel- 
atively long fibers are deposited. The fibrosis is usually most 
prominent in the periphery of the lobes and may be accom- 
panied by fibrotic thickening of the visceral pleura. With 
progression the interstitial fibrosis extends centrally and the 
more dense fibrous tracts interconnect, while the intervening 
unaffected air spaces undergo dilatation to yield a coarse 
honeycomb pattern. With marked involvement, the middle 
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Figure 10—7. Asbestosis. Striking interstitial fibrosis with marked 
thickening of septal walls. Clusters of macrophages are present 
within air spaces. (Courtesy of Dr. John Godleski, Brigham and 
Women’s Hospital.) 


and upper lobes of the lungs are affected and the scarring 
becomes heavier. Ferruginous bodies and asbestos fibers 
are usually detectable under the light microscope within the 
fibrous scars, lying free within air spaces or enclosed within 
macrophages or giant cells in the air spaces. Calcification 
of the parenchymal scars is not common. 

The dense fibrocalcific parietal pleural plaques are 
distinctive but not pathognomonic of asbestosis. They tend 
to occur on the anterior and posterolateral aspects of the 
parietal pleura and over the dome of the diaphragm; the 
apices are rarely affected (Fig. 10—8). There is no relation- 
ship between the localization of the fibrotic thickening of the 
visceral pleura and the plaques, nor with adhesions if any 
between the pleural surfaces. 

A number of complications may supervene. Marked 
emphysema may appear between areas of interstitial fibro- 
sis. Secondary bronchiectasis or Caplan’s syndrome (p. 434) 
may complicate the picture. The scarring may narrow or 
obliterate pulmonary arteries and arterioles, leading to pul- 
monary hypertension and cor pulmonale. 

There is a markedly increased incidence of pleural and 
peritoneal malignant mesotheliomas, and bronchogenic car- 
cinomas, and a less striking increase in cancers of the upper 
and lower gastrointestinal tract and kidney, and lymphomas 
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of the oral cavity and gastrointestinal tract.*°* These neo- 
plasms may appear in association with asbestosis of the 
lungs, but sometimes in the absence of significant pulmonary 
interstitial fibrosis. The incidence of mesotheliomas is in- 
creased over 100-fold but they are still less common than 
bronchogenic carcinoma. The incidence of bronchogenic 
carcinomas is increased four- to fivefold over that in the 
non—asbestos exposed. Concurrent cigarette smoking 
greatly magnifies the risk of bronchogenic carcinoma to 50 
to 90 times that of nonsmokers who have had no exposure 
to asbestos (correlated with the pack-years of smoking). 
Curiously, concurrent cigarette smoking does not increase 
the risk of malignant mesothelioma. 


Air Pollution: Pneumoconioses 


PATHOGENESIS. The precise basis for the fibrous 
reaction to inhaled asbestos fibers is poorly understood, 
as are the mechanisms involved in the induction of 
cancers. Size and conformation of fibers and clearance 
mechanisms may explain the tendency for the paren- 
chymal lesions of asbestosis to begin in the lower lobes 
and peripherally. Chrysotile, because of its curled con- 
formation, is relatively resistant to air flow and so is 
deposited in the upper respiratory tract where most is 
cleared by mucociliary action. The straight amphiboles 
create less air resistance and so are carried into the 
periphery. Short fibers may be removed by phagocytosis 
and transported through the lymphatics to regional 
lymph nodes. The long amphiboles tend to be re- 
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Figure 10—8. Asbestosis. Several discrete, characteristic fibrocalcific 


plaques on pleural surface of diaphragm. (Courtesy of Dr. John 
Godleski, Brigham and Women’s Hospital.) 


440 ENVIRONMENTAL PATHOLOGY 


tained.**° Most are carried by macrophages across the 
wall of the bronchioles and alveolar ducts into the 
interstitium where the fibrosis is most marked. Fibers 
may also be taken up by the epithelial cells lining the 
airways and, through uncertain pathways, move into the 
submucosal interstitium.*” The basis for the fibrogenesis 
is unclear and a number of possibilities have been 
suggested. Chrysotile, because of its magnesium con- 
tent, damages lysosomal and plasma membranes of cells 
in vitro.*® As with silica, membrane damage could lead 
to calcium influx and death of macrophages and epithe- 
lial cells, thereby setting up a chronic inflammatory 
fibrotic reaction. Significantly, chrysotile, when added 
to fibroblast cultures, stimulates the production of retic- 
ulin and collagen. There are in addition many hints of 
asbestos-induced alterations in the immune system, 
e.g., reduced numbers of circulating T cells, elevated 
immunoglobulins, and defective cell-mediated immu- 
nity.°** How these changes relate to the fibrosing reac- 
tion is not clear, but it has been proposed that activated 
macrophages may release growth factors stimulating 
fibroblasts.*° Another possibility is that oxygen-derived 
free radicals liberated by macrophages active in phago- 
cytosis might trigger the injury. There is no dearth of 
speculation. 

Many other puzzles remain. Although there is an 
imperfect correlation between the pulmonary burden of 
asbestos fibers and the development of parenchymal 
fibrosis (implicating host factors), there is in general a 
good correlation between body burden and the predis- 
position to asbestos-related neoplasms. However, meso- 
theliomas occasionally develop with seemingly minimal 
exposure, or indeed rarely in the apparent absence of 
exposure. Possibly, unknown exposure to very fine 
asbestos dust had occurred, leaving no detectable fibers 
in the lungs. The evidence is strong that crocidolite 
followed by amosite is more tumorigenic than chrysotile. 
The mechanism of carcinogenicity is not known. It is 
speculated that asbestos may act as a promotor enhanc- 
ing the carcinogenicity of initiating influences, being an 
irritant rendering cells more vulnerable to carcinogenic 
influences. In this connection, it has been shown that 
in organ cultures of hamster tracheal explants, asbestos 
induces squamous metaplasia of the respiratory lining 
epithelium.*“ Conceivably the fibers also act as “car- 
riers’ of the carcinogens contained in cigarette smoke, 
accounting for the striking increased frequency of bron- 
chogenic carcinoma in persons doubly exposed to as- 
bestos and smoking. How then to account for the 
increased frequency of gastrointestinal neoplasms and 
mesotheliomas of the parietal pleura and peritoneum 
with asbestos exposure? The former could be related to 
inhaled fibers coughed up and swallowed, or to the 
small amounts of asbestos in drinking water, beverages, 
and foods. However, the feeding of asbestos to rodents 
has not induced tumors in the gut. Alternatively, inhaled 
fibers have been reported to be translocated through 
lymphatics and blood vessels.*° For want of a better 
explanation, this pathway is invoked in the origin of the 
parietal fibrocalcific plaques and mesotheliomas in the 
pleura and peritoneum.*! 


CLINICAL CourRSE. The manifestations of asbestosis 
are entirely nondistinctive and include dyspnea; chronic 
dry cough; predisposition to recurrent respiratory infec- 
tions, particularly viral; and sometimes weight loss. 
Respiratory failure may eventually appear. Caplan’s 
syndrome or pulmonary hypertension with the devel- 
opment of cor pulmonale may complicate the clinical 
course. The pneumoconiosis is slowly progressive even 
after further exposure has ceased, and death usually 
occurs within 12 to 20 years of the onset of symptoms. 
Not infrequently the fatality relates to the late-appearing 
cancers. Mesotheliomas (discussed in detail on p. 760) 
are only rarely encountered in the absence of significant 
exposure to asbestos, but have been reported to occur 
in up to 10% of heavily exposed workers, sometimes 40 
to 50 vears after all exposure has ceased.” The death 
rate from bronchogenic carcinoma is increased several- 
fold among nonsmokers, rising as cited to 90-fold among 
heavy cigarette smokers.* There is also almost a twofold 
increased incidence of carcinomas of the oropharynx, 
esophagus, and colon. Thus, although asbestos is an air 
pollutant, it has wide-ranging neoplastic consequences, 
most evident in those whose tissues are doubly insulted 
by smoking. 


BERYLLIOSIS 


Heavy exposure to airborne, finely divided beryl- 
lium or its salts induces an acute chemical pneumonitis, 
while more protracted exposure to lower levels of these 
pollutants may cause pulmonary and systemic granu- 
lomatous lesions. Minor epidemics of pulmonary bery]- 
liosis occurred in the United States in the mid-1940s 
among workers involved in the manufacture of fluores- 
cent lamps that incorporated powdered beryllium:com- 
pounds.“ This use of beryllium has been discontinued, 
but because of its high tensile strength and resistance 
to fatigue and heat, beryllium is now increasingly used 
in electronic, ceramic, aerospace, nuclear energy, and 
other industries.** Those involved in the mining and 
extraction of the metal from ore are also at risk. Occa- 
sional instances of berylliosis have been encountered in 
individuals who live close to industries using this metal. 
For reasons that are not clear, there is a striking 
individual susceptibility to berylliosis since even in high- 
risk occupations less than 2% of those exposed develop 
untoward reactions. Several observations suggest that 
delayed (Type IV) hypersensitivity is involved in the 
pathogenesis of the lesions. The pneumoconiosis tends 
to be more frequent in individuals who have returned 
to their hazardous occupation after some period of 
absence. Patients with berylliosis often have a positive 
skin test to this metal and can also be shown to have 
sensitized T cells. Moreover, the characteristic lesion in 
chronic berylliosis is granuloma formation (classically a 
delayed hypersensitivity response). 


MORPHOLOGY. Acute berylliosis is basically a toxic 
or allergic pneumonitis sometimes accompanied by an acute 
rhinitis, pharyngitis, and tracheobronchitis. The mucosal sur- 


faces are red and edematous and on microscopic exami- 
nation disclose a nonspecific acute inflammation. The lungs 
are congested, edematous, and heavy. The histologic re- 
action is essentially that of an acute inflammatory exudation 
filling the alveoli with edema fluid, fibrin, red cells, and 
neutrophils, creating a bronchopneumonic pattern. Lympho- 
cytes, plasma cells, and occasional neutrophils infiltrate the 
septal walls. In the course of days, the alveolar exudate is 
largely replaced by macrophages and lymphocytes, some- 
times enmeshed in fibrin. As the disease evolves, the 
alveolar exudate may be resorbed, accompanied by marked 
clinical improvement, or it may become organized along with 
the development of septal fibrosis. When organization occurs 
it produces a gas-diffusion block, which may be fatal. In 
acute berylliosis, granulomas are not formed. 

Chronic berylliosis, better known as beryllium gran- 
ulomatosis, is characterized by granuloma formation and a 
diffuse interstitial inflammatory reaction. Grossly, the lungs 
may reveal very few changes save possibly for some in- 
crease in weight and slight reduction in crepitation. More 
severe involvement may be accompanied by ill-defined areas 
of increased consistence and sometimes focal honeycomb- 
ing. Palpable nodules up to 3 cm in diameter are occasionally 
found.** Enlargement of the hilar lymph nodes is infrequent, 
but pleural thickening may appear late in the course of 
severe disease. Cor pulmonale (p. 569) is sometimes en- 
countered. 

Microscopically, well-developed epithelioid granulomas 
strongly resembling those of sarcoidosis are diffusely scat- 
tered in the interstitial tissue and are particularly frequent in 
subpleural septal, peribronchial, and perivascular locations 
(Fig. 10-9). With electron microscopy the epithelioid cells 
can be seen to have very prominent Golgi complexes, 
suggesting secretory activity.*” Prominent in the granulomas 
are Langhans’-type giant cells and an enclosing mantle of 
lymphocytes, presumably T cells. Three types of inclusions 
may also be present in these granulomas, sometimes 
within the giant cells: (1) a spiculated crystal, 3-10 p in 
length, which is birefringent and is composed of calcium 
carbonate; (2) a concentrically laminated Schaumann body, 
up to 50 w in diameter, formed by successive layers of 
protein, calcium, and iron; and (3) the most unusual—stellate 
acidophilic asteroids—composed of lipoprotein membrane 
aggregates and almost always found within giant cells. 
Although striking, these inclusions are not limited to beryl- 
liosis and are found in sarcoidosis and other pulmonary 
diseases.* As mentioned, a diffuse and often extensive 
interstitial inflammatory reaction accompanies the granu- 
lomatous response. Initially it takes the form of septal edema 
with an infiltrate of lymphocytes, macrophages, and plasma 
cells, but as the disease progresses, fibrosis ensues. It is 
this aspect of chronic berylliosis that most significantly de- 
ranges pulmonary function. 

Accompanying the chronic pulmonary lesions may be 
granulomatous involvement of the liver, kidney, spleen, 
lymph nodes, and skin. Chronic persistent ulcerations of the 
skin replete with a granulomatous reaction may develop at 
sites of scratches or injuries where beryllium has been 
absorbed. 


CLINICAL Course. Acute berylliosis may erupt as a 
fulminating illness within days of a massive exposure, 
or may be more insidious in onset. In either case, the 
major clinical features are rapidly progressive dyspnea, 
cough, and findings suggestive of pulmonary edema on 
physical examination and chest film. The ventilation- 
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Figure 10—9. The well-developed granulomas of pulmonary beryl- 
liosis. 


perfusion derangement induces hypoxemia and some- 
times cyanosis. Most cases resolve within weeks to a 
few months with no residuals, but some are fatal. 
Approximately 5 to 10% progress to chronic disease. 
The chronic granulomatosis is far more insidious in 
onset and usually becomes manifest months to years 
after initial exposure to beryllium. Sometimes the dis- 
ease first appears long after all exposure has ended. 
Exertional dyspnea is usually the presenting symptom, 
but as the disease progresses, dyspnea may appear even 
at rest. These manifestations are indistinguishable from 
those produced by other chronic lung disease, including 
the other forms of severe pneumoconiosis. Chest radio- 
graphs usually disclose scattered nodular opacities ac- 
companied by a diffuse linear and reticular pattern, but 
hilar adenopathy is uncommon. Diffuse chronic disease 
of the lungs may lead to cor pulmonale. The diagnosis 
depends on a history of exposure supported by the 
demonstration of sensitized T cells, using the macro- 
phage migration inhibition or lymphocyte transforma- 
tion tests. Chemical assays of urine or lung samples are 
not generally useful because of the frequency of false- 
negative results. In most cases the course spans years 
or decades, sometimes terminating in death from cardiac 
or respiratory failure. There is now substantial evidence 
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that significant occupational exposure to beryllium in- 
duces a twofold increased incidence of bronchogenic 
carcinoma,” which is no surprise in the light of the 
carcinogenicity of beryllium in animals.*! 


OTHER DUST DISEASES 


There are many other forms of pulmonary dust 
disease in addition to those already discussed; however, 
most are less life-threatening than the collagenous pneu- 
moconioses. They can be roughly segregated into three 
categories: (1) noncollagenous inorganic dust pneumo- 
coniosis; (2) asthma; and (3) extrinsic allergic alveolitis. 

The noncollagenous inorganic dust pneumoconioses 
include, in addition to uncomplicated coal workers 
pneumoconiosis, such entities as siderosis, stannosis, 
baritosis, and other less common conditions. All of these 
noncollagenous pneumoconioses are characterized by 
focal accumulations of the particular dust in the lung to 
create macules resembling the coal-dust macule. Only 
very rarely are the pulmonary changes productive of 
respiratory difficulty, but in the exceptional instance 
with severe exposure any one of these disorders may 
prove fatal. 

Asthma has many origins, as is evident in the full 
discussion on page 727. Whatever its origin, the disease 
is characterized by paroxysms of bronchospasm and 
bronchial changes that induce obstructive narrowing of 
the airways. One clinical pattern is known as occupa- 
tional or industrial asthma because the attacks are 
triggered by a large variety of dusts—grain, wood, 
animal hair and dander, and others encountered in the 
workplace. 

Extrinsic allergic alveolitis is a distinctive hyper- 
sensitivity pulmonary reaction to inhalation of one of a 
large number of organic dusts. It differs from asthma 
inasmuch as it takes the form of an interstitial inflam- 
matory reaction, sometimes granulomatous, at the level 
of respiratory bronchioles and alveoli. Such inflamma- 
tion is generally reversible, but may progress to diffuse 
interstitial pulmonary fibrosis and permanent respira- 
tory insufficiency. Various inhaled allergens are in- 
volved, such as spores of molds, pollens, animal and 
industrial particulates, and chemical fumes. The most 
important of these sensitivity disorders is farmers lung, 
which typically appears within hours of the inhalation 
of spores derived from a thermophilic actinomycete that 
grows on improperly dried and stored hay. More details 
on these dust-related hypersensitivity diseases are avail- 
able on page 744 and in a recent report.” 

Byssinosis is an uncommon pulmonary disorder 
caused by organic dusts derived from cotton, flax, and 
hemp. It may first appear within weeks to months of 
onset of the occupational exposure, and takes more the 
form of an asthmatic bronchitis than involvement of the 
distal lung structures, such as occurs with the other 
organic dusts causing extrinsic allergic alveolitis. The 
basis for the lesions is not clear, but the evidence that 
they are hypersensitivity induced is not strong. 


TOBACCO SMOKING 


No discussion of disease related to air pollution 
would be complete without mention of the most com- 
mon and dangerous pollutant—tobacco smoke. This 
subject has been so widely heralded in lay and scientific 
reports and is so frequently cited throughout the book 
that only a brief summary is necessary here. Cigarette 
smoking, as is well known, is the principal offender, 
with a direct correlation between the level of exposure 
(number of cigarettes daily and years of use) and mor- 
bidity and mortality. In one report the overall current 
mortality rate for male cigarette smokers, irrespective 
of quantity, was 1.7-fold (70% excess mortality) greater 
than that of nonsmokers.™ In different terms, the life 
expectancy of a 30- to 35-year-old, two-pack-a-day male 
is about ten years shorter than a comparable nonsmoker. 
Low “tar” and nicotine cigarettes (less than 1.2 mg 
nicotine and less than 17.6 mg “tar’) lower the mortality 
ratio about 15 to 20%. Cigar and pipe smoking are not 
without risk but are significantly less hazardous than 
cigarette smoking. The “passive smoker’ in the imme- 
diate vicinity of the smoker is the proverbial “innocent 
bystander, but fortunately appears to be at only slightly 
increased risk of developing chronic bronchitis and some 
reduction in maximal exercise capacity. 

Although great emphasis has been placed (and with 
justification) on the role of cigarette smoking in the 
causation of bronchogenic carcinoma, there is a long 
roster of other diseases caused or contributed to by 
smoking. Presently it includes coronary heart disease; 
atherosclerosis; cancers of the larynx, oral cavity, esoph- 
agus, urinary bladder, pancreas, and kidney (in males); 
emphysema and chronic bronchitis (together producing 
chronic obstructive lung disease); peptic ulcer; and, 
with smoking during pregnancy, reduced birth weight 
and increased perinatal mortality. Coronary heart dis- 
ease is the chief contributor to the excess mortality 
among cigarette smokers. Habitual heavy use of ciga- 
rettes is a major risk factor for systemic atherosclerosis, 
including arteriosclerotic aneurysm of the aorta and 
ischemic peripheral arterial disease. Disorders of the 
lung (notably bronchogenic carcinoma, followed by 
chronic obstructive lung disease) and systemic athero- 
sclerosis are the second and third most important con- 
tributors to the excess mortality. Cigarette smoking has 
been rated as the major single cause of cancer mortality 
in the United States.* It is said to be responsible for 
about 83% of lung cancers among males and 43% among 
women (Fig. 10-10). As you recall from an earlier 
discussion (p. 240), tobacco smoke is a veritable 
“witches brew’ containing polycyclic aromatic hydro- 
carbons, aromatic amines, phenols, nickel and other 
metals, carbon monoxide, hydrocyanic acid, and other 
“delicacies.” Chronic obstructive lung disease related to 
pulmonary emphysema and chronic bronchitis not only 
exacts an increased death toll but is second only to 
coronary artery disease as a cause of smoking-related 
morbidity. No small wonder that cigarette smoking has 
been declared “the single most important environmental 


Figure 10—10. Bronchogenic carcinoma seen on transection of main 
stem bronchus (upper left) with marked narrowing of one branch 
(closed arrow) without involving the other (open arrow). (Courtesy 
of Dr. John Godleski, Brigham and Women’s Hospital.) 


factor contributing to premature mortality in the United 
States.’ 


CHEMICAL AND DRUG INJURY 


All chemicals or drugs in sufficient quantity are 
capable of causing injury or even death. About 10,000 
fatalities in the United States annually result from a 
self-inflicted overdose of these agents. One half are the 
deliberate action of those driven to take leave of this 
mortal coil ere their time. The other half are accidental 
deaths, and some (on the order of 100 to 200) are the 
consequence of busy, exploratory little hands. For every 
fatal accidental poisoning in children under the age of 5 
years, it is estimated that there are possibly 3000 
nonfatal accidental poisonings, adding up to the astound- 
ing number of about 300,000 annually. These mainly 
result from inhalation or ingestion of common agents or 
drugs found in most homes, such as cleaning fluids, 
polishing compounds, and aspirin. Some drug injuries 
fall into the category of iatrogenic disease from physi- 
cian-prescribed drugs. There are no reliable data on the 
annual number of fatal adverse drug reactions in the 
United States, but in all probability there are thousands. 
Only a sampling of these chemical and drug-induced 
injuries can be covered here. 
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THERAPEUTIC AGENTS: ADVERSE DRUG 
REACTIONS 


The search for better control of illnesses has led to 
ever more potent therapeutic agents, which regrettably 
at the same time often have greater potential for induc- 
ing iatrogenic disease. Some general comments on ad- 
verse drug reactions (ADRs) are offered first, followed 
by a consideration of a few frequently involved drugs. 
More details are available in specialized texts.” 

Few medical subjects have been more exploited for 
“scare” headlines in the lay press than ADRs. It has 
been asserted that “bad prescriptions’ kill tens of thou- 
sands a year.*© More sober analyses indicate that ADRs 
are responsible for about 2000 to 3000 deaths annually. 
Although each death is tragic, many are the result of a 
calculated risk knowingly assumed by the patient and 
doctor. A patient with leukemia may suddenly develop 
an acute blast crisis that threatens immediate death 
from leukostasis (plugging of blood vessels with leukemic 
cells). In a desperate effort to prolong life, large doses 
of cytotoxic or immunosuppressive drugs may be ad- 
ministered with full recognition of the potential of fatal 
opportunistic infections or a fatal bleed from suppression 
of thrombopoiesis. Should a drug-related fatality here 
be labeled an “adverse drug reaction?’ On the other 
hand, a fatal anaphylactic reaction in an individual taking 
prescribed penicillin for a respiratory viral infection, 
where penicillin is most unlikely to be effective, consti- 
tutes a deplorable adverse reaction. Clear distinction 
must be made, then, between unwarranted adverse 
reactions and those that follow the use of a potentially 
harmful drug for justified clinical reasons. The former 
have been referred to by Ingelfinger as “adverse drug 
reactions that count.” There is in fact no undisputed 
definition of an ADR, but the following is most accept- 
able: An adverse drug reaction constitutes any response 
to a medically employed drug which is noxious 
and unintended and which occurs at doses used in man 
for prophylaxis, diagnosis, or therapy, excluding failure 
to accomplish the intended purpose. In these terms, 
ADRs probably occur in 3 or 4% of general hospital 
patients and are fatal in about one-tenth of these in- 
stances. *® © 

Adverse reactions may arise for one of many rea- 
sons. 

1. Overdosage. This may occur by error, of course, 
but more often it represents a deliberate gamble im- 
pelled by the medical situation, e.g., the use of larger 
amounts of digitalis in a patient dying of cardiac failure 
and unresponsive to usual doses of the agent. 

2. Side effects. Streptomycin, for example, has a 
well-known toxicity for the inner ear. A particularly 
distressing side effect seen with increasing frequency is 
the development of a second neoplasm subsequent to 
the use of antineoplastics for a primary form of cancer. 
The risk with alkylating agents is well-known, but the 
alternative is less than optimal therapy of the primary 
tumor.®! © Analogously, doxorubicin (Adriamycin) and 
daunorubicin are extremely effective antineoplastics, 
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but both may induce myocardial injury (p. 602) (Fig. 
10-11). 

3. Extension effects. A marked hypoglycemic re- 
action may follow the use of a small dose of insulin in a 
patient who has marked reactivity to insulin. 

4. Drug interaction. The desired anticoagulation 
effect of coumarin may be dissipated by repeated si- 
multaneous use of phenobarbital. Barbiturates, you may 
remember (p. 27), induce the synthesis of more mixed- 
function oxidases in the liver that also metabolize cou- 
marin. Thus, the patient may develop a thrombotic 
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episode despite adequate therapeutic levels of cou- 
marin. 

5. Idiosyncrasy. Such adverse reactions are totally 
unpredictable: for example, anemia following one appli- 
cation of chloramphenicol ophthalmic solution. 

6. A hypersensitivity reaction to an agent. These 
may range from a relatively trivial fever or mild skin 
rash to life-threatening anaphylaxis.© It is worth noting 
that drug-induced anaphylactic death is most often 
related to penicillin. 

The limitations of space do not permit even a 


Figure 10-11. Doxorubicin (Adriamycin) cardiotoxicity. Electron micrograph reveals swelling of 
myofibers with loss of myofibrils (compare with normal in inset). There is also swelling of endoplasmic 


reticulum, producing small vacuoles (arrows) as well as large vacuole (upper left) (x 17,000) 


(Courtesy of Dr. Frederick Schoen, Brigham and Women’s Hospital.) 


cursory account of the particular agents involved in 
ADRs. In most analyses they fall into the following 
categories, in descending order of frequency: antibiotics, 
digitalis glycosides, antineoplastics, hypnotics and sed- 
atives, tranquilizers and antidepressants, insulin, anti- 
hypertensives, analgesics, and diuretics. The resultant 
reactions range widely, but five major patterns may be 
identified. 

1. Blood dyscrasias are common and serious ad- 
verse reactions. They may take the form of pancyto- 
penia, agranulocytosis, thrombocytopenia, hemolytic 
anemia, or megaloblastic anemia. Some of these reac- 
tions are known side effects of drugs such as anticancer 
agents; in other instances they represent immunologic 
hypersensitivity responses such as may occur with pen- 
icillin; but most distressing are the totally unexpected 
idiosyncratic reactions. 

2. Skin eruptions—macular, papular, vesicular, 
bullous, exfoliative, or urticarial—are frequent but for- 
tunately are generally not life-threatening. In addition, 
hypersensitivity responses such as may follow the use 
of barbiturates or sulfonamides may cause erythema 
multiforme or erythema nodosum. 

3. Hepatic reactions range from the more or less 
benign to the catastrophic. Fatty change (as may occur 
with tetracycline) or cholestasis (induced by androgens 
or chlorpromazine) is generally transient and reversible 


Figure 10—12. Cholestasis induced by chlorpromazine. Inspissated 
bile plugs can be seen in canaliculi between liver cells (single 
arrows) and in single ductule (double arrow). 


Chemical and Drug Injury 445 


when the drug is withdrawn (Fig. 10-12). More serious 
are the varying severities of acute to chronic drug- 
induced hepatitis. Massive hepatic necrosis, as may be 
produced by halothane, is often fatal. 

4. Renal reactions may be trivial with transient 
proteinuria or hematuria, or fatal. In some instances 
these reactions are predictable because of the known 
nephrotoxicity of such drugs as amphotericin, but often 
the renal toxicity is the consequence of a hypersensitiv- 
ity reaction such as sometimes follows the use of sulfon- 
amides. 

5. Lung reactions are a well-known threat with the 
use of certain agents such as bleomycin, ranging from 
pulmonary congestion, edema, and hemorrhage to the 
more ominous interstitial fibrosing pneumonitides. 

Some of the more common offenders and their 
possible consequences are presented in Table 10-2. 


Analgesics 


Analgesics have the potential for mischief largely 
because they are popped into mouths as often and as 
freely as candy. Particularly implicated in adverse re- 
actions are aspirin (acetylsalicyclic acid) and proprietary 
mixtures of aspirin, phenacetin, caffeine, and acetamin- 
ophen. About 30 million pounds of aspirin are produced 
each year in the United States! Adverse reactions to 
this drug may result from direct toxicity or a hypersen- 
sitivity reaction. Before safety packaging was _ intro- 
duced, accidental deaths in infants and children were 
all too frequent from the ingestion of 2 to 4 gm (6 to 12 


Table 10-2. COMMON DRUGS RESPONSIBLE FOR ADVERSE 
REACTIONS 


Hepatic Reactions 


Blood Dyscrasias 


Pancytopenia Hepatitis to massive necrosis 
Chloramphenicol Halothane 
Phenytoin Methoxyflurane 
Trimethadone Methyldopa 
Cytotoxics Isoniazid 

Agranulocytosis Phenytoin 


Chloramphenicol 
Sulfonamides 


Tetracyclines 
Cholestatic Jaundice 


Phenylbutazone Phenothiazines 
Indomethacin Chlorpromazine 
Cytotoxics Androgens 
Thrombocytopenia Oral contraceptives 
Quinidine Erythromycin 
Quinine Renal Reactions 
Furosemide Penicillamine 
Aspirin Sulfonamides 
Indomethacin Penicillin 
Hemolytic Anemia Phenindione 
Methyldopa Phenacetin 
Levodopa Amphotericin 
Isoniazid Lung Reactions 
Sulfonamides Bleomycin 
Penicillin Busulfan 
Dermatologic Reactions Methotrexate 
Penicillin Nitrofurantoin 
Sulfonamides Azathioprine 
Barbiturates 
Phenytoin 


Phenylbutazone 
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adult-size tablets) at one time. One dose of 15 gm is 
fatal in adults. The toxic reaction is marked by severe 
metabolic derangements. High blood levels of aspirin 
stimulate the respiratory centers, producing at first a 
respiratory alkalosis as excessive amounts of CO, are 
blown off. Compensatory mechanisms then lead to a 
metabolic acidosis with excessive excretion of sodium, 
potassium, and water. A serious, even fatal, hypokalemia 
may result. The syndrome is further complicated by the 
almost invariable concurrence of severe vomiting (re- 
lated to the aspirin-induced gastritis) with its additional 
losses of fluid, acid salts, and other electrolytes. You 
recall that aspirin also blocks cyclooxygenase, which is 
the key enzyme in the synthesis of prostacyclin (PGI,) 
and thromboxane A, (p. 54). The net effect is a bleeding 
diathesis related either to the antiaggregating action of 
prostacyclin, or to thrombocytopenia secondary to the 
widespread platelet aggregation induced by the throm- 
boxane. Thus, petechial hemorrhages may appear in the 
skin as well as in the internal viscera and _ serosal 
membranes. In children, high levels of toxicity some- 
times produce microvesicular fatty change in the liver, 
resembling that seen in Reye’s syndrome (p. 941). At 
the same time aspirin has a potent effect on the gastric 
mucosal barrier, leading to erosive hemorrhagic gastritis 
(p. 809). This gastric reaction, however, may be bene- 
ficial because it sometimes initiates prompt and copious 
vomiting that expels the unabsorbed drug. Most often, 
death is preceded by a period of coma. When seen 
early, most victims can be saved by gastric lavage, 
hemodialysis, and effective control of the blood pH and 
serum electrolytes. 

Hypersensitivity reactions to aspirin take many 
forms, such as an asthmatic attack, a multiform skin 
rash—erythema, angioedema, urticaria, eczema, even 
extensive desquamation—or, worst of all, an anaphylac- 
tic attack.“ 

Chronic analgesic abuse with the consumption of 
large amounts of proprietary mixtures for long periods 
of time may cause a potentially fatal renal disease 
referred to as chronic interstitial nephritis or analgesic 
nephropathy, discussed in detail on page 1037. It is 
only necessary here to point out that the particular 
agent implicated is still uncertain, but greatest suspicion 
is directed at phenacetin or a combination of phenacetin 
and aspirin. Almost always, affected individuals have 
consumed more than 3 kg of analgesics (and sometimes 
up to 30 kg) over the span of years. Anemia and gastritis 
may accompany the renal involvement. 
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Barbiturates 


An overdose of barbiturates has long been in vogue 
as a method of suicide. Accidental poisoning is also 
encountered, particularly in children and in adults who 
unknowingly take excessive amounts of these drugs. 
There is a wide range of individual susceptibility to 
barbiturates, and relatively small amounts may induce 
dangerous blood levels in some. Furthermore, alcohol 
and the barbiturates produce additive depressant effects 


on the central nervous system. Both agents are metab- 
olized in the liver by the mixed-function microsomal 
oxidase system and, while the body will adapt to the 
continued exposure to barbiturates and to some extent 
to alcohol, the latter, in sufficient amounts, may damage 
the liver cell and render it unable to metabolize barbi- 
turates. Similarly, any liver disease impairs the metab- 
olism of barbiturate and permits it to reach toxic levels 
in the blood even after relatively moderate doses. 

It is difficult to set a specific lethal threshold for 
the barbiturates because of the many factors that influ- 
ence their pharmacodynamics. The short-acting barbi- 
turates, such as secobarbital, are in general more toxic 
than the long-acting, such as phenobarbital. Even in 
the absence of the predisposing influences mentioned 
above, as little as 3 gm of the short-acting barbiturates 
or 5 gm of the long-acting agents may be potentially 
fatal in the normal adult. Contrariwise, recovery of an 
attempted suicide has been reported after an overdose 
as large as 30 gm of phenobarbital. 

The anatomic changes found after a fatal overdose 
depend on the rapidity of death, and may be remarkably 
few. When first ingested, and with relatively small 
doses, barbiturates depress brain function only at the 
higher centers; with time and increasing dosage, the 
vital lower centers are depressed as well, including 
those in the medulla. Depression of the respiratory 
centers may slow the breathing rate sufficiently to 
produce respiratory acidosis and systemic hypoxia. The 
combined effects of the hypoxia and the direct action of 
the drug on the medullary vasomotor centers may 
induce vascular collapse and shock (p. 112). 

With survival for a few days the respiratory depres- 
sion predisposes to the development of bronchopneu- 
monia, worsening the hypoxia. Sometimes the hypoxia 
is sufficiently marked to damage the renal tubules. In 
addition, skin and blood vessel lesions may also develop 
in these patients, perhaps from hypersensitization to 
the drug or its metabolites (which presumably act as 
haptens). Large bullous vesicles are the most common 
form of skin reaction. These lesions are so typical as to 
be referred to as “barbiturate blisters.” In some patients, 
generalization of the bullous lesions produces exfoliative 
dermatitis. In others, the skin changes take the form of 
an itching maculopapular rash—so-called eczematous 
dermatitis (p. 1282). Occasionally, widespread hyper- 
sensitivity angiitis develops, closely resembling polyar- 
teritis nodosa (p. 520). Despite its depressant action on 
the brain, in many cases the neuronal changes are 
exceedingly scanty or take the form of nonspecific 
hypoxic injury; thus, even in fatal cases, the diagnosis 
of this form of poisoning rests largely on chemical 
identification of the drug in body fluids and tissues. 


Estrogens and Oral Contraceptives (OCs) 


The potential dangers involved in the use of estro- 
genic preparations and oral contraceptives (as formu- 
lated in the past) have long been issues of contention, 
and to some extent still are. However, the accumulating 


evidence now permits some reasonably firm conclusions. 
Turning first to estrogens, there is now fairly general 
agreement that elevated endogenous levels of estrogens 
and prolonged use of exogenous estrogens induce an 
increased incidence of endometrial cancer (p. 1138). 
The relative risk of exogenous agents increases with 
duration of use and dosage, and in various surveys 
ranges from four- to 15-fold with more than five years 
of use.® % In addition, clear cell adenocarcinoma of the 
vagina has occurred in the teen-aged offspring of moth- 
ers who had taken diethylstilbestrol during the preg- 
nancy.® Fortunately, the risk appears to be quite small 
since the vaginal neoplasm has appeared in only 0.14% 
of these young women. More often, only the benign 
precursor lesion—adenosis of the vagina—develops. 
Most of the evidence indicates that estrogens act as 
tumor promoters, as discussed on page 239. 

The relationship of exogenous estrogens to the 
induction of breast carcinoma is still being argued. 
Basically similar studies have come to remarkably dis- 
similar conclusions. Most analyses report no increased 
risk even after long-term use of diethylstilbestrol,® ” 
but a few find a small increase in risk—usually less than 
twofold.”! One retrospective survey disclosed an even 
stronger association (tenfold increased risk) between 
exogenous estrogens and breast cancer among naturally 
menopausal women 45 to 54 years of age, but this 
discrepant finding requires confirmation. ” 

In addition to their potential oncogenicity, estro- 
gens may have other adverse effects. The long-term use 
of estrogens (and oral contraceptives) has more than 
doubled the risk of the development of gallstones in 
women.” In addition, estrogen therapy for prostatic 
cancer has been reported to increase the mortality rate 
from coronary heart disease, presumably by predispos- 
ing to coronary thrombosis, but another report suggests 
that menopausal estrogen therapy protects women from 
this form of heart disease.”* It is obvious that the 
relationship of estrogens to heart disease is far from 
settled.” 

Oral contraceptives (OCs) as formulated in the past 
two decades have undoubtedly had adverse effects, both 
in terms of morbidity and mortality. Thus, the formu- 
lations have been significantly changed within the past 
few years with withdrawal of sequential OCs and reduc- 
tion in the estrogenic and progestogenic dosages in the 
combined pills. Adequate data are not yet available on 
the risks, if any, incurred in the use of these “mini- 
pills.” The data presented here relate to past use of 
combined preparations, but they have pertinence be- 
cause they point to possible future dangers and their 
long-term effects are still being expressed. Precise mor- 
bidity and mortality rates vary among the many analyses 
available and so only the following generalizations are 
warranted. 

1. Overall, OC users experienced a fivefold higher 
death rate from circulatory disease than “never-users.” 
Included in this designation are: myocardial infarction, 
venous thromboses with pulmonary embolism (Fig. 10- 
13), subarachnoid hemorrhage, cerebral hemorrhage, 
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Figure 10—13. Pulmonary saddle embolus at bifurcation of pulmo- 
nary artery to right lung in a 34-year-old woman with six years of 
use of oral contraceptives. (Courtesy of Dr. John Godleski, Brigham 
and Women’s Hospital.) 


i ve "# ee 
: gy 
sd > 3 $ 
ey 


malignant hypertension, cardiomyopathy, and mesen- 
teric artery thrombosis. 

2. With use for five years or more there is an even 
greater risk of death from circulatory disease, but a few 
studies do not correlate risk with duration of use.*° 

3. These risks do not apply to all women equally; 
women over 35 face the greatest hazards. 

4, Cigarette smoking (by itself a well-known pre- 
disposition to many circulatory diseases) multiplies the 
danger of many forms of circulatory disease two- to 
fivefold. 

5. Among nonsmoking women under 35 years of 
age, there is an increased risk but it is very small. In 
contrast, smoking women over 35 years of age have the 
highest risk of death from circulatory disease. 

6. After fewer than five years of use of OCs, 
discontinuance restores control levels of risk within a 
month. With more than five years of past use, the risk 
remains slightly above control levels, especially that of 
subarachnoid hemorrhage. 

The use of OCs then significantly increases the risk 
of potentially fatal circulatory diseases, particularly in 
women over the age of 35 and with concurrent heavy 
use of cigarettes. However, risk estimates must be 
placed in the context of the frequency of the disease. 
Myocardial infarction, for example, is extremely uncom- 
mon in premenopausal women in the absence of such 


448 


well-defined risk factors as hypertension, cigarette 
smoking, and hyperlipoproteinemia. Thus it has been 
pointed out that a fivefold increased risk of death from 
circulatory disease among OC users means a reduction 
in the chances of survival during a year from 99,995 to 
99,975 per 100,000 women, representing two-hun- 
dredths of 1%.*! Moreover, the risks must also be placed 
in the context of those involved in unwanted pregnancies 
where other methods of contraception are not readily 
available or are unacceptable. 

Understandably, a great deal of attention has been 
directed to the possible effects of long-term use of OCs 
on the incidence of cancers of the breast and reproduc- 
tive system. Indeed, sequential preparations were with- 
drawn from the marketplace because one (Oracon) was 
implicated in the induction of endometrial carcinoma. 
There is no evidence that combination OCs have in- 
creased the frequency of endometrial neoplasia. The 
issue is less clear with respect to cervical cancer because 
of so many confounding variables, discussed on page 
1124. However, a recent report points to an increased 
risk of this form of cancer with combined OCs, partic- 
ularly after more than five years of use.*'* On the 
contrary, they may exert a protective effect against 
endometrial cancer” and also possibly a protective effect 
against ovarian cancer in women who have reached 40 
to 60 years of age, but not in younger women.” *4 
When we turn to OCs and breast cancer, the issue is 
confused and confusing. There are reports of “no-risk, °° 
others pointing to “a slightly increased risk,”™ and still 
others indicating “a substantially increased risk” but 
only among premenopausal women and particularly after 
more than five years of OC use by women under 25 
who have had no pregnancies.* It is fruitless to attempt 
to resolve these differences; for the present it is prudent 
to consider the weight of evidence as favoring “some 
risk, but how much is unclear.” It is of interest in this 
connection that OC use exerts a clear-cut protective 
effect against benign cystic hyperplasia and fibroaden- 
oma of the breast.*! The extent of protection appears to 
correlate with the duration of use; with four or more 
years of use the risk of developing benign breast disease 
is about halved. A similar level of protection against 
rheumatoid arthritis has been reported.** Finally, a 
predisposition to the rare liver cell adenoma and a much 
less substantial predisposition to hepatocellular carci- 
noma have been associated with long-term use.* Al- 
though the relative risk with the liver cel] adenoma is 
very high, the great rarity of this form of benign 
neoplasia keeps the incidence very low. The data are 
less well-defined with hepatocellular carcinomas but, 
once again, in the absence of well-defined predisposing 
factors (discussed on p. 936) this form of cancer is most 
uncommon in premenopausal women. It is evident that 
OCs pose the proverbial problem—do the risks out- 
weigh the benefits? 
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NONTHERAPEUTIC AGENTS 


The particular agents discussed in the following 
section were selected because of the following consid- 


erations: (1) the frequency of adverse reactions to the 
agent, (2) the potential clinical gravity of the reaction, 
or (3) the current interest in the agent(s) as a societal 
and environmental problem. 


Ethyl Alcohol 


Excessive consumption of ethanol has assumed 
epidemic proportions in both developed and developing 
countries. It is estimated that 8 to 12% of the adult 
American population (as well as those of other indus- 
trialized nations) are heavy drinkers. Of even greater 
concern is the growing problem of teenage alcohol 
abuse. It is fruitless to enter into the controversy on 
the definition of “heavy drinking” or “alcohol abuse’; 
defining it is as difficult as characterizing pornography, 
about which one sage Justice of the Supreme Court of 
the United States said, “I cant define pornography but 
I know it when I see it.” Operationally, drinking can 
be considered excessive when it adversely affects health, 
work performance, or psychologic and societal relation- 
ships. 

Bypassing the psychologic and sociologic aspects of 
alcohol abuse, from the medical standpoint it can be 
crudely divided into acute and chronic alcoholism. The 
functional effects of acute alcoholism are well known to 
any college student. Less well-known is the growing 
evidence that chronic ethanol consumption has wide- 
ranging deleterious effects on the cells and organs of 
the body quite apart from associated nutritional deficits. 

Acute alcoholic intoxication is directly related to 
blood alcohol levels. Following ingestion ethanol is 
absorbed unaltered, largely in the small intestine but 
some in the stomach. Concomitant consumption of food 
slows the rate of absorption by delaying the emptying 
time of the stomach. After absorption, the alcohol is 
distributed to all the tissues and fluids of the body in 
direct proportion to the blood level. Less than 10% of 
the absorbed alcohol is excreted unchanged in the urine, 
sweat, and breath. The remainder is metabolized in the 
liver, largely by the cytoplasmic enzyme alcohol dehy- 
drogenase, requiring NAD (nicotinamide adenine di- 
nucleotide) as a cofactor.*’ Two additional pathwavs may 
participate in ethanol oxidation, a catalase—IT,O,-—and 
a microsomal ethanol oxidizing system, but the quanti- 
tative contribution these pathways make in the absence 
of alcoholic liver damage is small.°* The major dehydro- 
genase pathway catabolizes alcohol first into acetalde- 
hyde, which is then converted by a hepatic acetaldehyde 
dehydrogenase to acetyl CoA and acetate, and ultimately 
into CO, and water. 

The rate of metabolism of alcohol is relatively 
constant—about 150 mg per kg of body weight per hour 
(about 1 oz 90-proof whiskey or 10 0z beer per hour). 
There is some evidence that chronic alcoholics develop 
some tolerance by virtue of an increased rate of metab- 
olism. Indeed, modest elevations in blood alcohol levels 
in chronic alcoholics may improve their performance. 
Chronic exposure leads to some poorly defined adaptive 
capacity to perform motor and cognitive tasks at blood 
alcohol levels that would affect the uninitiated.*® To 


date, no inborn errors of alcohol metabolism have been 
identified to corroborate the “Honest, honey, all I had 
was one beer.” 

Acute alcoholism exerts its effects mainly on the 
central nervous system, but as is evident on page 920, 
it may induce changes in hepatic structure remarkably 
quickly. Alcohol is a depressant of the central nervous 
system, affecting first subcortical structures (probably 
the high brain stem reticular formation) that modulate 
cerebral cortical activity. It should be sobering that 
acute alcoholism contributes significantly to over 50% 
of motor vehicle fatalities. At progressively higher blood 
levels lower medullary centers may be affected, includ- 
ing those regulating respiration, and respiratory arrest 
may follow. These neurologic effects may relate to 
impaired mitochrondrial function, but neuronal struc- 
tural changes are usually not evident in acute alcohol- 
ism. Occasionally, in fatal cases, there is cerebral edema, 
possibly secondary to hypoxia. 

There is a reasonable correlation between blood 
alcohol levels and the depth of impairment of CNS 
function in nonhabituated drinkers. In individuals of 
average size, consumption of 180 ml of distilled spirits 
on an empty stomach in a relatively short time will 
result in a blood alcohol level of approximately 100 mg 
per 100 ml. This level will induce obvious ataxia and is 
considered by most jurisdictions as the legal upper limit 
of sobriety. Drowsiness occurs at about 200 mg per 100 
ml, stupor at 300 mg, and 400-500 mg will produce 
profound anesthesia, if not death. Fortunately, fatal 
levels are rarely encountered because “blessed stupor’ 
intervenes. Even when large quantities are gulped 
rapidly with more bravado than brains, life-saving vom- 
iting often occurs because of gastric irritation. 

Chronic alcoholism is associated with a variety of 
morphologic alterations elegantly detailed by Edmond- 
son.*°4 However, nutritional deficiencies, drug addic- 
tion, and infections often accompany the chronic alco- 
holism, and so it has been difficult to segregate the toxic 
effects of alcohol from these other confounding influ- 
ences. In addition, some of the adverse effects may 
relate to the resulting blood levels of acetaldehyde 
rather than to the alcohol per se.” Thus, some prefer 
to designate the following changes “alcohol-related con- 
ditions.” Notwithstanding, experimental studies indicate 
that administration of alcohol to laboratory animals 
induces a variety of adverse effects on cells and organs. 
Mitochondrial changes have been noted in hepatocytes 
and other cells.% Indeed, there is convincing evidence 
that alcohol is a direct hepatotoxin in humans that 
induces fatty liver (p. 920) and subsequently, in many 
instances, alcoholic cirrhosis (p. 917). Chronic alcohol 
abuse is the major cause of cirrhosis in most industrial- 
ized countries.”! In addition, alcoholics are prone to a 
variety of forms of cancer—oropharynx (excluding lip), 
larynx, esophagus, and, through the intermediation of 
cirrhosis, hepatocellular carcinoma. Cigarette smoking 
multiplies the cancer risk many times.” They also are 
prone to gastrointestinal derangements including esoph- 
ageal lacerations (p. 800), gastritis (p. 809), peptic ulcer 
(p. 814), and chronic relapsing pancreatitis (p. 966). In 
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all of these conditions it is likely that alcohol is only one 
contributing influence. Striated muscle damage is also 
more frequent in alcoholics than in casual drinkers, 
inducing what has been referred to as alcoholic cardio- 
myopathy and alcoholic myopathy.™ The changes range 
from regressive alterations in the mitochondria and 
endoplasmic reticulum to more overt cell necroses.” 
The nervous system, as might be expected, is affected 
in chronic alcohol abuse. Peripheral neuritis with de- 
generation of myelin sheaths is a well-known complica- 
tion in these individuals, but it might largely be attrib- 
utable to concomitant vitamin deficiencies, particularly 
of thiamine. Cerebral atrophy with intellectual impair- 
ment and cerebellar atrophy have been directly related 
to chronic alcohol toxicity.” Similarly and most unhap- 
pily the heavy use of ethanol during pregnancy has 
resulted in growth retardation and irreversible mental 
deficiency in the child.” With regard to these neurologic 
changes, other contributing influences have not been 
rigidly excluded. For example, the Wernicke-Korsakoff 
syndrome (p. 1421), virtually restricted to chronic al- 
coholics, responds in most instances to thiamine ther- 
apy. Thus, chronic alcoholism is associated with a variety 
of adverse effects, but with some individuals it may only 
be one of the contributing influences. 


Methyl Alcohol 


Methyl! alcohol is more widely available than is 
generally appreciated. It may be used to denature 
ethanol and is found in solvents, Sterno, paint removers, 
and antifreezes. The toxic dose may be as small as 20 
ml. Poisoning may also result from the inhalation of 
fumes in industry. When ingested, methy] alcohol 
causes patchy edema and hemorrhages in the stomach. 
On inhalation, edema and hemorrhage occur into the 
lung tissues, chiefly in the subpleural regions. However, 
methy] alcohol exerts it prime toxic effect after absorp- 
tion by its oxidation to formaldehyde and formic acid, 
which in sufficient amounts inhibit hexokinase activity. 
A metabolic acidosis follows, related in part to the 
formation of formic acid and in part to depressed hexo- 
kinase function. At the same time, both metabolites, 
principally the formaldehyde and the deranged glucose 
metabolism, cause degeneration of the receptor cells of 
the retina with associated degeneration of the optic disc 
and nerve. 

Although methanol and its derivatives, once ab- 
sorbed, are widely distributed in the body, proportional 
to the water content of the various tissues, it is hypoth- 
esized that it exerts its principal effect on the retina, 
owing to the high water content of the eye.” Swelling 
of the brain and brain stem may also occur, accompanied 
by marked congestion of the cerebral vessels. Degen- 
erative changes may develop in 12 to 24 hours in the 
cortical nerve cells with exposure to large doses. The 
central nervous system and retinal damage accounts for 
the major clinical features of the poisoning—variable 
degrees of central nervous system depression to frank 
coma and visual impairment—which sometimes results 
in total blindness. Both the eye and brain changes are 
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reversible if the injury is mild, and recovery is possible 
with effective treatment and cessation of exposure. 


Carbon Monoxide 


Carbon monoxide (CO) is a nonirritating, inert gas, 
without color, taste, or odor, produced by the imperfect 
oxidation of combustible, carbon-containing material. It 
is released by internal combustion engines, improperly 
vented furnaces, and industrial processes that burn fossil 
fuels. Natural gas, in contrast to the illuminating gas 
produced in the past, contains no CO. Inhalation of a 
1% concentration of CO may prove fatal within 10 to 20 
minutes, depending on the degree of physical activity 
and the respiratory rate of the individual. Some concept 
of the apparent insignificance of this fatal level can be 
gained from the fact that the exhaust from automobile 
motors contains approximately 7%. Indeed, it has been 
estimated that the average car in a small closed garage 
would create lethal levels within five minutes. Since the 
absorption of this agent may be cumulative, toxic effects 
depend on the total exposure, i.e., the concentration in 
the inspired air and the duration of exposure. Levels 
lower than 1% in the inspired air may cause slowly 
developing, delayed damage and result in death even 
after removal from further exposure. 

Carbon monoxide acts as a systemic asphyxiant. Its 
affinity for hemoglobin is 200 times greater than that of 
oxygen. The formation of a relatively stable carboxy- 
hemoglobin destroys the oxygen-carrying capacity of 
hemoglobin. Symptoms related to a systemic hypoxia 
begin to appear when the hemoglobin is 20 to 30% 
saturated with carbon monoxide. When the hemoglobin 
is 60 to 70% saturated, unconsciousness and death are 
likely. Lower levels may produce mental confusion that 
renders the victim incapable of self-help. Once car- 
boxyhemoglobin is formed, the body rids itself of it 
slowly over the span of days, as the carbon monoxide is 
displaced by the pressure and mass action of inspired 
oxygen. The hypoxia most profoundly affects the central 
nervous system. 

ACUTE POISONING. In acute, fatal cases the blood 
appears a bright cherry-red and produces marked hy- 
peremia of all the tissues. Striking hyperemia, edema, 
and diffuse punctate hemorrhages throughout the cere- 
bral hemispheres are frequent, but more obvious hy- 
poxic neuronal changes are infrequent. Rarely, in the 
acute case, the muscle cells of the myocardium, the 
hepatic cells, and the epithelial cells of the proximal 
convoluted tubules of the kidneys suffer from hypoxic 
fatty damage. Death usually ensues too rapidly in acute 
monoxide poisoning to permit the full development of 
these visceral lesions. 

In fatal exposure, the brain hypoxia leads to the 
insidious onset of loss of consciousness, progressing into 
deep coma and death. When the exposure has not been 
too great and the tissue hypoxia not too profound, 
complete recovery is possible without residual defects. 
However, central nervous system residuals, such as 
impairment of memory, vision, hearing, and speech, 
may remain in some patients after recovery.” 


CHRONIC POISONING. Chronic poisoning may result 
from prolonged inhalation of relatively low levels of 
monoxide gas. This low-grade hypoxia insidiously gives 
rise to changes in the central nervous system. Degen- 
eration of the cortical and nuclear ganglion cells may be 
widespread or may take the form of patchy, asymmetric 
lesions. The most common finding is symmetric degen- 
eration of the basal ganglia, particularly the lenticular 
nuclei. Hypoxic degenerative fatty changes in the 
kidney, liver, and heart are much more common in 
chronic intoxication than in acute. Clinically, in addition 
to the insidious onset of disturbances in brain function, 
these chronically exposed patients may suffer from renal, 
hepatic, or cardiac failure, which results in death days 
or weeks after the last exposure. However, chronic 
poisoning is usually nonfatal, and complete recovery is 
the rule. It should be emphasized that the tissue lesions 
of monoxide poisoning are not pathognomonic but 
merely reflect nonspecific severe hypoxemia. 


Kerosene 


Kerosene is one of the most frequent forms of 
accidental poisoning in children living in rural areas and 
among lower income groups where homes are heated 
by kerosene stoves. The victims generally range in age 
from one to six years. Presumably they mistake the 
colorless liquid for water or they are enticed into tasting 
the pink or blue fluid created by the introduction of 
dyes into the kerosene. Although kerosene may be 
ingested, the major clinical manifestations of this poi- 
soning result from inhalation of the agent with the 
induction of a fulminant bronchopneumonic process 
having the characteristics of a lipid pneumonia (p. 749). 
Kerosene is also a narcotic and produces drowsiness and 
somnolence so that the onward progression of the res- 
piratory symptoms in the sleeping unobserved child 
may pass unnoticed until too late. 


Chloroform and Carbon Tetrachloride 


Chloroform and carbon tetrachloride are infrequent 
causes of accidental and occupational poisoning. Both 
products are used in the home and in industry as 
components of cleaning fluids and degreasing agents. 
There is marked individual susceptibility to both so that 
similar levels of exposure may produce widely differing 
severities of injury. Chloroform and carbon tetrachloride 
toxicity induce central fatty change and, when more 
severe, necrosis of the liver (Fig. 10-14). Chronic alco- 
holism appears to potentiate this toxicity. When inhaled 
in sufficiently large amounts, these agents may cause 
profound central nervous system depression and death. 
Lower levels of exposure may lead to extensive necrosis 
of the renal tubular epithelium. The pathogenesis of 
these cell injuries was discussed earlier on page 12. If 
the hepatic and renal damage is sufficiently limited to 
permit survival, regeneration of preserved cells may 
restore both structure and function. Large amounts of 
both carbon tetrachloride and chloroform are retained 
in fat tissues throughout the body. The slow release of 
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Figure 10-14. CCl, hepatotoxicity with necrosis of cells about 
central vein and fatty change in surrounding cells. 
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these stores into the blood, and then the breath, permits 
the clinical diagnosis of these intoxications long after 
exposure. } 


Insecticides 


The widespread use of these agents in the past and 
their well-established toxicity for animal life have justi- 
fiably evoked a great deal of concern. Indeed, fatal 
poisonings by pesticides have been reported. However, 
controls on the use of these agents in the United States 
have led to a decreasing number of annual fatalities. ' 
Many more nonfatal poisonings must have occurred. 

Insecticides fall into two broad classes: (1) chlori- 
nated hydrocarbons (e.g., aldrin, chlordane, DDT, diel- 
drin, heptachlor, and lindane) and (2) organophospho- 
rous compounds (e.g., malathion and parathion). Human 
exposure is, of course, greatest among those involved 
in the manufacture of these agents, and farmers or 
commercial sprayers who use them frequently. Absorp- 
tion may occur through the respiratory, skin, or gas- 
trointestinal routes. Since these agents are very resistant 
to degradation, they persist in soil and water and so 
contaminate all levels of the human food chain. Analyses 
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have revealed traces of DDT in many animal products, 
vegetables, and fruits, including infant foods and milk.'® 
Both categories of pesticides are lipophilic and accu- 
mulate in fat stores through the body. Because of their 
persistence, toxicity may result from chronic exposure 
to small daily increments. 

The chlorinated hydrocarbons principally affect the 
central nervous system and at first induce hyperexcita- 
bility, which may be followed by delirium and convul- 
sions. This phase may be followed by progressive central 
nervous system depression with paralysis, coma, and 
death. In experimental animals, similar neurologic ef- 
fects (accounting for their effectiveness as insecticides) 
are associated with pyknosis and shrinkage of the gan- 
glion cells of the cerebral cortex and spinal cord. Chronic 
exposure in humans has induced fatty change in the 
liver, which may progress to liver necrosis. Adrenal 
necroses have been observed in dogs, but not in hu- 
mans. However, it is of interest that analogs of DDT 
have been used clinically in the treatment of some 
adrenal hyperfunctional states. 

The organophosphorous insecticides are basically 
inhibitors of acetylcholinesterase. Thus, acetylcholine 
accumulates at synaptic junctions and induces a range 
of neurologic manifestations, the most serious of which 
are muscle twitching that progresses to flaccid paralysis 
and cardiac arrhythmias. Ultimately, respiratory depres- 
sion and coma may lead to death. 

It is well that the potential hazards of these insec- 
ticides have been recognized and their use controlled, 
but at the same time their potential usefulness cannot 
be ignored. 


Polychlorinated Biphenyls (PCBs) 


The PCBs are closely related chemically to DDT. 
Indeed, there is a fear that DDT vapor may be trans- 
formed by the ultraviolet rays in sunlight into PCBs. 
Once widely used in paper coatings, printing inks, 
adhesives, and hydraulic fluids, the industrial use of 
PCBs has been restricted to “closed” systems in trans- 
formers and capacitors because of their toxicity.’ How- 
ever, humans are still exposed to these toxic agents 
from the open burning and incineration of industrial 
and municipal wastes, by vaporization from coatings, 
and from their disposal into municipal sewers and 
industrial waste dumps. In Japan, toxicity from PCBs 
was traced to contaminated cooking oils.!° The extreme 
persistence of PCBs in the environment is of major 
concern, since they are resistant to all natural processes 
of decay. It is estimated that 25,000 tons of PCBs are 
added each year to the expanding environmental bur- 
den, creating an impressive reservoir of toxicity. 

In humans, PCBs induce such disorders as chlor- 
acne, impaired vision, impotence, and possibly infertil- 
ity. These changes may not appear for many months 
after exposure. Toxicologic studies in animals have re- 
vealed immunosuppression; hepatic, renal, and intes- 
tinal lesions; and reproductive defects. One is driven to 
ask: Is there no satisfactory substitute for these chemi- 
cals? 
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Mushroom Poisoning 
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Many species of mushrooms are toxic and cause 
usually nonfatal gastrointestinal or cardiac disturbances 
but a few, Amanita muscaria and particularly A. phal- 
loides, may be lethal. 

Amanita muscaria contains a parasympathomimetic 
alkaloid-muscarine, as well as other substances, which 
act on the central nervous system. These induce symp- 
toms principally of parasympathetic stimulation: pupil- 
lary constriction, sweating, salivation, nausea, vomiting, 
diarrhea, abdominal pain, bradycardia, dyspnea, and 
hypotension. In severe poisoning, confusion, hyperex- 
citability, and delirium may appear. Although death 
may occur following ingestion of A. muscaria, recovery 
is the rule with supportive therapy. A. phalloides, in 
contrast, induces a 30 to 50% fatality rate. Two toxins 
have been identified in this “angel of death.” One, 
known as phallin, is a thermolabile hemolysin that is 
destroyed by cooking and digestion and so plays little 
role in the potentially fatal outcome. The other toxin, 
called amanitin, combines with and inhibits RNA polym- 
erase and so blocks the synthesis of messenger RNA. 
For six to 24 hours following ingestion there are no 
symptoms, but then marked nausea, violent abdominal 
cramps, vomiting, diarrhea, and cardiovascular collapse 
become manifest. In severe intoxications, headache, 
confusion, convulsions, and coma follow and often lead 
to death. The major morphologic changes are found in 
the liver and kidneys, but skeletal muscle, heart, and 
the neurons in the brain may also suffer damage. The 
hepatic damage takes the form of centrilobular and 
sometimes massive necrosis. The kidney usually reveals 
fatty changes and necrosis of the proximal convoluted 
tubules. If the victim survives, hepatic fibrosis, resem- 
bling that seen in postnecrotic cirrhosis (p. 923), may 
remain as a permanent residual. 


Cyanide 


No substance lends itself better to “evil doings” 
than cyanide. Less than 0.1 gm of a highly absorbable 
inorganic salt may be lethal. It acts as a cellular as- 
phyxiant by combining with the trivalent iron of cyto- 
chrome oxidase, disrupting oxidative respiration. The 
most pleasant comment that can be made about this 
poison is that nitrite constitutes a highly effective anti- 
dote if administered soon enough. Nitrite converts 
hemoglobin into methemoglobin, which successfully 
competes for the cyanide complexed to cytochrome 
oxidase. With dissociation of the oxidase-cyanide com- 
plex, enzymatic function and cell respiration are re- 
stored. 

Poisoning may result from the inhalation of hydro- 
cyanic acid gas with such rapid absorption that death 
may occur within minutes. The ingestion of inorganic 
salts or cyanide-containing organic compounds kills 
more slowly, possibly within a few hours (depending on 
dosage).' It is worthy of note that the seeds and pits 
of certain fruits and plants (peach, apricot, bitter al- 
mond, wild black cherry) harbor cyanide-containing 


substances such as amygdalin that may release the 
poison on digestion. Indeed, cyanide poisoning has been 
reported from the use of laetrile, which contains an 
extract of apricot pits.!°’ Parents of young children 
should be alerted to the fact that elderberry and hy- 
drangea plants also contain trace amounts of cyanide. 
However, the poison is not cumulative and is detoxified 
in the body to thiocyanate. Toxic levels depend, there- 
fore, on rates of absorption and detoxification. 

The clinical course of acute cyanide poisonings is, 
as mentioned, extremely brief. The first symptom to 
appear is rapidly progressive dyspnea related to literal 
strangulation of every cell in the body. At autopsy, there 
may be petechiae in the skin, mucous membranes, and 
serosal membranes.’ It is not clear whether these 
lesions result from generalized vascular injury or from 
the combination of profound hypoxia and the severe 
convulsive seizures. Particularly characteristic is the 
cherry-red color of the fully oxygenated blood (reminis- 
cent of carbon monoxide poisoning, see p. 450) since, 
with the loss of cytochrome oxidase, the poisoned cells 
cannot use oxygen. All the tissues have a pungent, 
bitter-almond odor that is, in fact, detectable clinically 
and so may permit a prompt diagnosis with immediate 
initiation of life-saving therapy. When the poison is 
taken orally, edema, hemorrhage, and necrosis of the 
gastric mucosa may result. The brain may show minimal- 
to-slight edema with petechial hemorrhages, but insuf- 
ficient time elapses for the development of more obvious 
anoxic lesions. 

Chronic cyanide poisoning may occur from re- 
peated absorption of small amounts of poison over the 
course of days to weeks if the increments exceed the 
rate of detoxification. The tissue hypoxia under these 
circumstances is progressive but not immediately fatal. 
Slowly developing changes affect the brain, liver, and 
kidneys. Grossly, the brain may appear entirely normal, 
but on microscopic section, degeneration of ganglion 
cells is usually evident, sometimes to the point at which 
these cells become totally necrotic and disappear and 
are said to have “dropped out.” Hypoxic fatty change of 
the renal convoluted tubular epithelial cells and centri- 
lobular fatty change of the liver may also be present. 

Clinically, progressive disturbance of cerebral func- 
tion in the chronic form leads to the development of 
unconsciousness and frank coma. When the patient 
survives for a sufficient time, symptoms of impaired 
liver and renal function may become manifest. Clinical 
recognition of this form of poisoning before irreversible 
brain damage has occurred should permit curative in- 
tervention. 


Mercury 


This metal was once used in the silvering of mirrors 
and the production of felt hats, and workers often 
developed toxic mental changes, called madness, hence 
the phrase “mad as a hatter,” hallowed by Lewis Carroll. 
Mercuric chloride was also once a favored agent among 
suicides. It is still used in industry in photoengraving 
and tool hardening. Certain insecticides and fungicides 


contain mercury compounds. Toxicity due to mercury 
is rare today, but occasional outbreaks of poisoning still 
occur, e.g., the one involving the inhabitants of Mini- 
mata, Japan. The poisonings were traced back to con- 
taminated fish derived from a coastal body of water 
polluted by mercury-bearing industrial wastes. Another 
tragic outbreak occurred in Iraq when grain intended 
for planting and pretreated with a mercurial fungicide 
was used in the making of bread.'!° The Japanese 
experience called attention to a global problem. Mer- 
cury was once used in antifouling paints on ships, and 
trace amounts of this element are still present in waters 
throughout the world. However, the minute quantities 
encountered in fish found in open waters are of no 
clinical significance because in small doses mercury does 
not accumulate in the body, being excreted through the 
kidneys, colon, bile, sweat, and saliva. 

Mercury causes cellular damage principally by com- 
bining with sulfhydryl groups of membranes and en- 
zymes, and has its greatest effect on mitochondrial 
oxidative processes. Mercuric compounds are more toxic 
than mercurous. There was once a belief that poisoning 
from inorganic compounds differed from that caused by 
organic compounds, but current evidence is against such 
a notion save that inorganic salts are more rapidly 
absorbed.!° Toxicity may result from inhalation of va- 
porized metallic mercury, by absorption of mercuric 
compounds through the skin, or through the gastroin- 
testinal route. The principal organs affected are the 
gastrointestinal tract, kidneys, and central nervous sys- 
tem.!!! The anatomic changes in acute poisonings differ 
somewhat from those in chronic toxicity. 

Acute poisoning is usually caused by the intentional 
or accidental ingestion of a soluble mercuric salt, e.g., 
mercuric chloride. Acute erosive lesions may develop 
within a day in the oral cavity and also in the gastric 
mucosa. Later, focal necroses and ulcerations may ap- 
pear in the colonic mucosa. The kidney is a major target, 
since mercury is excreted through the urine. With high 
toxic levels an acute tubular necrosis (ATN) results with, 
at first, vacuolization of epithelial lining cells in the 
proximal tubules, followed by the death and often 
calcification of these cells. Ultrastructural studies reveal 
abnormalities in the endoplasmic reticulum, ribosomes, 
and mitochondria, which may develop irregular calcium 
matrix densities.!!? With very high levels of this poison, 
other tubular segments of the nephron may also be 
affected. These alterations are very similar to those 
encountered in other forms of nephrotoxic nephritis, 
except that the calcification tends to be more prominent 
in mercury poisoning. Although manifestations of central 
nervous system dysfunction may appear in acute poison- 
ings, characteristic morphologic lesions have not been 
identified in the brain apart from cerebral edema. 

Chronic poisoning has been reported from the 
ingestion of food contaminated by fungicide and canned 
fish derived from polluted coastal waters, and from the 
use of dermatologic ointments to induce skin lightening. 
The incremental accumulation of mercury is in part 
eliminated through the salivary glands, causing exces- 
sive salivation. The metal deposits on the gingival 
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margins, especially when a gingivitis is present, to 
produce a discoloration closely resembling the “lead 
line” (p. 455), and also causes loosening of the teeth. 
Chronic gastritis often appears, sometimes accompanied 
by mucosal ulcerations. A nephrotoxic nephritis with 
renal insufficiency may develop, but more often a ne- 
phrotic syndrome (p. 1011) appears along with its char- 
acteristic heavy proteinuria. Both membranous (p. 1012) 
and proliferative (p. 1007) glomerulonephritis have been 
observed on light and electron microscopy.!" The glo- 
merular changes suggest an immune complex disease, 
caused possibly by a mercury-protein complex as the 
antigenic stimulus. The heavy proteinuria in these glo- 
merulopathies may lead to tubular reabsorption of pro- 
tein, with the formation of eosinophilic droplets within 
the tubular epithelial cells (Fig. 10-15).!"* Scattered foci 
of atrophy throughout the cerebral cortex; atrophy of 
the occipital lobes, which produces enlargement of the 
occipital horns of the lateral ventricles; and atrophy of 
the cerebellar folia have been described in the brain. It 
is these changes in the central nervous system that 
account for all of the neurologic abnormalities in chronic 
mercury poisoning such as headache, loss of memory, 
emotional instability, tremors, muscular incoordination, 
and deafness, progressing in some cases to coma and 


death. 


Lead 


Lead poisoning has been aptly called “the silent 
epidemic.” The metal accumulates in the body and thus 
small, daily increments may reach toxic levels that wreak 
silent havoc, principally in the brain. Lead poisoning is 
a widespread hazard, but it occurs particularly as an 
occupational disease of adults and in slum children 
heavily exposed to peeling lead paint in dilapidated 
houses. Occupational exposure is principally encoun- 
tered in industries extracting and processing lead and 
its products, in recycling of lead by burning storage 
batteries, and also with paint spraying and intense 
exposure to gasoline-burning engines in garage or high- 
way work. Mass screening programs confirm that un- 
derprivileged children are indeed at increased risk, but 
also reveal that the problem is widespread in the United 
States.!!5 Blood lead levels that exceed the accepted 
limit of 30 wg per deciliter were found in 1.9% of the 
population from 6 months to 74 years of age, but 
significantly in 4% of children aged 6 months to 5 years. 
Most frequently affected and having the highest blood 
lead levels were black, inner-city children from low- 
income families. In this group, 18.6% had blood lead 
levels above the accepted limit, in contrast to 4.5% of 
comparable white children. This racial difference re- 
mains unexplained since location, style of living, and 
type of housing were the same for whites and blacks. 
Children are exposed to lead in the dust, dirt, soil, 
paint, air, and sometimes water. Despite current re- 
strictions on the use of lead in paint, a 1978 survey 
indicates that in the United States about one-third of 
dwellings were built before 1940, when lead paint was 
in common use. The exposure may in fact begin in utero 
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mercury poisoning. 


because lead crosses the placental barrier, and mental 
retardation has been observed in infants whose mothers 
drank lead-contaminated water during pregnancy. Air 
pollution has been reduced by a decrease in the use of 
leaded gasoline and a reduction of lead in gasoline and 
in automobile-emissions, and with it has come a lower- 
ing of the mean blood lead level in the United States 
population.'!® Although the contribution of this air pol- 
lution is now said to be not significantly contributory,!” 
even small amounts add to the total body burden of this 
cumulative poison. Additional sources of lead, princi- 
pally for children, are ceramics, decorative decals on 
glassware, and newsprint. 

Lead may be absorbed from the gastrointestinal 
tract or through the respiratory tract. Much of the lead 
in circulation is deposited in bones; thus, large amounts 
may accumulate in the skeletal reservoir and, on release, 
contribute to the blood levels. Although 30 weg of blood 
lead is considered to be a “safe” upper limit, there are 
concerns with this standard. Most children with mod- 
erate elevations above this level are not obviously 
poisoned. Much more important, in some instances, 
levels well below the accepted limit have induced 
electroencephalographic alterations in central nervous 
system function.''® Thus, “low” blood levels of lead may 
sometimes be neurotoxic. At levels within or near the 
accepted limit, lead inhibits enzymes (such as aminelev- 
ulinic acid dehydratase, ferrochelatase, and pyrimidine 
5’-nucleotidase), increases erythrocyte protoporphyrin, 
and disturbs the metabolism of vitamin B and cortisol. 
These toxic effects may appear quite suddenly with 
intense exposure (such as may occur with inhalation of 
aerosolized lead during battery burning) or they may 
arise insidiously from the slow build-up of the body 


burden. There is, however, no clear clinical delineation 
between the acute and chronic forms of toxicity. The 
major targets affected are the hematopoietic, nervous, 
and gastrointestinal systems, but the kidneys may also 
suffer damage. 

Mild anemia is typically present, as is basophilic 
stippling of large numbers of red cells. Inhibition of 
levulinic acid dehydratase and ferrochelatase, involved 
in heme synthesis, impair the incorporation of iron into 
the porphyrin ring and heme synthesis and simultane- 
ously increase protoporphyrin in erythrocytes. Thus, 
there is reduction in red cell formation.''® At the same 
time, lead appears to inhibit Na-K-ATPase in erythro- 
cyte membranes, and so membrane maintenance is 
impaired. Thus, increased fragility of erythrocytes adds 
a hemolytic component to the anemia. The origin of the 
basophilic stippling is not clear, but may relate to 
inhibition of the nucleotidase. 

Encephalopathy occurs principally in children. The 
brain is markedly edematous, with flattening of the gyri 
and narrowing of the sulci (Fig. 10-16). Microscopically, 
there may be demyelination of the cerebral and cere- 
bellar white matter, and death of ganglion cells with 
diffuse astrocytic proliferation. Often there is prolifera- 
tion of the endothelium of small capillaries in the areas 
of damage. The neuronal loss is attributed to lead- 
induced inhibition of mitochondrial oxidative phospho- 
rylation. In adults, the central nervous system is less 
often affected, but frequently a peripheral neuritis with 
myelin degeneration appears, typically involving the 
motor innervation of the most commonly used muscles. 
Thus, the extensor muscles of the wrist and fingers are 
often the first to be affected, followed by paralysis of 
the peroneal muscles. 


Figure 10-16. Cerebral edema in lead poisoning. The gyri are 
flattened and widened, and the sulci are narrowed and relatively 
inapparent. 


The gastrointestinal tract is a major source of 
clinical manifestations. Lead “colic” characterized by 
extremely severe, poorly localized abdominal pain is 
often associated with sufficient spasm and rigidity of the 
abdominal wall to create the impression of an acute 
“surgical abdomen.” Notwithstanding, the only morpho- 
logic finding in the gastrointestinal tract is a “lead line” 
of precipitated lead sulfide along the gingival margins. 
This discoloration is rare in children and not seen in 
edentulous individuals. Moreover, although typical of 
lead poisoning, it may be encountered in other circum- 
stances such as mercury poisoning. 

Renal proximal tubular acidosis (the Fanconi syn- 
drome) (p. 408) may possibly become evident because 
of transport defects secondary to altered function of 
membrane enzymes. Morphologically, the only changes 
to be seen are acid-fast intranuclear inclusions, princi- 
pally in the epithelial cells of the proximal tubules. 
These inclusions are at least in part composed of lead- 
protein complexes. 

The diagnosis of lead poisoning in adults can often 
be suspected by the findings of anemia and red cell 
stippling associated with an elevated blood lead level. 
A gingival lead line, abdominal colic, and finger, wrist, 
or foot drop, when present, add weight to the suspicion. 
In children, the toxicity may be much more insidious, 
and sometimes only lethargy, stupor, and motor ataxia 
call attention to the possibility of lead intoxication. These 
nonspecific findings, however, may be suddenly fol- 
lowed by the rapid development of convulsions and 
coma. In this age group, sufficient lead may have 
accumulated in the skeleton to produce striking radio- 
densities along the epiphyseal lines (Fig. 10-17). The 
diagnosis can be confirmed in all age groups by the 
demonstration of increased urinary excretion of amino- 
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levulinic acid and coproporphyrin, increased red cell 
protoporphyrin, and reduced red cell aminolevulinic 
acid dehydratase. The lead level in the blood is only 
confirmatory if it exceeds 60 mg per dl but, as pointed 
out, lower levels may be toxic. More reliable as a 
measure of the body burden is the amount of lead 
excreted in the urine following the administration of a 
chelating agent. The gravity of lead poisoning in children 
should not be underestimated. Lead encephalopathy, 
once it appears, may cause, at the least, behavioral 
disturbances or mental retardation, and at the most, 


sudden death. 


Arsenic 


Arsenic poisoning, once a favorite pastime of the 
Borgias, is today happily uncommon. The various arsen- 
ical salts, oxides, and arsene gas are all highly dangerous. 
Arsenicals are used in fruit sprays, weed killers, insec- 
ticides, rat poisons, and a number of industrial proc- 
esses. Acute poisonings, usually suicidal or homicidal, 
are rarely encountered, but chronic poisonings by long 
exposure to arsenical dusts, arsene gas in industry, or 
foods bearing a coating of arsenic-containing plant sprays 
still account for occasional deaths. Arsenic binds with 
sulfhydryl groups. Thus, in chronic poisoning, the hair, 
nails, and surface squames of the skin accumulate de- 
tectable amounts. By binding to sulfhydryl groups in 
proteins, arsenic interferes with many enzyme functions 
essential to cellular metabolism. 

The manifestations of arsenic poisoning depend on 
the dose ingested. At little as 30 mg of arsenic trioxide 
may be fatal. Large doses of this potent poison kill 
within an hour or two, usually by the induction of 
peripheral vasodilation, reduction in effective circulating 


Figure 10—17. Lead deposits in epiphyses of wrist have caused a 
marked increase in their radiodensity so that they are as radiopaque 
as the cortical bone. 
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blood volume, and shock. It is believed that arsenic acts 
as a depressant on the central nervous system and 
induces paralysis of vasomotor control. When it is taken 
orally, the vascular collapse is often preceded by nausea, 
vomiting, and severe abdominal pain. With large doses, 
death may occur so rapidly that sufficient time does not 
elapse for the development of significant morphologic 
lesions in either the brain or gastrointestinal tract. 

With less extreme levels of poisoning, the major 
anatomic changes are found after the first day in the 
vascular system, brain, gastrointestinal tract, and skin. 
Generalized visceral hyperemia develops with petechial 
hemorrhages in the serous membranes and skin; the 
latter changes are caused by necrotizing damage to 
capillary walls. With survival for two or three days, 
intestinal lesions are encountered chiefly in the stomach 
in the form of congestion and edema, replaced soon 
with petechial hemorrhages and foci of dark red-black 
coagulation necrosis. Sloughing of these necrotic areas 
produces ulcerations that may be dispersed or may 
coalesce to form large, denuded, raw surfaces. Similar 
lesions may become evident in the remainder of the 
intestinal tract. Lesions may also appear in the brain in 
the course of two to three days. These take the form of 
widespread petechial hemorrhages, apparently due to 
necrosis of the capillary walls, together with marked 
ditfuse cerebral edema. Thromboses may occur in these 
injured vessels and give rise to focal areas of infarction 
within the brain substance. When patients with high 
toxic doses survive for four to five davs, fattv changes 
in the parenchymal cells of the kidneys and liver may 
occur, accompanied sometimes by fatty change of the 
mvocardium. In these patients, there is rapid onset of 
vascular collapse and central nervous system depression, 
followed by coma and death within hours. In less acute 
forms, the presenting signs and symptoms may be 
marked vomiting followed by severe, persistent, watery 
diarrhea. Central nervous system depression and vas- 
cular collapse may follow. 

With low-level chronic poisoning, the major 
changes involve the gastrointestinal tract, nervous sys- 
tem, and skin. Vascular lesions and petechial hemor- 
rhages are not prominent. In the intestinal tract, conges- 
tion, edema, and small superficial ulcerations may 
develop in the stomach and small intestine. The changes 
in the nervous system appear to be most prominent in 
the peripheral nerves, with myelin degeneration and 
destruction of axis cylinders. Brain lesions are uncom- 
mon. Focal or large confluent areas of dark brown—black 
pigmentation occur in skin areas that are normally most 
deeply pigmented. The palms of the hands and soles of 
the feet develop thickening of the keratin layer of the 
skin. These skin lesions have progressed occasionally to 
the formation of epithelial carcinomas. The kidneys and 
liver may also suffer damage similar to that encountered 
in acute intoxication. In addition, there may be an 
increased incidence of lung cancer and hepatic angio- 
sarcomas in vineyard workers chronically exposed to 
arsenical pesticides. 

The clinical characteristics of chronic poisoning 


differ from those in the acute form. At the onset, 
generalized weakness and malaise appear insidiously, 
followed by muscular weakness of the hands and feet. 
Some cases develop frank paralysis and anesthesia in 
the areas of neural involvement. Frequently, the diag- 
nosis is first suspected by the characteristic pigmentary 
changes in the skin. 


Drug Addiction 


Drug addiction continues to be a major societal and 
medical problem in the United States and many other 
countries. Precise data are not available, but the Drug 
Enforcement Administration estimates that there are 
more than 600,000 opioid addicts in the United States. 
Drug abuse is the leading cause of death in New York 
City for those between the ages of 15 and 35 years.'”° 
It is particularly tragic that one-third of these fatalities 
occur in teenagers. 

There appears to be no end to the variety of agents 
that have been injected, ingested, or sniffed in the 
search for “a new experience’ or to dodge “the slings 
and arrows of everyday life. The federally regulated 
agents that are too freely available on the street can be 
divided into (1) psychodepressants (principally the bar- 
biturates, (2) opioids (principally heroin), and (3) psycho- 
stimulants and hallucinogens (principally ampheta- 
mines, cocaine, mescaline, lysergic acid diethylamide 
[LSD] and marijuana). It has been difficult to segregate 
the adverse consequences of various agents. Almost 
invariably, more than one has been used either simul- 
taneously or sequentially. Many of the narcotics, partic- 
ularly heroin, are diluted (“cut”) by a variety of sub- 
stances such as quinine, talc, or lactose that themselves 
may induce pharmacologic, allergic, or foreign body 
reactions. Further, the methods commonly employed 
in the preparation of a “shot” are less than fastidious. 
One report notes that about one-third of a series of 
heroin addicts had, on occasion, dissolved the drug in 
water from the toilet.'?! The weird litany could be 
continued, but it is clear that only some adverse effects 
mav be directly related to the drug itself. 

The following remarks will largely pertain to nar- 
cotic (principally heroin) addiction, but first some brief 
observations on marijuana and LSD. 

Marijuana (cannabis) has come under intense scru- 
tiny as evidence has waxed and waned that its use may 
entail unwanted side effects. Studies in animals and 
humans indicate that habitual smoking of cannabis, like 
cigarette smoking, may cause chronic bronchitis, ob- 
structive disease of the airways, and (most significantly) 
metaplastic and dysplastic changes in the bronchial 
epithelium.'”? Moreover, one cannabis cigarette yields 
70 to 500% more carcinogenic hydrocarbons than one 
tobacco cigarette.'? Other less well-documented ad- 
verse effects have been reported. Changes in reproduc- 
tive function have been observed, such as a decrease in 
the sperm count in humans and animals, alterations in 
the ovulatory cycle in rhesus monkeys, and increased 
pregnancy loss rate in monkeys.'* Most controversial 


are possible deleterious effects on the central nervous 
system. Changes in memory and learning ability, emo- 
tional instability, and microscopic evidence of abnor- 
malities in synaptic junctions have all been reported. !”*“ 
However, a recent report concluded after a year’s study 
of all the evidence that, despite possible short-term 
adverse psychologic and intellectual effects, there is no 
convincing evidence of long-term neurologic deficits. "4° 
At present, the only reasonable verdict that can be 
rendered is that, with the evidence at hand, “pot” 
cannot be convicted of being unequivocally dangerous 
but neither has it been proved harmless. Until more is 
known, therefore, it might be prudent to heed the title 
of a recent book: “Keep Off The Grass.”'” 

LSD has been accused of a variety of adverse 
effects, but for every claim to be found in the literature 
there is a counterclaim. Earlier reports of an increased 
frequency of chromosomal abnormalities in the lympho- 
cytes of habitual users have not been confirmed by 
controlled studies.!2° Equally questionable is an in- 
creased frequency of congenital defects in infants born 
to heavy users of this agent. Less easily dismissed is the 
question: Does chronic use of LSD predispose to psy- 
chiatric illness? There is good neuropharmacologic evi- 
dence that LSD depresses the activity of serotonin- 
containing neurons and, by altering normal pathways of 
neurotransmission, could exert a direct effect on brain 
function.!2’ There is, in addition, a clinical study sug- 
gesting that users of various psychostimulants have an 
increased incidence of mental disorders.'*® Here the 
issue arises—which agent, combination of agents, or 
sequence of agents is implicated? Moreover, it must be 
questioned whether individuals with preexisting person- 
ality disorders tend to indulge in psychostimulants. The 
jury is still out on LSD and so, at present, the drug is 
neither “guilty” nor “not guilty.” 

Heroin is the most commonly used narcotic and 
the major source of the morbidity and mortality associ- 
ated with drug addiction. Untoward complications may 
stem from: (1) the pharmacologic action of the agent, (2) 
reactions to possible contaminants, (3) hypersensitivity 
reactions to the drug or its contaminants, and (4) diseases 
contracted in the course of its use. A consideration of 
sudden death in drug addicts illustrates some of these 
pathways. About 20% of narcotic-related fatalities are 
intentional suicides or homicides, the remaining 80% 
being caused by “acute reactions’ or overdoses. Three 
overdose syndromes can be distinguished: (a) profound 
respiratory depression, (b) arrhythmias and cardiac ar- 
rest, and (c) severe pulmonary edema. 

The respiratory depression may be a direct phar- 
macologic effect resulting from the use of an amount of 
heroin in excess of that to which the body is accustomed. 
There is no way of gauging the precise amount of heroin 
in preparations bought “on the street.” “Pushers” have 
been known to sell virtually pure heroin to rid them- 
selves of unwanted customers. Moreover, tolerance to 
drugs falls during periods of withdrawal, such as occurs 
with incarceration or hospitalization, and so previously 
used dosages become excessive. The precise basis for 
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arrhythmias and cardiac arrest is somewhat uncertain, 
but it could be due to quinine, frequently used as a 
“cutting agent’ to dilute the heroin. Severe pulmonary 
edema (the third of the overdose syndromes) has been 
referred to as “narcotic lung.’’*? Whatever their basis, 
overdose reactions that fall precariously short of fatal 
are not unusual in the life of an addict—-until . . . 

A variety of less dramatic adverse consequences are 
also associated with the narcotic habit. Most appear to 
be secondary to contaminants introduced with the drug. 
Significantly, physician addicts have been known to have 
no adverse physical effects even after long-term use of 
addictive drugs. The various morphologic lesions are 
best considered according to the tissue or organ in- 
volved.**° 

Cutaneous lesions are probably the most frequent 
telltale sign of heroin addiction. They take a variety of 
forms including scarring at injection sites (‘tracks’), 
hyperpigmentations over commonly used veins, throm- 
bosed veins, skin abscesses, cellulitis, ulcerations, urti- 
caria (presumably secondary to the release of histamine 
by heroin), and sometimes, for inexplicable reasons, 
massive swelling of the extremity. '*’ 

Cardiovascular lesions are being reported with 
increasing frequency.! Bacteremia is seen in about 
10% of cases. It is most commonly caused by Staphy- 
lococcus aureus, but virtually every other microbial 
agent in the book has been implicated at one time or 
another, including nonpathogen forms. Infective endo- 
carditis is probably the most costly price for the heroin 
habit. The exact incidence of this complication is not 
known, but it is not uncommon. The disease differs 
somewhat from that encountered in the general popu- 
lation. The patients are usually younger and male; 
preexistent heart disease is uncommon; the valves of 
the right side of the heart, particularly the tricuspid, 
are often involved; and the most common infecting 
organisms (accounting for almost two-thirds of all cases) 
are first S. aureus and second Candida albicans, in that 
order. The endocarditis usually conforms to the 
“acute” pattern. Addicts are particularly prone to blood- 
borne infections; there is repeated introduction of organ- 
isms, malnutrition is frequently present, and many, for 
poorly understood reasons, suffer from immunologic 
incompetence. 

Disseminated necrotizing angiitis resembling poly- 
arteritis nodosa may be encountered. It may relate to 
hypersensitivity to the narcotic or its diluting agent, but 
alternatively, hepatitis B antigenemia may underlie the 
vascular disease. Affected arteries tend to be located in 
the kidney, liver, and small bowel and may induce renal 
failure.'** A variety of other pulmonary vascular lesions 
have been observed and are described later. 

Pulmonary lesions are frequent in narcotic addicts 
and have been attributed to respiratory depression, 
shock, and hypersensitivity.’?° The most common form, 
referred to as “narcotic lung,” is pulmonary edema, 
sometimes hemorrhagic, resembling that seen in the 
“adult respiratory distress syndrome’ (p. 714) (Fig. 10—- 
18). Often these changes are accompanied by broncho- 


458 


ENVIRONMENTAL PATHOLOGY 


Ci 


Figure 10-18. Lung of a heroin addict with patchy edema and 
atelectasis. Many of the alveolar spaces are filled iwth a proteina- 
ceous fluid. 


pneumonia, focal atelectasis, emphysema, aspiration of 
gastric contents, and mononuclear cell accumulations 
within the alveoli and alveolar walls. Less common and 
more distinctive is a constellation of pulmonary vascular 
changes all of which induce, to a greater or lesser 
extent, obstruction to the pulmonary blood flow, some- 


Figure 10-19. Lung of a heroin addict. The alveoli contain many desquamated mononuclear cells. A 


times accompanied by cor pulmonale. They comprise 
thromboses, plexiform and angiomatoid lesions (presum- 
ably representing residuals of organized thrombi), and 
arterial wall thickenings.’ Even more distinctive are 
foreign body granulomas, sometimes within the walls of 
pulmonary arteries but at other times located about the 
vessels or within adjacent alveolar septa. These lesions 
are essentially reactions to particulate matter introduced 
with the injection, possibly to the “cutting agent” such 
as talc (a silicate) or to other contaminants. The talc 
crystals are readily visualized by polarized light (Fig. 
10-19). 

The liver and biliary tract are abnormal in 75 to 
80% of addicts. The most frequent change is periportal 
infiltrations of mononuclear cells. This “triaditis” is most 
consistent with chronic persistent hepatitis and, in most 
instances, is attributable to infection with the hepatitis 
B virus acquired by a sharing of needles.‘ Other 
common findings are fatty change and cirrhosis in about 
30% of all long-term addicts (probably related to alcohol 
abuse).'*’ Foreign body granulomas and marked conges- 
tion may be present. For poorly understood reasons, 
the gallbladder is frequently distended with thick bile, 
and the porta hepatic lymph nodes are often strikingly 
enlarged, sometimes tenfold. 

Renal structural changes are almost invariably pres- 
ent.’ In most instances they consist of only minimal 
increases in mesangial matrix deposits in the glomeruli. 
More significant forms of glomerulopathy may also oc- 
cur, such as the focal glomerulitis or diffuse proliferative 
glomerulonephritis associated with infective endocardi- 
tis. In addition, focal glomerulosclerosis (p. 1015) or 
membranoproliferative glomerulonephritis (p. 1016) are 


large congested vessel is seen at upper right, and immediately below it is a small collection of 
crystalline material seen better under polarizing light (B) as doubly refractile deposits of talc. 


sometimes present and induce the nephrotic syn- 
drome. '*° 

A miscellany of additional problems complicate the 
lives of addicts. They are at risk of developing tetanus 
secondary to deep-seated skin infections resulting from 
“skin-popping (subcutaneous inoculations). Peripheral 
neuropathy, spinal cord transverse myelopathy of an 
acute necrotizing nature, acute-to-chronic myopathy 
sometimes mysteriously involving muscles remote from 
injection sites, and osteomyelitis are relatively infre- 
quent sequelae of addiction. Other problems could be 
cited, but it is evident that the price of addiction is 
more than the cost of the drug. 


Industrial Carcinogens 


It is widely held that life style and environmental 
influences play some role in the initiation of 80 to 90% 
of human cancers.!*° These influences range from per- 
sonal practices (e.g., diet, smoking, alcohol consump- 
tion, exposure to therapeutic drugs or sunlight) to more 
generalized hazards such as air and water pollution and 
industrial carcinogens. Most of these influences have 
been considered elsewhere; here, our concern is with 
the carcinogenic hazards encountered in the workplace. 

Human ingenuity in synthesizing new chemical 
agents outruns the ability to establish their safety. The 
number of organic chemicals synthesized since 1940 has 
doubled approximately every eight years.'*' At present, 
about 45,000 substances are listed in the Environmental 
Protection Agency's inventory of chemicals in commer- 
cial use. Among the 7000 tested, one-fifth have been 
labeled carcinogenic, but with some there is still dis- 
agreement. The problems involved in determining the 
carcinogenicity of an agent were discussed on page 240. 
For example, large doses are administered to experi- 
mental animals in an attempt to reduce the latent period 
involved in the induction of tumors. If the dosages far 
exceed those that might apply to human experience, do 
they fairly evaluate clinical carcinogenicity? Notwith- 
standing these difficulties, there is substantial evidence 
that occupational exposure has induced cancers in work- 
ers, and indeed it is estimated that 1 to 5% of all human 
cancers are job related.'*? A few of the most hazardous 
industrial agents are cited in Table 10-3. Further infor- 
mation on this important issue can be found in the 
Report of the Subcommittee on Environmental Carcino- 
genesis, National Cancer Advisory Board!*? and in the 
scholarly study of Schottenfeld and Haas.!* 


PHYSICAL INJURIES 


The many forms of physical energy that may give 
rise to injury can be classified into four groups: mechan- 
ical violence, changes in temperature, changes in at- 
mospheric pressure, and electromagnetic energy. Of 
the physical agents, mechanical violence exemplified by 
the everyday occurrence of auto accidents is the most 
frequent cause of injury encountered in clinical practice. 
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Much detail on mechanical injuries is unnecessary in 
general pathology, since only rarely do such cases 
necessitate pathologic study save for legal purposes. 
Changes in atmospheric pressure and hypothermia are 
relatively uncommon causes of injury but hyperthermia 
(burns) are all too common. Radiation injuries, too, have 
assumed frightening importance as potential causes of 
widespread destruction. 


Physical Injuries 


MECHANICAL VIOLENCE 


Injury from mechanical violence may occur when- 
ever a mass hits the body, the body collides with a 
stationary mass, or, as sometimes occurs, both body and 
mass are in movement at the moment of impact. Several 
categories of tissue injury or wounds may result, which 
can be grouped broadly into: (1) soft tissue injuries, (2) 
bone injuries, and (3) head injuries. Injuries of the 
bones (p. 1325) and of the head (p. 1398) involve 
specialized problems best considered in the chapters 
dealing with these structures. Soft tissue injury falls 
principally into the realms of surgery, inflammation, 
and repair and involves no special problems in anatomic 
pathology. However, a few brief definitions are in order. 
An abrasion represents the mechanical tearing away of 
superficial layers or the entire thickness of the epider- 
mis. A laceration is a split or tear in tissues that results 
from stretching beyond the tensile strength of the 
structure. Although commonly used interchangeably 
with the term “cut,” strictly speaking, the latter is 
better referred to as an incised wound. A contusion is 
an injury caused by a blunt force that injures small 
blood vessels and causes interstitial bleeding, usually 
without disruption of the continuity of the tissue. A 
bruise of the skin is an example of a contusion. Some- 
times deep-seated contusions of skeletal muscle, for 
example, may occur without evident injury to the skin 
or subcutaneous tissues. Analogously, laceration of the 
liver and spleen may be encountered in victims of an 
automobile accident without demonstrable damage to 
the abdominal wall. The possible systemic reactions to 
mechanical trauma are presented in the consideration 
of shock (p. 112). 


CHANGES IN TEMPERATURE 


As a homeothermic animal, man must maintain his 
internal temperature within the narrow range of 31° to 
41°C, and even this upper limit can be tolerated only 
very briefly. However, it is by no means certain that 
the lower temperature cited represents an absolute 
limit, since at the present time our knowledge of the 
reactions of the body tissues to cold is being rapidly 
expanded by the use of hypothermia as a potential 
clinical tool in surgery. 

Since abnormally high and low temperatures pro- 
duce different patterns of tissue damage and have dif- 
ferent pathogenetic mechanisms, they will be discussed 
separately. 
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Table 10-3. CERTAIN INDUSTRIAL AGENTS ASSOCIATED WITH CANCER-FEDERALLY REGULATED CARCINOGENS" 


ee eee ee eee eee seers er enn eee 


Animal Studies 


Route of Target Organs and 
Agent Species Administration Lesions 
I  - 
Asbestos fibers Rat p.0O. Multiple 
Rat Inhalation Lung, mesothelioma 
Rat, hamster, rabbit Intrapleural Mesothelioma 


Occupation: Asbestos miners; Asbestos textile makers; auto brake repairers; cement mixers; construction workers; cutters and layers of 


water pipes; insulation cord makers; insulators; shipyard workers 


p.O. Bladder, liver 


Coke oven emissions Multiple 

(aromatic hydrocarbons 

including benzo[a]- 

pyrene) 

Occupation: Coke oven workers 

a-Naphthylamine Dog 
Mouse 
Hamster 

Occupation: Chemical synthesizers; dye makers; rubber workers 

8-Naphthylamine Dog 
Monkey 

Occupation: Research workers 

4-Aminodipheny| Mouse 
Dog 


Occupation: Diphenylamine workers; research workers 


Benzidine and its salts Mouse 


S.C. Liver, ear duct, intestine 


Dog 


Skin Lung 
Intratracheal Local sarcomas, lung 
p.O. Negative 
p.0., S.C. Inconclusive 
p.0. Negative 
S.C., P.O. Bladder 
p.0. Bladder 
p.0O. Bladder 
Bladder 


Occupation: Biochemists; dye workers; medical laboratory workers; organic chemical synthesizers; plastic workers; rubber workers; 


wood chemists 


Inhalation 


Viny! chloride Rat 


Skin, lung, osteochondroma 


Occupation: Organic chemical synthesizers; polyvinyl resin makers; rubber workers 


Chloromethy! methy! Mouse 
ether (CMME) 


Occuption: Organic chemical synthesizers 


Bis (chloromethyl) Mouse 
ether 
(BCME) 

Rat 


Skin, S.c. Carcinoma, sarcoma 

Skin, S.c. Olfactory 
esthesioneuroepithelioma, 
lung adenoma, papilloma, 
carcinoma 

S.C. Fibrosarcoma 


Occupation: lon exchange resin makers; laboratory workers; organic chemical synthesizers; polymer makers 
*From Schottenfeld, D. M., and Haas, J. F.: Carcinogens in the workplace. Ca 29:144, 1979. 


Abnormally Low Temperatures 


The effects of hypothermia depend on whether 
there is whole body exposure or exposure only of parts. 
The frostbitten toe may be irreparably damaged, but 
death may result when the whole body is exposed, 
without inducing apparent necrosis of cells or tissues. 
The systemic homeostatic mechanisms are more vulner- 
able to hypothermia than are individual cells. 

Loca REactions. Chilling or freezing of cells and 
tissues causes injury in two ways: 

1. Direct effects are probably mediated by physical 


dislocations within cells and the high salt concentrations 
incident to the crystallization of the intracellular water. 
In vitro, this mechanism of cellular injury can be largely 
prevented by glycerol (used as a preservative in sperm 
“banks’). 

2. Indirect effects are exerted by microcirculatory 
changes. Depending on the rate at which the tempera- 
ture drops and its duration, slowly developing chilling 
may induce vasoconstriction and some cellular injury, 
followed by paralysis of vasomotor control and conse- 
quent vasodilation and increased permeability, leading 
to edematous changes. Alternatively, with sudden sharp 
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Table 10-3. CERTAIN INDUSTRIAL AGENTS ASSOCIATED WITH CANCER-FEDERALLY REGULATED CARCINOGENS* (Continued) 


Clinical and Epidemiologic Studies 


Route of Latency Relative Target Organs and 
Absorption (years) Risk Lesions Comments 
Lung 15-50 1.5-12 Lung Lung cancer synergism between asbestos and 
Oral 100+ Mesothelioma cigarette smoking. Because of rarity of 
1.5-3 Gastrointestinal tract mesothelioma in absence of asbestos 
(esophagus, stomach and exposure, relative risk estimate has limited 
large intestine) meaning. The number of potentially exposed 
workers is some 1.6 million. Current estimates 
of proportionate mortality in heavily exposed 
workers are lung cancer (20-25%), 
mesothelioma (7-10%) and gastrointestinal 
cancers (8—9%). 
20 Lung Animal studies refer to benzo[a]pyrene, though 
Kidney other aromatic hydrocarbons found in 
emissions are also carcinogenic in various 
animal systems. Risk of lung cancer in 
humans increases with duration and intensity 
of exposure. 
Lung 22 8.4 Bladder Some questions remain as to whether or not 
Skin observed human carcinogenicity is due to 
contamination with B-naphthylamine. 
Lung 16 87 Bladder Previously widely used in dyestuffs, as an 
Skin antioxidant for rubber and in rubber-coated 
cables. Little commercial production since 
1972. 
Lung 15-35 Bladder Formerly used as a rubber antioxidant and as 
Skin a dye intermediate. No longer commercially 
produced. Fifty-three bladder tumors in 315 
exposed workers; 1 case occurred with only 
133 days of exposure. 
Lung 16 14 Bladder Medical personnel using benzidine to test for 
Skin occult blood. 
Oral 
Lung 12-29 Marked Angiosarcoma of the liver .. | Full potential risk of cancer and hepatobiliary 
?Skin increase Lung tract disease in humans is not yet established. 
1.6 (?) Brain 
Lung 10-15 8 Lung Small cell carcinomas. Human exposures 
Skin generally involve both CMME and BCME. 
10-15 100 Lung Small cell carcinoma. 


drops in temperature that are persistent, the vasocon- 
striction and increased viscosity of the blood in the local 
area may essentially cause ischemic injury. In_ this 
situation, only after the temperature begins to return 
toward normal do the vascular injury and increased 
permeability with exudation become evident. However, 
during the period of ischemia, hypoxic changes and 
infarction necrosis of the affected tissues may develop. 

The anatomic changes can be anticipated from the 
preceding remarks. Exposure to long-continued non- 
freezing temperature, such as occurs in immersion or 
trench foot, induces first a waxy-gray pallor to the 
extremity, sometimes marked by blotchy, mottled cy- 


anosis. The vasodilatation in vessels that later develops 
leads to exudation of large amounts of proteinaceous 
fluid, producing swelling and large epidermal vesicles 
or bullae. With more severe cold injury, as seen in 
frostbite, degenerative myelin changes often occur in 
the peripheral nerves, giving rise to sensory and motor 
disturbances. In some cases, thrombosis may occur and 
may lead to gangrenous necrosis of the affected part. 
When the chilling reaches freezing temperatures, gan- 
grene is more certain. If gangrene does not occur, the 
hypoxia may cause sufficient cellular damage to lead to 
residual atrophy and fibrosis of the skin and its adnexal 
structures. 
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SysTEMIC REACTIONS. When the entire body is 
exposed to low temperatures, there is at first marked 
vasoconstriction of the skin vessels, and as a result the 
skin becomes extremely pale. As the hypothermia con- 
tinues, marked peripheral vasodilatation and hyperemia 
develop. Cooling of the peripheral blood soon causes 
depression of the temperature in the vital organs, par- 
ticularly the brain, though the usual mechanism of death 
appears to be circulatory failure. Sudden acute chilling 
may cause death within a relatively short time without 
apparent alteration of the bodily tissues. Under these 
circumstances, there may be no pathognomonic ana- 
tomic changes demonstrable at the time of postmortem 
examination. Sometimes, widespread thromboses ap- 
pear with infarctions of internal organs. Acute necrotiz- 
ing pancreatitis has also been observed.'” With more 
slowly developing, protracted hypothermia, the ana- 
tomic changes are usually limited to the superficial 
tissues and extremities, and resemble those described 
in the local reactions. 


Thermal Burns 


Thermal burn injury causes approximately 10,000 
deaths annually in the United States, so is obviously a 
problem of considerable clinical magnitude. A large 
proportion of the fatalities occur among children and 
young adults. The clinical significance of a burn is 
determined by the following variables: (1) the percent- 
age of the total body surface involved, (2) the depth of 
injurv of the surface burn, and (3) the possible devel- 
opment of internal injuries from inhalation of hot gases 
and fumes. These variables require that surface burns 
be segregated from internal heat injury. 

SURFACE BURNS. The amount of surface area in- 
volved and the intensity and duration of hyperthermia 
determine the clinical significance of a burn. Obviously 
the larger the area, the more grave the prognosis. At 
one time, involvement of 50% of the body surface was 
almost always fatal. With the great improvements in 
therapy, there is no upper limit that can be said to be 
uniformly fatal, but much depends on the depth of 
injury. The older terminology of first-, second-, and 
third-degree burns has now been replaced by the divi- 
sion into “partial-” or “full-thickness” burns. This dis- 
tinction has clinicopathologic significance, since a full- 
thickness burn implies an open wound from which large 
amounts of fluid and plasma proteins may be lost. 
Moreover, a full-thickness burn may not be capable of 
self-repair and often requires grafting, since there has 
been destruction of the dermal appendages from which 
reepithelialization occurs.  Partial-thickness burns, 
which imply a low intensity of heat (43° to 46°C), induce 
injury in part by accelerated metabolism of cells, in part 
by inactivation of temperature-critical enzymes, and in 
part by inducing vascular injury. As is well-known, the 
area becomes reddened as small blood vessels dilate, 
followed soon by increased capillary permeability with 
exudation of serous or protein-rich fluid, creating the 
typical “burn blister.” The surface epithelial cells in the 


partial-thickness burn likewise give evidence of de- 
ranged membrane permeability with nuclear and cel- 
lular swelling. Depending on the variables of tempera- 
ture and time, transepidermal necrosis may occur. If 
the skin has not been totally incinerated, the epithelial 
cells may disclose nuclear pyknosis and granular coag- 
ulation of the cytoplasm.'** The dermal collagen takes 
on the appearance of a homogeneous gel. The cytologic 
changes just described may affect ever deeper cells, 
including fibroblasts and endothelial and skeletal muscle 
cells. With intense heat there may be coagulation of the 
blood vessels and little evidence of exudation, but at 
the peripheral and deep borders between the nonviable 
and viable tissue, the described cellular and vascular 
changes will be evident as well as the inflammatory 
response.'" 

With burns of more than 20% of the body surface, 
systemic reactions become more important than the 
local injurv. Shock is the most important postburn 
concern (p. 112). It may be partly neurogenic in origin 
but soon thereafter is related to the massive outpouring 
of an exudate. Progressive loss of plasma water induces 
hypovolemia and hemoconcentration. Plasma proteins 
are simultaneously lost and over the span of hours, with 
hemodilution, the plasma oncotic pressure falls to ag- 
gravate the fluid loss. In addition, burns are frequently 
accompanied by acute gastroduodenal ulcerations (Curl- 
ings ulcers) (p. 813). Intravascular hemolysis may occur 
at temperatures over 38°C and lead to hemoglobinuria 
as one of the features of the renal changes in shock. 

Sepsis resulting from burn-wound infection is prob- 
ably the single most important cause of death in the 
seriously burned patient. In a large study by Teplitz, 
74% of fatalities died with a significant degree of burn- 
wound infection.'** The burn wound is generally sterile 
for a period of approximately 24 hours after injury. 
Bacteria then contaminate the surface and rapidly pro- 
liferate to staggering numbers in the range of 100,000 
to hundreds of millions of bacteria per sq cm of the 
burn-wound injury. These bacteria progressively invade 
the deeper layers, eventually to reach the subjacent 
viable tissue. Although staphylococci and streptococci 
have been chief offenders in the past, the gram-negative 
bacilli, predominantly Pseudomonas aeruginosa, but 
sometimes other gram-negative rods, have now become 
the major clinical problem. These organisms liberate 
products that of themselves are capable of producing 
endotoxic shock, but in addition there is direct invasion 
of the viable subjacent tissue that leads to massive 
infection of the subcutaneous fat as well as deeper 
tissues. P. aeruginosa has a predilection for penetration 
of the blood vessel walls to produce bacteremias. The 
vulnerability to bacterial infection is not attributable 
solely to devitalization of tissues. Thermal injury has 
been reported to induce immunosuppression either 
because of the appearance in the serum of an immuno- 
suppressive factor or because of activation of T-suppres- 
sor cells.'*? °° Impaired phagocytic function of macro- 
phages has also been described and attributed to loss of 
their capacity to elaborate fibronectin, which facilitates 


attachment of bacteria to the cell membrane prior to 
engulfment. 

Not only is the burn area itself colonized by bac- 
teria, but the entire skin surface of the patient harbors 
organisms that have the distressing potential of produc- 
ing infections at venipuncture sites, septic phlebitis in 
veins used for fluid replacement therapy, and infections 
in and around tracheostomies. 

INTERNAL THERMAL INJURY. Individuals trapped in 
a burning building who inhale noxious fumes and heat 
may develop thermal injuries at any level of the respi- 
ratory tract from nose and mouth to the peripheral 
pulmonary parenchyma. Oral cavity burns may appear 
analogous to surface burn—partial- to full-thickness. The 
epiglottis is often charred. The laryngeal and tracheo- 
bronchial mucosa may be severely injured, with secon- 
dary intense hyperemic edema that threatens the air- 
way. Most distressing is the development, hours to one 
or two days later, of the acute respiratory distress 
syndrome (p. 714) with severe pulmonary transudation 
and exudation. These pulmonary complications are pres- 
ent in 30% of patients dying within either the immediate 
resuscitative or postresuscitative periods. In addition to 
pulmonary edema, secondary infections with the devel- 
opment of bronchopneumonia, intra-alveolar hemor- 
rhages, and atelectasis are frequently found. 

Thus, the severely burned patient confronts not 
only the effects of the direct injury but, even more 
important, its serious systemic consequences. 

HEAT STROKE. Heat stroke may result from either 
inability to dissipate the heat generated by the endog- 
enous metabolic processes in febrile patients or exposure 
of the whole body to elevated ambient temperatures. 
When the body temperature reaches 40°C or higher, 
generalized peripheral vasodilatation occurs with se- 
questration of large volumes of blood, leading to a 
reduction in the effective circulating volume. If the 
compensatory mechanisms are not adequate, volume 
flow to the brain and heart is reduced, manifested 
principally by stimulation of the medullary centers and 
tachypnea and tachycardia. These physiologic adjust- 
ments are soon followed by irregular breathing and 
heart rate. Persistence of the hyperthermia and periph- 
eral pooling of blood will soon lead to hypoxic injury of 
cells and with it derangement of the intracellular sodium 
pump, leading to excessive shifts of potassium into the 
extracellular fluid and blood. Hyperkalemia thus devel- 
ops. When death occurs it is related to respiratory, 
circulatory, or electrolyte imbalances. If the body tem- 
perature reaches the excessive levels of 41° to 44°C for 
even a relatively brief period of time, some of the 
cellular changes described in the discussion of local 
reactions to extreme heat may appear before death 
occurs, '?) 1°? 


CHANGES IN ATMOSPHERIC PRESSURE 


~The direction of the pressure change (since in 
general the body withstands increases of pressure better 
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than decreases), the magnitude of the change, and the 
rate of change all modify the extent, nature, and severity 
of the tissue damage. For example, sudden violent 
increases in pressure cause trauma by compression of 
the thorax and abdomen, while the subsequent negative 
wave of pressure results in explosive rupture of the 
respiratory tree or hollow viscera. The same pressure 
changes, applied slowly, might be without effect. 

Changes in atmospheric pressure cayse injuries in 
one of three ways: (1) sudden increases or decreases of 
pressure may produce mechanical damage—blast injury; 
(2) with sudden decrease in pressure, free gaseous 
bubbles may be released in the blood and act as emboli, 
described earlier as caisson disease (p. 106); and (3) in 
low atmospheric pressures, lowered oxygen tension in 
the inspired air causes systemic hypoxia as is seen in 
high-altitude reactions. Only the first of these three 
forms of injury requires description here. 


Physical Injuries 


Blast Injury 


Blast injury is incurred from sudden violent changes 
in pressure as in an explosion. The forces may be 
transmitted by air (air blast) or water (immersion blast). 
These two forms of injury differ in several respects. In 
air blast, compressive waves impinge against the body, 
usually from one direction, followed by a sudden wave 
of decreased pressure exerting a negative force effect. 
Pressure on the exposed side of the body may collapse 
the thorax, rupture solid viscera, and cause widespread 
hemorrhages. The compressive wave may also enter the 
body orifices, particularly the respiratory passages, and 
produce multiple pulmonary hemorrhages associated 
with rupture of alveolar walls or massive laceration. 
Visceral infarctions due to mysteriously developing gas- 
eous emboli have been noted in animals experimentally 
exposed to blast injury. 

In immersion blast, the pressure is applied to the 
body from all sides, tending to force the body up out of 
water. Persons floating in an erect position are lifted 
slightly, if at all, and thus sustain severe injuries to the 
lower half of the body, while individuals floating hori- 
zontally on the surface may simply be tossed out of the 
water virtually unharmed. The positive pressure in 
immersion blast compresses the abdomen and causes 
lacerations of the diaphragm and compressive rupture 
of the hollow viscera of the intestines as well as solid 
organs, i.e., spleen, kidneys, and liver. The wave of 
compression may enter the anal orifice and produce an 
explosive effect on the large bowel. Rupture of the 
intestines may also occur from sudden expansion of the 
abdominal contents during the ensuing negative phase 
of pressure. 


ELECTRICAL INJURIES 


The passage of an electrical current through the 
body may be without effect or may cause tissue injury 
or sudden death. Many variables are involved: (1) the 
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nature of the current (direct or alternating), (2) its 
amperage, (3) its voltage, (4) the path of the current 
through the body, (5) the resistance of the intervening 
tissues, and (6) the duration of exposure. Each of these 
variables modifies the nature and extent of the injury. 
Alternating current is more dangerous than direct cur- 
rent because it induces strong, sometimes violent mus- 
cular contractions—witness the unfortunate individual 
who cannot let go of a high-tension wire. The intensity 
of electrical flow through the tissues is a function of its 
amperage and voltage and the resistance of the tissues. 
Depending on the duration of the exposure, the passage 
of the current may create significant amounts of heat to 
produce electrothermal burns. The pathway that the 
current takes is of critical importance, since electrical 
energy disrupts normal neural impulses. Thus, the flow 
of current through the brain may interrupt the normal 
cardiac and respiratory impulses from the medulla (the 
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mechanism of death in electrocution). A similar flow of 


current through the lower part of the body might induce 
injury but not death. 

The tissues of the body in general are good con- 
ductors of electricity and transmit this current to some 
point of exit in contact with the ground. Local injuries 
are usually produced at the skin sites of entry and exit, 


since the skin has the highest resistance to the flow of 


electrical energy. Once having entered the body, the 
current tends to flow in all directions and passes in a 
broad front through the cross-sectional areas that inter- 
vene between its entrance and exit points. The high 
potentials thus dispersed may cause little damage except 
possibly for their action upon neuroregulatory mecha- 
nisms. 

Much of the damage caused by electrical energy is 
due to the production of heat. The greater the resistance 
to conductance, the greater the heat. Skin has the 
highest resistance to conductance, with dry and thick 
skins being more resistant than moist or thin skins; dry 
and thick skins thus generate more heat. The surface 
area making up the contact with the electrical current 
also modifies the total amount of heat developed within 
cells. It has already been indicated that, when the 
contact surfaces are large, dispersion of the energy load 
lowers the heat generation to which individual cells are 
exposed. A similar potential applied in a concentrated 
focus might produce serious damage. It is this principle 
that permits the passage of high electrical potentials 
through broad cross-sectional areas of the body without 
causing morphologic alterations. 

The morphologic effects of the passage of an elec- 
trical current vary from superficial skin burns to deep 
visceral lesions. With high- intensity current, linear ar- 
borizing burns known as “lightning marks” appear on 
the skin. Usually, burn marks are found at the points of 
entry and exit of the current. Low- intensity currents, 
transmitted through water or when there is a good 
contact surface as with moist skin, may cause no skin 
reaction and yet be of sufficient intensity to produce 
death by disturbing the cardiac or pulmonary rhythmic 
impulses. The internal morphologic effects are varied 


and depend on the voltage and amperage of the current. 
Lightning may cause sufficient heat and production of 
steam to explode solid organs and even fracture bones. 
Focal hemorrhages from rupture of small vessels may 
be seen in the brain. Sometimes death is preceded by 
violent convulsions related to the passage of the current 
through the nervous system. 


RADIATION INJURY 


Radiant energy provides an invaluable modality of 
clinical diagnosis and cancer treatment, but at the same 
time it is both a potent mutagen and a carcinogen and 
can be terrifyingly destructive, as was all too graphically 
documented at Hiroshima and Nagasaki.'*> Here we are 
concerned with its potential for injuring cells, tissues, 
and indeed the entire organism. We will not delve into 
the details of the physics of radiation, which is better 
left to specialized texts.'°* ' It suffices for our purposes 
that radiation may occur in two forms: (1) electromag- 
netic waves (x-rays and gamma rays), (2) energetic 
charged particles (alpha, beta—also known as electrons, 
protons, pi-mesons, and heavy ions) as well as neutral 
high-energy particles, e.g., neutrons. All these forms of 
radiation exert their effects on cells by the transfer of 
energy to the molecules and atoms within the cell. With 
sufficient energy transfer orbiting, electron(s) may be 
separated from the atomic nucleus, producing ionization 
of the atom or molecule. Transfer of less energy may 
only move the electron into an orbit more distant from 
the nucleus—excitation. Both the ionized and excited 
states are unstable and have great potential for chemical 
reactions, but the biologic effect of radiation on cells is 
induced largely by ionization. 

MECHANISMS OF ACTION. It is somewhat anticli- 
mactic to admit that, although we know that radiation 
largely causes ionization of matter, we still do not 
understand precisely how radiant energy exerts its bio- 
logic effect on the cell. Two proposals have been made: 
(1) the “target theory,” also known as the “direct hit,” 
“quantum hit,” or “direct action” theory; and (2) the 
“indirect action” theory. '° 

The target theory” proposes that radiant energy 
acts by direct hits on target molecules within the cell. 
It is possible that a single hit might ionize and inactivate 
a single vital compound or a substance, thus damaging 
or even killing the cell. Equally possible is the require- 
ment that multiple targets must be hit or a single target 
must be hit more than once. These three possibilities 
are sometimes referred to as (1) single-hit, (2) multitar- 
get, and (3) multihit models.'!*’ The cumulative evidence 
suggests that DNA is the most vulnerable target of 
radiation and, more specifically, the linkage and bonds 
within the DNA molecule. !** However, the macromole- 
cules within membranes, enzymes, and other constitu- 
ents are also damaged by radiation. 

The “indirect action theory” proposes that radiant 
energy exerts its effect by producing free “hot” radicals 
within cells, according to the following sequence: Ab- 


sorbed radiant energy leads to the radiolysis of cell 
water and the formation of the ionized water molecules 
H,O* and H,O~. These dissociate to form the free 
radicals H: and OH:, which in turn initiate a chain of 
reactions with themselves, their own reaction products, 
and tissue water to form other reactive radicals, such as 
H,O; and HO. Ultimately, these free radicals interact 
with critical components, among which membranes, 
nucleic acids and enzymes are the most important. In 
this sequential manner, a crucial biochemical change 
takes place, causing cell damage or death (p. 10). 

The transfer of energy to a target atom or molecule 
from the incident source of radiant energy occurs within 
microfractions of a second, yet its biologic effect may 
not become apparent for minutes or even decades. 
Radiation therefore has a latency.'’** During this latent 
period, it must be assumed (although it is poorly under- 
stood) that sequential reactions are occurring that ulti- 
mately exert a detectable functional or morphologic 
effect. Both “direct” and “indirect” actions of radiation 
could start such a chain reaction, but the “indirect 
theory” would relate better to its latent effect. 

QUANTITATION OF RADIATION. The biologic effect of 
radiation is largely dependent on the total dosages and 
the rate of its delivery and absorption. Later we shall 
discuss the variable sensitivity of the differing cells and 
tissues in the body to radiation, but here it should be 
emphasized that all living matter can be destroyed by 
radiant energy. Critical, then, to the biologic effects of 
radiation is dosage. 

The quantitation of radiation is expressed in several 
kinds of units for the various forms of radiant energy. 
X-rays or gamma rays are measured in roentgens (R). A 
roentgen unit is a measure of the ionization produced 
by electromagnetic radiation in air, defined as the 
quantity of radiation required to induce in 1 cc of air an 
emission equivalent to 1 electrostatic unit of charge. 
Roentgens deal with air exposure, but it is obvious that 
more important is the quantity absorbed. The rad (r) is 
the quantity of radiation based on the absorption of 100 
ergs of energy per gm of target tissue. For example, 
one roentgen will lead to the absorption of about 87 
ergs per gm of tissue. 

A recently introduced unit of radiation measure- 
ment is the gray (gy), which equals 100 rads. Thus, one 
centigray equals one rad. Radionuclides are quantitated 
in terms of their instantaneous rate of disintegration 
measured in curies (ci) and their half-life. One curie of 
radioactive isotope undergoes 3.7 times 10° disintegra- 
tions per second. The half-life of the isotope defines the 
time during which one half of the unstable atoms of the 
isotope will have disintegrated. 

BioLocic EFFects OF RADIATION. The discussion 
of the impact of radiation on cells and tissues will be 
divided into the following: (1) general considerations, 
(2) effects on cells and tissues, (3) changes induced in 
certain specific organ systems, and (4) effects of total 
body irradiation. 

General Considerations. The amount of biologic 
damage induced by radiant energy is determined by the 
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Physical Injuries 


character of the radiation, i.e., the type of electromag- 
netic wave or particle, the total amount of radiation 
administered and absorbed (namely, total dose), and the 
time frame within which this amount is delivered. 
Although all forms of radiation ultimately induce ioni- 
zation of atoms and molecules within cells, two charac- 
teristics referred to as “relative biologic effectiveness” 
(RBE) and “linear energy transfer’ (LET) materially 
modify the extent and distribution of the damage in 
tissues. The LET defines the amount of energy trans- 
ferred per unit path length and involves such consid- 
erations as mass, charge, and velocity. The LET value 
of a form of radiation indicates the likelihood of its 
having an effect within a target area. Alpha particles, 
for example, because of their relatively low velocity, 
large mass, and high charge, have a much higher LET 
potential than high-velocity, smaller beta particles of 
the same energy, which penetrate more deeply but 
deliver less energy per unit path length. Gamma rays 
have a relatively low LET because of their penetrability, 
thus dissipating their energy over a long distance. 
Because incident “collisions” along the path of charged 
particles slows their velocity, the LET gradually in- 
creases along the track even though some of the energy 
may have been leached out by transfer to target atoms 
and molecules. As the particle comes to rest there is a 
dramatic increase in the LET, referred to as the “Bragg 
peak.” The RBE relates to the amount of cellular damage 
caused by a specific amount of radiant energy. For 
example, 1 rad of absorbed energy delivered by x-rays 
is deposited in a fairly uniform distribution within a 
field of cells. Thus, although many cells may be affected, 
none may absorb sufficient energy to be seriously dam- 
aged. On the other hand, if the same dose were ab- 
sorbed from alpha particles the energy distribution 
would be spotty and random, but it might be lethal to 
every cellular target that was hit. The RBE, then, relates 
the absorbed dose of radiant energy to its biologic effect. 

It may already be evident that the different forms 
of radiant energy vary in their ability to penetrate 
tissues. But penetrance is equally dependent on the 
nature of the target matter that constitutes the collision 
course of the radiation. Slow-moving, highly charged 
particles of large mass may have a high LET but they 
penetrate less deeply through the skin than fast-moving, 
lighter, lower-charged beta particles of the same energy 
that have a lower LET. Thus, alpha radiation has more 
effect on superficial tissues such as the skin and subcu- 
taneous structures than beta radiation, which reaches 
much deeper levels. The penetrability of electromag- 
netic radiation depends largely on its energy. Much 
deeper penetration is achieved by 100-kV generated 
roentgen rays than by that produced by 10-kV ma- 
chines.!© As mentioned, the various cells and tissues of 
the body differ in their resistance to penetration by 
radiant energy. The outer keratinous shell of man is an 
excellent, albeit not impermeable, radiation shield. 
Once penetrated, however, the subcutaneous tissues 
offer far less resistance. With respect to living matter, 
penetration is a function of the number of interactions 
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between the radiant energy and target matter that 
eventually absorbs all the energy in the radiation. 
Penetration ceases once all energy has been dissipated. 

The rate of delivery significantly modifies the bio- 
logic effect. Although the effect of radiant energy is 
cumulative, when delivered in divided doses or frac- 
tions, as is the practice in radiotherapy, cells may be 
able to repair some of the damage sustained during the 
intervals. Evidence of such repair is provided by a few 
genetic disorders such as xeroderma pigmentosum, dis- 
cussed on page 241. Individuals with this condition have 
a greatly increased vulnerability to skin cancers related 
to an inability to repair sunlight-induced dimers in the 
DNA of epidermal cells. Thus, fractional dosages of 
radiant energy have a cumulative effect only to the 
extent that repair during the intervals is incomplete. 
Radiotherapy of tumors exploits the fact that, in general, 
normal cells are capable of more rapid recovery, and so 
do not sustain as much cumulative radiation injury as 
tumor cells. 

The oxygenation of cells and tissues modifies the 
effect of radiation—‘‘the oxygen effect.” Radiant energy 
may interact with molecular oxygen to induce free 
radicals such as superoxide. According to the indirect 
action theory, these free radicals may then interact with 
atoms and molecules to amplify the impact of radiation 
on cells. “The oxygen effect” assumes particular impor- 
tance in the radiotherapy of neoplasms. When the 
centers of rapidly growing tumors are poorly vascular- 
ized, and therefore somewhat hypoxic, radiotherapy is 
rendered somewhat less effective. 

Effects on Cells and Tissues. Radiant energy may 
(1) immediately kill cells; (2) block their replicative 


capacity; or (3) induce a number of nonlethal alterations 
of specific macromolecules, including enzymes and cell 
membranes, or induce a variety of mutations that may 
or may not be lethal, but some of which may be 
carcinogenic, as detailed on page 242. The first two are 
most easily documented in cell culture by quantitating 
the number of postradiation cells capable of replicating. 
The loss from this replicating pool can be expressed as 
“reproductive death. ” 

The vulnerability or radiosensitivity of the many 
specialized forms of cells and tissues in the body varies 
widely. In general, cells are sensitive to radiant energy 
in direct proportion to their reproductive or mitotic 
activity and in inverse proportion to their level of 
specialization.'*! The same generalization applies to 
cancers. The more rapidly growing and undifferentiated 
the neoplasm, the more likely it will be radiosensitive. 
In general, tumors arising from radiosensitive tissues 
are themselves radiosensitive. The relative radiosensi- 
tivities of cells and associated cancers are given in Table 
10-4, modified from Rubin and Casarett.!™ 

Although some useful generalizations regarding the 
relative radiosensitivity of cells and their cancers are 
possible, there are many strange exceptions. For ex- 
ample, lymphocytes are exquisitely radiosensitive. 
While some are rapidly dividing, others are long-lived, 
perhaps for the lifetime of man; but as far as we now 
know, most are vulnerable to relatively low levels of 
radiation. The seminoma, which arises from germ cells, 
is radiosensitive as Table 10—4 indicates, but the em- 
bryonal carcinoma that is believed to arise from germ 
cells is radioresistant. Other factors may play a role 
here, and perhaps the immune response (more evident 


Table 10—4. RADIOSENSITIVITY OF SPECIALIZED CELLS AND THEIR TUMORS 


Radiosensitivity Normal Cells 


Tumors 


High Lymphoid, hematopoietic (marrow), 
germ cells, intestinal epithelium, ovarian 


follicular cells 


Fairly high Epidermal epithelium, adnexal 
structures (hair follicles, sebaceous 


Leukemia-lymphoma, seminoma, 
dysgerminoma, granulosa cell 
carcinoma 

Squamous cell carcinoma of 
skin, oropharyngeal, esophageal, 


Medium 


Fairly low 


glands), oropharyngeal stratified 
epithelium, urinary bladder epithelium, 
esophageal epithelium, gastric gland 
epithelium, ureteral epithelium 
Connective tissue, glia, endothelium, 
growing cartilage or bone 


Mature cartilage or bone cells, mucous 
or serous gland epithelium, pulmonary 
epithelium, renal epithelium, hepatic 
epithelium, pancreatic epithelium, 
pituitary epithelium, thyroid epithelium, 
adrenal epithelium, nasopharyngeal 
nonstratified epithelium 


Muscle cells, ganglion cells 


cervical and bladder epithelium, 
adenocarcinoma of gastric 
epithelium 


Endothelio- and angiosarcomas, 
astrocytomas, the vasculature 
and connective tissue elements 
of all tumors 
Liposarcoma, chondrosarcoma, 
osteogenic sarcoma, 
adenocarcinoma of: 

breast epithelium 

hepatic epithelium 

renal epithelium 

pancreatic epithelium 

thyroid epithelium 

adrenal gland epithelium 

colon epithelium, 
squamous cell cancer of the lung 
Rhabdomyosarcoma, 
leiomyosarcoma, 
ganglioneuroma 


Adapted from Rubin, R., and Casarett, G. W.: Clinical Radiation Pathology. Philadelphia, W. B. Saunders Co., 1968, p. 903. 


in the case of the seminoma) cooperates to enhance the 
lethal effect of radiation. Such exceptions underscore 
the necessity for conservatism in prognosticating the 
possible effectiveness of radiotherapy in the treatment 
of a specific tumor in the individual patient. 

All cells can be affected by radiant energy and, 
indeed, all living matter can be killed by radiation. The 
changes involve both the cytoplasm and the nucleus, 
but the latter appears to be more radiovulnerable. 
During the initial response to radiant injury, there is 
cellular swelling, cytoplasmic vacuolization, and altera- 
tions in plasma membranes. Mitochondria enlarge and 
assume distorted shapes, and some are disrupted. These 
mitochondrial changes may be secondary to other met- 
abolic dislocations, since many observations suggest that 
mitochondria themselves are relatively radioresistant.'® 
The endoplasmic reticulum is also affected, but lyso- 
somes appear to be more resistant and are often in- 
creased in number.’ 

Nuclear changes are marked and include nuclear 
swelling, vacuolation, focal disappearance of the nuclear 
membrane, and, in severely affected cells, nuclear pyk- 
nosis or lysis. Following radiation injury, cells often 
assume bizarre sizes and shapes, sometimes with the 
formation of giant cells containing an extremely pleo- 
morphic nucleus or more than one nucleus. Such nu- 
clear pleomorphism and cellular distortion may persist 
for years after the radiation exposure. 

Although, as pointed out, radiant energy may alter 
proteins and thus inactivate enzymes and injure mem- 
branes, the most vulnerable target within the cell is 
thought to be DNA. All manner of structural defects 
can be induced including the formation of pyrimidine 
dimers, cross-links, single-strand or double-strand 
breaks, and various rearrangements. If they are not 
immediately lethal they introduce errors in transcription 
that may lead to uncontrolled proliferation and the 
induction of cancer, as discussed in detail on page 248, 
or alternatively they block cell replication by interfe- 
rence with and/or delay of the mitotic process. It is 
proposed that genetic programs for the synthesis of 
mRNA and such vital enzymes as thymidine kinase and 
DNA polymerase are inhibited or blocked and so syn- 
thesis of DNA comes to a halt. For this reason, repli- 
cating cells requiring synthesis of DNA are more sus- 
ceptible to radiation injury. All phases of the cell 
generation cycle can be affected by radiation, but the 
G, phase (just prior to mitosis) and the M (mitotic) 
phase are more vulnerable than the S (synthetic) and 
G, phases. It follows, therefore, that slowly dividing 
cells are less radiosensitive, probably because they have 
a longer time to recover from the radiation injury before 
they go into mitosis. Again, any and all of these effects 
are dose rate—dependent. 

A wide range of chromosomal and chromatid mu- 
tations is induced by radiation, including deletions, 
breaks, translocations, interadherence of chromosomes, 
fragmentation, and indeed all forms of abnormal chro- 
mosome morphology.’ The mitotic spindle often be- 
comes disorderly or even chaotic. Polyploidy and aneu- 
ploidy may be encountered. As is well-known, radiation 
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injury has the potential of inducing neoplasia with all 
its attendant karyotypic abnormalities (p. 231). The 
constellation of cellular pleomorphism, giant cell for- 
mation, conformation changes in nuclei, and mitotic 
figures creates a more than passing similarity between 
radiation-injured cells and cancer cells, a problem that 
plagues the pathologist when evaluating postirradiation 
tissues for the possible persistence of tumor cells. None 
of these mitotic and chromosomal mutations are diag- 
nostic of radiation, since they can be produced also by 
certain chemicals. 

Vascular changes are prominent in all irradiated 
tissues (dose rate-dependent), be they normal or neo- 
plastic. Endothelial cells are only moderately radiore- 
sponsive but, with the intensive therapy administered 
to tumors, radiational changes are almost always seen 
in the vasculature of the neoplasm itself and in the 
normal tissues interposed between the source of the 
radiation and the neoplasm. During the immediate 
postirradiation period, vessels may show only dilatation, 
accounting for the erythema of the skin seen so often in 
radiotherapy. Later or with higher dosages, a variety of 
regressive changes appear, including endothelial cell 
swelling and vacuolation or even dissolution with total 
necrosis of the walls of small vessels (such as capillaries 
and venules). Affected vessels may rupture, yielding 
hemorrhages, or they may thrombose. For reasons 
unknown, these vascular changes are peculiarly spotty 
in their distribution along the course of a vessel and so, 
in the same tissue section, some channels are affected 
and others spared. In some part, the cancericidal effec- 
tiveness of radiation is attributable to such vascular 
damage. At a later stage, endothelial cell proliferation 
and collagenous hyalinization with thickening of the 
media are seen in irradiated vessels, resulting in marked 
narrowing or even obliteration of the vascular lumina 
(Fig. 10-20). 

Organ System Changes. The effects of radiation on 
certain specific organs and systems are worthy of special 
citation because of either the particular vulnerability of 
the organ or its frequent involvement.’ 

The skin is in the pathway of all intentionally or 
accidentally delivered external radiation. The changes 
encountered range from mild postirradiation (two to 
three days) erythema to late-appearing cancers. De- 
pending on the dose rate and penetrability of the radiant 
energy, one may observe postirradiation (two to three 
weeks) edema and epithelial desquamation (four to six 
weeks). Chronic radiodermatitis takes many forms in- 
cluding blotchy, increased pigmentation or depigmen- 
tation, hyperkeratosis, epilation (one to two months), 
skin atrophy, dermal and subcutaneous fibrosis, and, in 
some instances, telangiectases and ulcerations (six 
months to five years) (Fig. 10-21). The epidermal cells 
may show any of the general cytologic alterations de- 
scribed previously, while the underlying dermis exhibits 
the characteristic radiation-induced vascular changes 
accompanied by hyaline collagenization of connective 
tissue and basophilic degeneration of elastic fibers. The 
atrophy, depigmentation, and telangiectasia commonly 
persist for decades.'®” Squamous cell! skin cancers may 
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Figure 10—20. Chronic radiation damage to lungs. Note collagenous 


hyaline thickening of blood vessel walls and fibrosis of septal walls 
(arrow). 


appear years later (average eight to ten), sometimes as 
long as 56 years later. 

The hematopoietic and lymphoid systems are ex- 
tremely susceptible to radiant injury. With high dose 
levels and large exposure fields, severe lymphopenia 
may appear within hours of radiation, along with shrink- 
age of the lymph nodes and spleen. Radiation directly 
destroys lymphocytes, both in the circulating blood and 
in tissues (nodes, spleen, thymus, gut) and causes all 
the cytologic disorganizations already described. With 
sublethal doses of irradiation, regeneration is prompt, 
however, from viable precursors, leading to restoration 
of the normal lymphocyte complement of the blood 
within weeks to months. The circulating granulocyte 
count may at first rise but begins to fall toward the end 
of the first week. Levels near zero may be reached 
during the second week. If the patient survives, recov- 
ery of the normal granulocyte counts may require two 
to three months. Platelets are similarly affected, with 
the nadir of the count occurring somewhat later than 
that of the granulocytes, while recovery is similarly 
delayed. The hematopoietic cells in the bone marrow 
are also quite sensitive to radiant energy, including the 
red cell precursors. The marrow may become virtually 
acellular weeks after heavy exposure and may contain 
only varying numbers of disintegrated cells. Erythro- 
cytes are radioresistant, but anemia may appear after 
two to three weeks and be persistent for months because 
of marrow damage. Obviously, the severity of the blood 


and marrow depletion and its clinical significance de- 
pend on the dosage of radiation and the extent of marrow 
damage. Whole body irradiation may be lethal. Local- 
ized exposure may have no effect on the circulating 
blood counts. The neutropenia and thrombocytopenia 
are responsible for increased susceptibility to infections 
and bleeding diatheses in the postirradiation period. If 
the patient survives these hazards and the hypoxic injury 
resulting from the anemia, regeneration from primitive 
precursors may yield complete recovery. 

Studies of the survivors of the atomic bomb blasts 
have unmistakably demonstrated the leukemogenic ef- 
fect of radiation (p. 470). 

The gonads in both the male and female, particu- 
larly the germ cells, are highly vulnerable to radiation 
injury, and sterility is a frequent residual of such dam- 
age. In the testis, spermatogonia, then spermatocytes, 
spermatids, and spermatozoa are radiosensitive in the 
order given. The cytologic changes to be observed are 
those already described (p. 467) but, as late residuals, 
there may be total atrophy and fibrosis with hyalinization 
of the testicular tubules. Sertoli cells and interstitial 
cells are radioresistant. Within the ovary, the germ cells 
and even more so the follicular granulosal cells are 
vulnerable. Indeed, for given dosages of the same form 
of radiation, sterility is more frequent in the female than 
in the male, principally because of radiation destruction 
of the ovarian follicles. Cessation of menses and meno- 
pausal changes may be temporary or permanent, de- 
pending on the dosage of radiation. In passing, it should 
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Figure 10—21. Chronic radiodermatitis. There is collagenous hyalin- 
ization of dermis, atropny of skin appendages, and numerous dilated 
vascular telangiectases. 
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be noted that the uterus and cervix are quite radiore- 
sistant and hence permit the installation of radioactive 
elements into the uterine cavity for the treatment of 
endometrial carcinomas. 

The lungs, because of their rich vascularization, are 
vulnerable to radiation injury, and shortness of breath, 
coughing, and even acute fatal respiratory insufficiency 
may appear within weeks to months following sufficient 
exposure of large segments of the lung fields. During 
the acute phase, the endothelial cell changes described 
in the blood vessels are seen in the alveolar capillaries. 
The increased vascular permeability may lead to marked 
pulmonary congestion, edema, fibrin exudation, the 
formation of hyaline membranes, and even total filling 
of the air spaces by a rich proteinaceous and cellular 
debris, creating changes very similar to those of bacterial 
pneumonia. Later changes include fibrosis of the alveo- 
lar walls and the described vascular wall thickening and 
luminal obliteration (Fig. 10-20). The respiratory dys- 
function may be crippling or fatal since the “radiation 
pneumonitis” creates a profound alveolocapillary block. 
Bronchogenic carcinomas have occurred after prolonged 
inhalation of radioactive dusts by persons working in 
uranium mines. 

The gastrointestinal tract is quite radiosensitive 
and is frequently affected in all forms of deep radiation. 
Soon after exposure, patients often have loss of appetite, 
nausea, and vomiting, and many develop severe diar- 
rhea for a period of days. As might be expected, the 
intestinal epithelium is vulnerable because of its high 
turnover rate, and all forms of nuclear and cellular 
pleomorphism along with mitotic abnormalities are seen 
in mucosal cells in the postirradiation period. Mucosal 
edema, hyperemia, and ulcerations may appear, accom- 
panied by vascular and connective tissue changes in the 
submucosa at all levels from the mouth to the anus. 
Later effects comprise mucosal and submucosal atrophy 
and fibrosis, accompanied sometimes by similar atrophy 
and fibrosis of the muscularis. These changes may 
indeed cause intestinal and esophageal strictures or even 
complete obstruction. 

Nervous tissue is quite radiosensitive during em- 
bryonic development when nerve cells and glial cells 
are especially affected; relatively small doses of radiation 
in animals have caused severe damage to the developing 
central nervous system. Adult nervous tissue, on the 
other hand, is relatively radioresistant. Sufficiently high 
doses even in the adult may damage astrocytes and 
cause late-appearing injury to neurons.’ However, 
functional changes may appear during the immediate 
postirradiation period even though no morphologic 
changes are visible in the neurons. Necrosis of the brain 
and spinal cord has been reported following high dosages 
of radiation, presumably owing to involvement of the 
small blood vessels. 

Ultimately, all organs and cells are vulnerable to 
sufficiently high levels of radiant energy, but those not 
already mentioned are relatively radioresistant: e.g., the 
thyroid, parathyroid, pituitary, and adrenal glands; the 
liver; mature bone; and cartilage. Growing bone and 
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cartilage are, however, relatively radiosensitive and 
development has been stunted in survivors of atomic 
bomb blasts who were exposed during childhood.'* 
Even though the kidneys are not very radiosensitive, 
they sometimes develop so-called radiation nephritis, 
following sufficient exposure. 

Total Body Radiation. Exposure of large areas of 
the body to even very small doses of radiation may have 
devastating effects.’ As little as 100 to 300 rads of 
radiant energy in total body exposure delivered in one 
dose may induce an “acute radiation syndrome.” To 
place this radiation level in context, it must be appre- 
ciated that 4000 rads or more are often used in carefully 
shielded patients in the radiotherapy of tumors. Warren 
has provided an excellent summary of the significance 
of various levels of whole body exposure (Table 10-5). '”° 
The lethal range for man begins at about 300 rads of 
total body radiation, but is quite certain at 1000 rads. 
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Table 10-5. EXPECTED SHORT-TERM EFFECTS FROM 
ACUTE WHOLE BODY RADIATION 


Dose in 
Rads 


10 to 50 


Probable Effect 


No obvious effect except, probably, minor blood 
changes 

50 to 100 Vomiting and nausea for about one day in 5 to 
10% of exposed personnel. Fatigue, but no 
serious disability. Transient reduction in lym- 
phocytes and neutrophils. 

100 to 200 Vomiting and nausea for about one day, fol- 
lowed by other symptoms of radiation sickness 
in about 25 to 50% of personnel. No deaths 
anticipated. A reduction of approximately 50% 
in lymphocytes and neutrophils will occur. 

200 to 350 Vomiting and nausea in nearly all personnel on 
first day, followed by other symptoms of radia- 
tion sickness, e.g., loss of appetite, diarrhea, 
minor hemorrhage. About 20% die within 2 to 
6 weeks after exposure; survivors convalesce 
for about 3 months, although many have a 
second wave of symptoms at about 3 weeks. 
Up to 75% reduction in all circulating blood 
elements. 

350 to 550 Vomiting and nausea in most personnel on first 
day, followed by other symptoms of radiation 
sickness, e.g., fever, hemorrhage, diarrhea, 
emaciation. About 50% die within one month; 
survivors convalesce for about 6 months. 

550 to 750 Vomiting and nausea (or at least nausea) in all 
personnel within 4 hours after exposure, fol- 
lowed by severe symptoms of radiation sick- 
ness, as above. Up to 100% die, few survivors 
convalesce for about 6 months. 

1000 Vomiting and nausea in all personnel within 1 
to 2 hours. All die within days. 

5000 Incapacitation almost immediately (minutes to 
hours). All personnel will die within one week. 


From Warren, S.: The pathology of ionizing radiation. /n Bioas- 
tronautics Data Book. 2nd ed. Washington, D.C., NASA, 1973. 
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Depending on time-dose relationships, three acute 
radiation syndromes may develop: (1) hematopoietic, (2) 
gastrointestinal, and (3) cerebral. 

The hematopoietic syndrome is encountered with 
the absorption of between 100 and 300 rads. It usually 
begins with mild gastrointestinal symptoms related to 
injury to the radiosensitive mucosal lining of the gut; 
these subside and are followed by changes in the 
peripheral blood in turn associated with progressive 
atrophy of lymph nodes, spleen, and bone marrow. The 
first alteration in the circulating blood is marked depres- 
sion of lymphocytes, which may become maximal in 24 
to 36 hours. This is followed in two to three days by 
the progressive development of thrombocytopenia, neu- 
tropenia, and eventually anemia. As a consequence of 
these changes, bleeding problems or infections may 
make their appearance. 

The gastrointestinal syndrome occurs with a larger 
dose of absorbed radiation, on the order of 300 to 1000 
rads. It makes its appearance with nausea, vomiting, 
and severe diarrhea. The loss of fluids may lead to 
dehydration, contraction of the effective circulating 
blood volume, vascular collapse, and death, usually 
within three to four days. These clinical signs and 
symptoms are related to widely scattered cell death 
throughout the body, particularly prominent in the 
actively replicating mucosal cells of the gastrointestinal 
tract. If the acute vascular collapse is effectively treated 
by massive plasma replacement, the hematopoietic syn- 
drome almost always makes its appearance one to two 
days later. 

The cerebral syndrome appears when the absorbed 
dose is greater than 1500 to 2000 rads. It is always fatal 
and is characterized by listlessness and drowsiness, soon 
followed by convulsions, coma, and death within one to 
two hours. 

Absorption of 100 to 200 rads may or may not be 
lethal, but in any event it usually induces transient 
nausea and vomiting, sometimes followed by alterations 
in the peripheral blood similar to those described above. 
This is the mildest form of “acute radiation syndrome’ 
associated with total body exposure. 

In addition to these more or less “acute syn- 
dromes,’ total body irradiation may result in a number 
of late-appearing sequelae. These have been graphically 
documented in the survivors at Hiroshima and Nagasaki; 
the tragic consequences of the atomic blasts will be 
briefly reviewed “lest we forget.” Morgan has movingly 
detailed the events.’ The great preponderance of the 
more than 100,000 immediate or relatively early fatali- 
ties at these cities were the result of blast injuries and 
the following fire storms that engulfed these cities. 
Thousands more died from “acute radiation syndromes” 
and their sequelae. Months to years later a variety of 
forms of neoplasia began to appear. A 20-fold increased 
incidence of acute leukemia has occurred in those who 
were less than 10 years or over 50 years of age at the 
time of the blasts. The latent period for the appearance 
of these leukemias in children was approximately five 


to ten years, whereas in adults it was 10 to 20 years. 
These disorders took the forms of acute lymphocytic, 
acute myelogenous, and chronic myelogenous leukemia 
but, for unknown reasons, chronic lymphocytic leukemia 
was rarely induced. In children under 10 years of age 
at the time there has been an increased incidence of 
breast cancer (in females) and thyroid cancer as well as 
possibly lymphoma, multiple myeloma, and cancers of 
the stomach, esophagus, urinary tract and _ salivary 
glands.!7!: !” Individuals 50 years of age or older at the 
time of exposure have suffered a notable increase in the 
incidence of lung cancer. These postirradiation onco- 
genic changes are discussed in greater detail on page 
242. In addition, atomic bomb survivors have developed 
lenticular opacities and persistent chromosomal aberra- 
tions in lymphocytes. Even those exposed in utero were 
not spared and have manifested an increased frequency 
of microcephaly and mental retardation.‘ 

The atomic blasts make all too evident the injury- 
producing potential of radiant energy, albeit of enor- 
mous doses delivered within an instant in time. Because 
of its cumulative effects there is understandably great 
concern about low-level radiation, as may be emitted 
from nuclear reactors and improper disposal of nuclear 
wastes. To date, clear documentation of carcinogenicity 
has not appeafed, but the long latency is not comforting. 
There is ample evidence that low-level radiation may 
be carcinogenic. Solar radiation and the diagnostic and 
therapeutic uses of this form of energy have caused 
cancers, as pointed out (p. 241). In few areas of medicine 
is the old dictum more applicable—be sure that the 
treatment is not worse than the disease. 


NONIONIZING RADIATION 


It would be imprudent to conclude a chapter on 
environmental pathology without calling attention to the 
possible dangers of ultrasound, microwave, and laser 
energy. Although all of them find increasingly wide 
usage for medical, domestic, and industrial purposes, 
few data are available regarding their impact on man.!™ 
The cell destructiveness of laser beams is currently 
under exploration in many forms of therapy. Experi- 
ments in lower animals have shown that microwaves 
may cause cellular changes in the lens, bone marrow, 
and endocrine glands and may possibly have DNA- 
damaging potential. Unquestionably, some of this injury 
is due to the thermal effect, which is of course the 
virtue of this form of radiation in microwave ovens. 
Ultrasound, too, has been shown to alter nerve trans- 
mission in lower animal forms, but once again it may 
relate to thermal effects. With the growing use of 
sonography in obstetrics and the widespread domestic 
and industrial use of ultrasonic cleaning devices and 
microwave ovens, we can only hope that these forms of 
energy will prove to have no late-appearing adverse 
effects. 
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DISEASES OF INFANCY AND 
CHILDHOOD 


Birth Weight and Gestational Age 
Small-for-gestational-age (SGA) infants 


immaturity of organ systems Newborn 


Atelectasis Neonatorum 
Erythroblastosis Fetalis—Hemolytic Disease of 


Tumors and Tumor-like Lesions of Infancy and 
Childhood 
Choristomas 
Hamartomas 
Benign tumors and tumor-like lesions 
Malignant tumors 


Apgar score Inborn Errors of Metabolism 
Birth Injuries Phenyiketonuria (PKU) 
Congenital Malformations Galactosemia 

Deformations Cystic Fibrosis (CF, Mucoviscidosis) 


Respiratory Distress Syndrome in Newborn 


Children are not merely “little people” nor are 
their disorders merely variants of the diseases of adult 
life. Most of these conditions are unique to or at least 
take distinctive forms in this stage of life, and so merit 
the designation pediatric diseases. Collectively they 
exact a heavy toll. Considering all ages from birth to 
senility, “certain diseases of early infancy’ constituted 
the tenth leading cause of death in the United States in 
1977. As would be expected, the chances for survival of 
live-born infants improve with each passing week. The 
mortality rate in the first week of life is over ten times 
greater than in the second week. Ironically, this striking 
differential represents, at least in part, a triumph of 
improved medical care. Better prenatal care, more 
effective methods of monitoring the condition of the 
fetus, and more frequent resort to cesarean section 
before term when there is evidence of fetal distress all 
contribute to bringing onto this “mortal coil” live-born 
infants who in past years might have been stillborn. 
These represent, then, an increased number of “high- 
risk” infants. Nonetheless, the infant mortality rate in 
the United States has shown a gratifying decline from a 
level of 20.0 deaths per 1000 population in 1970 to 12.8 
in 1980. However, before we derive comfort from these 
data, we must also note that the infant mortality rate in 
the U.S. is still well above that of many other developed 
nations, particularly Scandinavia and the Netherlands. 

Each stage of development of the infant and child 
is prey to a somewhat different group of disorders. The 
data available permit a survey of four time spans: (1) 
the neonatal period (the first four weeks of life), (2) 
infancy (the first year of life), (3) 1 to 4 years of age, and 
(4) 5 to 14 years of age. The single most hazardous 
period in life is unquestionably the neonatal period. 
Never again is the individual confronted with more 
dramatic challenges than in the transition from depend- 
ent intrauterine existence to independent postnatal life. 
From the moment the umbilical cord is severed, the 
circulation to the heart is radically rerouted. Respiratory 
function must take over the role of oxygenation of the 
blood. Maintenance of body temperature and other 
homeostatic constants must now be borne alone by the 
fledgling organism. All these adaptations render the 
neonate particularly vulnerable. 

The major causes of death in infancy (the first year 
of life) are cited in Table 11-1. The 1980 rate from all 
causes, 1288 deaths per 100,000 population, has de- 
creased significantly as compared with 1606, the rate 
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Sudden Infant Death Syndrome (SIDS) 


that prevailed in 1975. It is evident that congenital 
anomalies, respiratory distress syndrome, immaturity, 
birth trauma, birth asphyxia, complications of preg- 
nancy, pneumonia, meningitis, diseases of the nervous 
system, and accidents represents the leading causes of 
death in the first year of life. 

Once the infant survives the first year of life, the 
outlook brightens measurably. However, it is sobering 
to realize that in the next two age groups—1 to 4 and 
5 to 14—accidents have become the leading cause of 
death (Table 11-1). Among the natural diseases, in order 
of importance, congenital anomalies, malignant neo- 
plasms, and pneumonia assume major significance. It 
would appear then that, in a sense, life is an obstacle 
course. Fortunately for the great majority of us, the 
obstacles are surmounted, or even better, bypassed. 
We can now take a closer look at the specific conditions 
encountered during the various stages of infant and 
child development. 


BIRTH WEIGHT AND GESTATIONAL AGE 


It has been known for many years that infants born 
before completion of the normal gestation period have 
higher morbidity and mortality rates than full-term 
infants. Understandably, the vital organs of preterm 
infants are immature and therefore unable to adapt 
readily to early extrauterine existence. As might be 
expected, infants who have failed to complete normal 
intrauterine growth weigh less than full-term infants. In 
view of this association between low birth weight and 
immaturity in preterm infants, birth weight has tradi- 
tionally been used as a guidepost for fetal maturity. 
Thus, in the past premature infants have been defined 
as those having birth weight less than 2500 gm, regard- 
less of the age of gestation. Although birth weight is 
indeed an important predictor of neonatal mortality 
(Table 11-2), it is somewhat inaccurate to define pre- 
maturity by birth weight alone, since weight is but one 
of the several parameters of intrauterine growth. Not in 
every case do fetal maturity and birth weight go hand 
in hand. For example, an infant weighing 2300 gm but 
born at 34 weeks of gestation is likely to be more 
immature and therefore at greater risk of suffering the 
consequences of organ system immaturity (e.g., respi- 
ratory distress syndrome, RDS p. 482) than the 2300- 
gm full-term infant with functional maturity of the lungs 
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Table 11-1. SELECTED CAUSES OF DEATH IN INFANCY AND CHILDHOOD* 


Causes 


All causes 
Certain conditions originating in perinatal period 
Disorders relating to short gestation and unspecified 
low birth weight 
Newborns affected by complications of placenta, cord, 
and membranes 
Birth trauma 
Birth asphyxia 
Respiratory distress syndrome 
Hemolytic disease of newborn due to isoimmunization, 
and other perinatal jaundice 
All other conditions originating in perinatal period 
Congenital anomalies 
Pneumonia 
Diseases of respiratory system (excluding pneumonia) 
Septicemia 
intestinal infectious diseases 
Meningitis 
Diseases of nervous system and sense organs 
(excluding meningitis) 
Malignant neoplasms, including neoplasms of lymphatic 
and hematopoietic tissues 
Cystic fibrosis 
Accidents and adverse effects (including motor vehicle) 
All other causes 


Under 1 yr 1-4 Yr 5-14 Yr 
1288.3 63.9 30.6 
643.7 0.7 0.0 
103.2 
27.9 
29.9 
34.4 
141.2 
2.6 
304.5 
260.9 8.0 1.6 
28.3 2.0 0.5 
20.5 2.0 0.6 
6.8 0.6 0.1 
3.6 0.2 0.0 
12.5 1.7 0.1 
15.2 3.7 1.8 
3.2 4.5 4.3 
se 0.3 0.6 
33.0 25.9 15.0 
259.4 14.4 5.9 


*Death rates per 100,000 population in a specified group. Data for the year 1980 provided by Statistical Resource Branch, Division of 


Vital Statistics, National Center for Health Statistics, Hyatsville, MD. 


and little risk of developing RDS. As discussed below, 
these “small-for-dates” infants, who constitute a full 
one-third of low-birth-weight infants, are also a high- 
risk group, but the underlying basis for their problems 
is quite distinct. In recent years, therefore, a system of 
classification that takes into account both gestational age 
and birth weight has gained acceptance. Infants are 
classified as being appropriate for gestational age (AGA), 
small for gestational age (SGA), and large for gestational 
age (LGA). Those whose birth weight falls between the 
10th and the 90th percentile for a given gestational age 
are considered AGA, whereas those who fall above or 
below these norms are classified as LGA or SGA re- 
spectively. With respect to gestational age, infants born 
before 37 or 38 weeks are considered preterm, while 
those delivered after the 42nd week are considered 
postterm. Figure 11-1 presents several possible cate- 
gories of infants when both gestational age and birth 
weight are taken into account. It also demonstrates that 
the risk of neonatal mortality as well as morbidity are 
strongly influenced by both birth weight and gestational 
age. For example, infants born before the 34th week 
with birth weights between 1000 and 1500 gm have a 
50% mortality and 90% morbidity; however, within the 
same weight category, birth after the 34th week reduces 
the risk of mortality to 13% but the chances of morbidity 
remain high at 86%. These figures reflect the somewhat 
distinctive distribution of diseases within each of the 
birth weight—gestational age groups, which are dis- 
cussed in specialized texts.! Here we will discuss briefly 


SGA infants to highlight the utility of this classification, 
since such infants make up a significant fraction of those 
of low birth weight. 


SMALL-FOR-GESTATIONAL-AGE (SGA) INFANTS 


Most experts agree that at least one-third of infants 
who weigh less than 2500 gm are born at term and that 
they are therefore undergrown rather than immature. 
Impaired intrauterine growth underlies SGA. It may 
result from a variety of factors, which can be grouped 


Table 11-2. NEONATAL MORTALITY RATE BY BIRTH WEIGHT 
AT UNIVERSITY OF COLORADO MEDICAL CENTER, 
1958 TO 1968 


Birth Weight No. No. Mortality 

(gm) Admitted Died Rate (%) 
4001+ 531 4 0.8 
3501-4000 2528 7 0.3 
3001-3500 6040 22 0.4 
2501-3000 4977 29 0.6 
2001-2500 1429 40 3.0 
1501-2000 449 63 14.0 
1001-1500 190 83 44.0 
501-1000 108 97 90.0 
500 or less 35 35 100.0 


Reproduced with permission from Lubchenko, L. O.: Survival 
of the newborn infant. In Paxon, C. L., Jr. (ed.): Van Leeuwen’s 
Newborn Medicine. 2nd ed. Copyright © 1979 by Year Book Medical 
Publishers, Inc., Chicago. 
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Figure 11-1. Neonatal mortality and morbidity according to birth weight and gestational age. Within 
each of the three gestational age groups (preterm, term, and postterm), infants are further divided 
into three categories on the basis of birth weight: large for gestational age (LGA), appropriate for 
gestational age (AGA), and small for gestational age (SGA). Thus, a total of nine major groups can 
be defined by the use of these criteria. Several subgroups, represented as boxes enclosed within 
continuous lines, are also shown. In each such subgroup, the risk of mortality and morbidity (in 
parentheses) is expressed as percentages. For example, infants born between the 30th and 38th 
week, weighing 1500 to 2500 gm, have an 8% risk of mortality and 39% risk of morbidity. (Modified 
from Lubchenco, L. O.: The High Risk Infant. Philadelphia, W. B. Saunders Co., 1976, pp. 104 and 


112.) 


broadly into three categories—fetal, placental, and ma- 
ternal. (1) The factors associated with the fetus are those 
that reduce its growth potential despite an adequate 
supply of nutrients from the mother. Prominent among 
such fetal conditions are chromosomal disorders, con- 
genital anomalies, and congenital infections. Although 
the higher incidence of congenital malformations in 
small-for-dates infants is well established, the basis of 
this association is not clearly understood. (2) In the third 
trimester of pregnancy, vigorous fetal growth places 
heavy demands on the uteroplacental supply line. Pla- 
cental insufficiency, therefore, is an important cause of 
growth retardation. This may result from infections, 
tumors, or vascular lesions such as infarctions. In some 
cases the placenta may be small without any detectable 
underlying cause. (3) By far the most common factors 
associated with SGA infants are maternal. Vascular 
diseases such as toxemia and chronic hypertension are 
often the underlying cause. Although maternal under- 
nutrition may well be expected to affect fetal growth, 
the association between SGA and the nutritional status 
of the mother is controversial. The list of other maternal 
conditions associated with SGA is long,! but some of 


the avoidable factors worth mentioning are maternal 
narcotic abuse, alcohol intake, and heavy cigarette 
smoking. The specific anatomic findings in SGA infants 
vary with the causes discussed above. In general, how- 
ever, several organs such as brain, heart, and spleen 
tend to be heavier than expected for the body weight, 
and as might be anticipated the histologic maturation of 
organs such as kidney and lungs is more appropriate for 
the gestational age than the body weights. 


IMMATURITY OF ORGAN SYSTEMS 


A major problem confronting the preterm infant 
regardless of birth weight is the functional and some- 
times structural immaturity of various organs. Those 
who are also SGA are understandably the most seriously 
handicapped. Since immaturity may be the direct cause 
of death in very early preterm infants and significantly 
biases the probable outcome of others, it is appropriate 
to consider the features of immaturity of the more vital 
organs. 

LunGs. During the first half of fetal life, the devel- 


opment of the lungs consists essentially of the formation 
of a system of branching tubes from the foregut that 
eventually give rise to the trachea, bronchi, and bron- 
chioles. The alveoli only begin to differentiate at ap- 
proximately the seventh month of gestation. They are 
at first imperfectly formed, with thick walls and large 
amounts of inter- and intralobular connective tissue. 
The vascularization is buried within this connective 
tissue and is not in immediate contact with the alveolar 
spaces (Fig. 11-2). The epithelium lining the air spaces 
at this time is cuboidal and not anatomically suited to 
effecting the rapid transfer of oxygen to the blood. 
Between the 26th and 32nd weeks of gestation, the 
cuboidal epithelium shows transition to the flat, type I 
alveolar epithelial cells as well as type II cells that 
contain lamellar bodies (see also p. 706). Further mat- 
uration of lungs leads to reduction in the interstitial 
tissues and increasing numbers of capillaries. However, 
even at full term the alveoli are small and the septa are 
considerably thicker than in the adult. Most of the cells 
lining the alveoli are type I cells. The type II cells 
appear in small clusters, mainly at the branching points 
of alveolar ducts. 

The immature lungs, then, are grossly unexpanded, 
red, and meaty. The alveolar spaces are incompletely 
expanded and usually contain pink proteinaceous pre- 
cipitate and occasional squamous epithelial cells. The 
presence of large amounts of amniotic debris, such as 
squames, lanugo hair, and mucus, usually indicates 
prenatal respiratory distress. Although lungs of stillborn 
infants usually sink when immersed in water, the “float- 


are thick and cellular, and the alveolar spaces are small. 
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ing test’ is not a critical index of postnatal respiration. 
Despite the fact that infants may have breathed prior to 
death, the very weak respiratory muscles and shallow 
respiration, with little exchange of air or resorption of 
the contained air, may both cause the lungs to sink 
when placed in water. Contrariwise, bacterial growth 
may produce gas that will create buoyancy in the lungs. 

KIDNEYS.. In the preterm infant the formation of 
glomeruli is incomplete. Primitive glomeruli can be 
seen in the subcapsular zone. These structures have an 
organoid, glandular appearance imparted by the pres- 
ence of cuboidal cells in the parietal and visceral layers 
of Bowman's capsule. However, the deeper glomeruli 
are well formed and renal function is adequate to permit 
survival. 

BRAIN. The brain is also incompletely developed in 
the preterm infant. The surface is relatively smooth and 
devoid of the typical convolutions found in the cerebral 
hemispheres of the adult. The brain substance is soft, 
gelatinous, and easily torn, and the definition between 
white and gray matter is somewhat ill defined. This lack 
of separation is in large part attributable to poorly 
developed myelination of the nerve fibers. Notwith- 
standing this underdevelopment, to the best of our 
present knowledge the vital brain centers are sufficiently 
developed even in the very immature infant to sustain 
normal central nervous system function. However, 
homeostasis is not perfect, and the preterm infant has 
difficulty in maintaining a constant normal level of 
temperature and has poor vasomotor control, irregular 
respirations, muscular inertia, and feeble sweating. 
None of these difficulties is incompatible with survival. 

Liver. The liver, although large relative to the size 
of the preterm infant, suffers from lack of physiologic 
maturity. Some of this increase in size is due to persist- 
ence of extramedullary hematopoiesis in this organ. 
Many or most of the functions of the liver are marginally 
adequate to carry out the demands placed upon them. 
Almost all newborns and particularly those of low birth 
weight have a transient period of physiologic jaundice 
within the first postnatal week. This jaundice stems 
from both breakdown of fetal red cells and inadequacy 
of the biliary excretory function of liver cells. Deficien- 
cies of bilirubin glucurony] transferase, hydroxylating 
enzymes, and protein synthetic capacity, to name only 
a few hepatic systems, all characterize the immature 
liver. 


APGAR SCORE 


The Apgar score devised by Dr. Virginia Apgar 
represents a clinically useful method of evaluating the 
physiologic condition and responsiveness of the newborn 
infant, and hence its chances of survival.” Table 11-3 
indicates the five parameters to be scored and how they 
are quantitated. The newborn infant may be evaluated 
at one minute or at five minutes. A total score of 10 
indicates an infant in the best possible condition. The 
correlation between the Apgar score and the mortality 
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Table 11-3. EVALUATION OF THE NEWBORN INFANT 


a cc cca 


Sign 0 1 2 
Heart rate Absent Below 100 Over 100° 
Respiratory effort Absent Slow, irregular Good, crying 
Muscle tone Limp Some flexion of extremities Active motion 
Response to catheter in nostril (tested No response Grimace Cough or 
sneeze 


after oropharynx is clear) 


Color Blue, pale 


Body pink, extremities blue Completely pink 


Sixty seconds after the complete birth of the infant (disregarding removal of the cord and placenta) the five objective signs above are 
evaluated and each is given a score of 0, 1, or 2. A total score of 10 indicates an infant in the best possible condition. 
Modified from Apgar, V.: A proposal for a new method of evaluation of the newborn infant. Anesth. Analg. 32:260, 1953. 


during the first 28 days of life is very impressive. Infants 
with a five-minute Apgar score of 0 to 1 have a 50% 
mortality within the first month of life. This drops to 
20% with a score of 4, and to almost 0% when the score 
is 7 or better.” 


BIRTH INJURIES 


Birth injuries constitute an important cause of 
illness or death in infants as well as in children during 
the first years of life. Understandably, LGA infants are 
at a greater risk of sustaining birth injuries, but no 
group is immune. Preterm AGA or SGA infants, al- 
though smaller, have higher associated morbidity since 
they are the least equipped to adapt. Anatomic imma- 
turity may also increase the risk of some forms of birth 
injuries (e.g., intraventricular hemorrhage). These in- 
juries may affect any part or any region of the body but 
most commonly involve the head, skeletal system, liver, 
adrenals, and peripheral nerves. Considering the violent 
expulsive forces to which the fragile fetus is exposed, it 
is quite surprising that birth injuries are so relatively 
uncommon. It is important to stress that although some 
birth injuries are avoidable, some are unavoidable even 
with optimal obstetric care. If the process of birth were 
not laborious to mother and infant, why would it have 
been termed “labor?” 

Morbidity associated with birth injury may be acute 
(such as that due to fractures) or the result of later 
appearing sequelae, such as following damage to nerves 
or the brain. The distribution of injuries (other than 
cephalhematoma, which is hardly to be considered an 
injury) in a large municipal hospital is as follows, in 
descending order of frequency: clavicular fracture, facial 
nerve injury, brachial plexus injury, intracranial injury, 
humeral fracture, and lacerations.* Among these, intra- 
cranial injuries are the most ominous. Discussion of the 
other birth injuries may be found in a 1981 review. 

Caput succedaneum and cephalhematoma are so 
common even in normal uncomplicated births that they 
hardly merit the designation birth injury. When the 
head is the presenting part, some portion of the scalp 
is exposed in the progressively dilating cervical os. As 
the fetus is subjected to the compressive forces of labor, 
fluid tends to accumulate in the small area of the scalp 
that presents in the cervical os and is not exposed to 


the increased uterine pressure. The progressive accu- 
mulation of interstitial fluid in the soft tissues of the 
scalp gives rise to a usually circular area of edema, 
congestion, and swelling called a caput succedaneum. 
When the presenting part of the fetus is not the head, 
similar edema may involve whatever region presents in 
the cervical os. Hemorrhage may occur into these areas 
of edema and, when it involves the scalp, produces a 
cephalhematoma. Usually the blood accumulates be- 
tween the outer table of the calvarial bone and the 
pericranial or periosteal membrane. The swelling does 
not cross the cranial sutures and is therefore distinct 
from a caput succedaneum, which occurs more super- 
ficially in the soft tissues of the scalp. Both forms of 
injury are of little clinical significance and are of impor- 
tance only insofar as they must be differentiated from 
skull fractures with attendant hemorrhage and edema. 
In approximately 25% of cephalhematomas there is an 
underlying skull fracture. 

The skull bones may be fractured or may override 
each other, particularly when there is some disturbance 
in the ordinary mechanism of labor. Precipitate or 
sudden delivery with incomplete molding of the head, 
overenthusiastic use of forceps, and prolonged intense 
labor with disproportion between the size of the fetal 
head and birth canal are some of the common circum- 
stances that surround the occurrence of these skull 
injuries. 

Intracranial hemorrhage is probably the most com- 
mon important birth injury. These hemorrhages are 
generally thought to be related to excessive molding of 
the head or sudden pressure changes in its shape as it 
is subjected to the pressure of forceps or sudden pre- 
cipitate expulsion. Prolonged labor, anoxia, hemorrhagic 
disorders, or intracranial vascular anomalies are impor- 
tant predispositions. The hemorrhage may arise in tears 
in the dura, particularly in the falx cerebri and tentorium 
cerebelli; the dural sinuses may be stretched beyond 
their elastic limit and may rupture; the substance of the 
brain may be torn or bruised, leading to intraventricular 
hemorrhages or bleeding into the brain substance; or 
vessels that traverse the subdural space may be rup- 
tured. Whatever their origin, intracranial hemorrhages 
are of great importance, since they cause sudden in- 
creases in intracranial pressure; damage to the brain 
substance; herniation of the medulla or base of the brain 
into the foramen magnum; and serious, frequently fatal 
depression of function of the vital medullary centers. 


CONGENITAL MALFORMATIONS 


Congenital malformations can be defined as struc- 
tural defects that are present at birth, but some, such 
as cardiac defects and renal anomalies, may not become 
clinically apparent until years later. It is estimated that 
about 2% of newborns have a major malformation, 
defined as a malformation having either cosmetic or 
functional significance.® As indicated in Table 11-1, they 
are the leading cause of infant mortality. Moreover, 
they continue to be a significant cause of illness, dis- 
ability, and death throughout the early years of life. In 
a real sense, malformations found in live-born infants 
represent the less serious developmental failures in 
embryogenesis that are compatible with live birth. 
Perhaps 20% of fertilized ova are so anomalous that they 
are blighted from the outset. Less severe anomalies 
may be compatible with early fetal survival, only to lead 
to spontaneous abortion. As one descends the scale of 
severity, a level is reached that permits more prolonged 
intrauterine survival, with some disorders terminating 
in stillbirth, and those still less significant permitting 
live birth despite the handicaps imposed. 

Here we should distinguish between malformations 
and deformations. Malformations represent primary er- 
rors in morphogenesis; deformations arise later in fetal 
life and represent alterations in form or structure 
resulting from mechanical factors. We shall consider 
deformations at the end of this section. Malformations 
may present in several patterns. Some such as congenital 
heart defects involve single body systems, whereas in 
other cases multiple malformations involving many or- 
gans and tissues may coexist. Multiple congenital anom- 
alies may have their origin in a single localized aberra- 
tion in organogenesis leading to secondary ripple effects 
in other organs. For example, early urethral obstruction 
may secondarily affect renal morphogenesis as well as 
lead to defects in the lower limbs due to compression 
of blood vessels. Such a pattern of cascade effects is 
called a malformation sequence. On the other hand, a 
patient may have several defects that cannot be ex- 
plained on the basis of a single localized initiating 
malformation. These are called malformation syn- 
dromes. Most often they are caused by a single etiologic 
agent, e.g., viral infections that simultaneously affect 
several tissues. 

ETIOLOGY. Known causes of human malformations 
can be grouped into two major categories—genetic and 
environmental (Table 11-4). Almost two-thirds, how- 
ever, have no recognized cause. 

Malformations that are genetic in origin can be 
divided into three groups: (1) those associated with 
chromosomal aberrations, (2) those arising in gene mu- 
tations, and (3) those resulting from multifactorial in- 
heritance. Since the precise environmental and genetic 
factors responsible for the malformations in the third 
group are largely unidentified, they are often included 
in the unknown category (Table 11-4). You may recall 
from the chapter on genetic disorders (Chap. 4) that 
virtually all the chromosomal syndromes are character- 
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Table 11-4. CAUSES OF CONGENITAL MALFORMATIONS 
IN HUMANS 


Congenital Malformations 


Cause incidence (%) 


Genetic 
Known genetic transmission 20 
Chromosomal aberration 4-5 
Multifactorial ? (Included in 

unknown) 
Environmental 
Infections 
Rubella 
Cytomegalovirus 
Herpesvirus hominis 
Toxoplasma gondii 
Syphilis 

Drugs and Chemicals 
Androgenic hormones 
Folic acid antagonists 
Thalidomide 
Organic mercury 
Alcohol 
Warfarin 

Irradiation 

Unknown 


2-3 


4-6 


1 
65-70 
Modified from Bolande, R. P.: Developmental pathology. Am. 
J. Pathol. 94:642, 1979. 


ized by congenital anomalies. Chromosomal abnormal- 
ities are present in approximately 4 to 5% of live-born 
infants with congenital malformations (p. 123). Only one 
reaches the birth frequency of one in 1000 total births, 
namely, trisomy 21 (Down's syndrome) (p. 126). Next 
in order of frequency are Klinefelters, Turner's, and 
trisomy 13 (Patau’s syndrome). The remaining chromo- 
somal syndromes associated with malformations are far 
more rare. The great preponderance of these cytoge- 
netic aberrations arise as defects in gametogenesis and 
so are not familial. There are, however, transmissible 
chromosomal abnormalities, as for example the translo- 
cation form of Down’s syndrome passed from one gen- 
eration to the next, thus constituting a familial pattern 
of structural abnormalities. 

Major malformations may be determined by single 
genes of large effect, thus representing mendelian dis- 
orders. On the whole these are relatively uncommon 
and do not have a birth frequency of one in 1000 births. 
Among these rare entities are the relatively less serious 
limb malformations: polydactyly, syndactyly, and 
brachydactyly. However, as pointed out below, there is 
still some question about the mode of transmission of 
some of these, and multifactorial inheritance cannot be 
totally excluded. In addition, there are a number of 
malformation syndromes in which multiple anomalies 
occur in disorders having mendelian modes of transmis- 
sion, as for example Marfan's syndrome and the muco- 
polysaccharidoses. 

Multiiactorial inheritance is believed to underlie 
the most common major malformations, particularly 
when the malformation is single, i.e., not associated 
with other malformations. You may recall from the 
earlier discussion in Chapter 4 that multifactorial inher- 
itance is involved in many of the physiologic character- 
istics such as height, weight, and blood pressure. Such 
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phenotypic characteristics fall on a continuous or gaus- 
sian distribution curve. Similarly, in the case of malfor- 
mations, the liability to a disorder (determined by 
genetic and environmental factors) is a continuous var- 
iable, but there is in addition a “threshold” that divides 
individuals with and without the disorder. Thus, it 
would appear that the inheritance of a certain number 
of mutant genes and their interaction with the environ- 
ment is required before the disorder is expressed. In 
the case of congenital dislocation of the hip, for example, 
depth of the acetabular socket and laxity of the ligaments 
are believed to be genetically determined, whereas a 
significant environmental factor is believed to be frank 
breech position in utero with hips flexed and knees 
extended. In most instances, however, the nature of 
genetic and environment factors and their interplay are 
unknown. The approximate frequency and sex ratio of 
the common single malformations in Great Britain are 
presented in Table 11-5, and there is no reason to 
doubt the applicability of these data to other countries 
having relatively advanced medical services. These mal- 
formations have been described in the appropriate chap- 
ters of this book. 

Environmental influences such as viral infections, 
drugs, and irradiation to which the mother was exposed 
during pregnancy may induce malformations in the fetus 
and infant. Many viruses have been implicated, includ- 
ing the agents responsible for rubella, cytamegalic in- 
clusion disease, herpes simplex, varicella-zoster infec- 
tion, influenza, mumps, and enterovirus infections. 
Among these, the rubella virus and the cytomegalovirus 
of cytomegalic inclusion disease are the most important. 
With all viruses, the gestational age at which the infec- 
tion cecurs in the mother is critically important. The at- 
risk period for rubella infection extends from shortly 
before conception to the 16th to 20th week of gestation, 
the hazard being greater in the first eight weeks than 
the second eight weeks. Various studies indicate that 
with infection in the first four-week period, approxi- 
mately 50% of live-born infants will have malformations, 
a risk so great that abortion is often advised. The 
incidence of malformations is reduced to 20% and 7% if 
infection occurs in the second or third month of gesta- 
tion, respectively. The fetal defects are extremely var- 
ied, but the major triad comprises cataracts, heart 
disease, and deafness, referred to as the “rubella syn- 
drome.” The cardiac lesions take many forms, particu- 


larly persistent ductus arteriosus, pulmonary artery hy- 
poplasia, pulmonary valve stenosis, aortic stenosis, 
ventricular septal defect, and tetralogy of Fallot. Other 
possible concomitant defects are microphthalmia, mi- 
crocephaly, mental retardation, hepatomegaly, spleno- 
megaly, and retardation of both intrauterine and _post- 
natal growth. 

Intrauterine infection with the cytomegalovirus is 
the most common fetal viral infection, the incidence 
being estimated to be four to ten infected infants per 
1000 births. This viral disease is considered in detail 
elsewhere (p. 286), and it suffices here to indicate that 
the highest at-risk period appears to be the second 
trimester of pregnancy. Since organogenesis is largely 
completed by the end of the first trimester, congenital 
malformations occur less frequently than in rubella; 
nevertheless, the effects of virus-induced injury on the 
formed organs are often severe. Involvement of the 
central nervous system is a major feature, and the most 
prominent clinical changes are mental retardation, mi- 
crocephaly, deafness, and hepatosplenomegaly. Several 
other abnormalities are detailed in the discussion of this 
condition on page 286. The other viral agents previously 
mentioned have at one time or another been implicated 
as infective causes of congenital malformations, but the 
number of reported cases is far fewer and the evidence 
less substantial. 

A variety of drugs and chemicals have been sus- 
pected to be teratogenic. However, in view of the 
complex interactions between genetic and environmen- 
tal factors in the pathogenesis of most common malfor- 
mations, it is difficult to establish a definite role of a 
suspected teratogen. Furthermore, the more widely 
used is a potential teratogen and the more common a 
suspected malformation, the more often will thev be 
associated by chance. Perhaps only 4 to 6% of congenital 
malformations are caused by drugs and chemicals. The 
list of chemicals and drugs definitely known to cause 
malformations includes thalidomide, folate antagonists, 
androgenic hormones, alcohol, anticonvulsants, warfarin 
(oral anticoagulant), and organic mercury. Here we will 
review the teratogenic action of two agents: thalidomide, 
which caused an epidemic of malformations in the early 
1960s, and alcohol, which is widely used but poorly 
appreciated as a teratogenic agent. Thalidomide, once 
popular as a tranquilizer in Europe, is one of the few 
drugs that causes an extremely high frequency (50 to 


Table 11-5. APPROXIMATE FREQUENCY AND SEX RATIO OF THE MORE COMMON 
MAJOR CONGENITAL MALFORMATIONS IN GREAT BRITAIN 


a 


Malformation 


Congenital heart defects 

Pyloric stenosis 

Spina bifida cystica 

Anencephaly 

Cleft lip (+ cleft palate) 

Congenital dislocation of the hip (late diagnosis) 


Frequency/ Approximate 
1000 Total Sex Ratio 
Births (Male:Female) 

6.0 1.0 

3.0 4.0 

2.5 0.6 

2.0 0.3 

1.0 1.8 

1.0 0.14 


From Carter, C. O.: Genetics of common single malformations. Br. Med. Bull. 32:21, 1976. 


80%) of malformations in those exposed to the drug 
during a vulnerable period. Although the characteristic 
anomalies of the thalidomide syndrome affect the limbs, 
several other organs may be affected, depending on the 
period of exposure during embryogenesis. The limb 
abnormalities range from severe, such as amelia (ab- 
sence of limbs) and phocomelia (“seal limbs,” absence 
of limb with hands or feet attached directly to the 
trunk), to minor, such as hypoplasia of the thumb. 
Alcohol, perhaps the most widely used agent today, has 
only recently been recognized as a teratogen. Although 
the exact frequency of alcohol-induced malformations is 
difficult to ascertain, current estimates range from one 
to five live births per 1000.7 Affected infants show 
growth retardation, microcephaly, atrial septal defect, 
short palpebral fissures, maxillary hypoplasia, and sev- 
eral other minor anomalies. These together are labeled 
the fetal alcohol syndrome. The level of alcohol con- 
sumption necessary to produce this has not been estab- 
lished with certainty. Suffice it to say that in most cases 
the mothers are chronic alcoholics who have consumed 
alcohol throughout gestation. 

Irradiation, in addition to being mutagenic and 
carcinogenic, is teratogenic. Exposure to heavy doses of 
irradiation during the period of organogenesis leads to 
malformations such as microcephaly, blindness, skull 
defects, spina bifida, and other deformities. Such ex- 
posure occurred in the past when irradiation was used 
to treat cervical cancer. Similarly, exposure to radioac- 
tivity from atomic bomb explosions in Japan led to an 
increased incidence of malformations. Whether lower 
doses of irradiation such as those used in diagnostic x- 
rays are also teratogenic is not known. 

PATHOGENESIS. The pathogenesis of congenital 
malformations is complex and still poorly understood. 
Certain general principles of developmental pathology 
that are relevant regardless of the etiologic agent will 
be discussed first. The timing of the prenatal insult has 
an important impact on both the occurrence and the 
type of malformation produced. The intrauterine de- 
velopment of humans can be divided into two phases: 
the embryonic period occupying the first nine weeks of 
pregnancy, and the fetal period terminating at birth. In 
the early embryonic period (first three weeks after 
fertilization), an injurious agent damages either enough 
cells to cause death and abortion, or only a few cells, 
presumably allowing the embryo to recover without 
developing defects. Between the third and ninth weeks 
the embryo is extremely susceptible to teratogenesis, 
and the peak sensitivity during this period is between 
the fourth and fifth weeks. It is during this period that 
organs are being created out of the germ cell layers. 
The process of organogenesis including the intricate 
morphogenetic movements is extremely susceptible to 
injury, regardless of its nature. The fetal period that 
follows organogenesis is marked chiefly by the further 
growth and maturation of the organs, with greatly 
reduced susceptibility to teratogenic agents. Instead the 
fetus is susceptible to growth retardation or injury to 
already formed organs. For example, in the first trimes- 


481 


Congenital Malformations 


ter, viral infections such as rubella produce malforma- 
tions by disrupting the developmental program, but 
later during pregnancy the result of virus infections is 
usually tissue injury accompanied by inflammation such 
as congenital encephalitis. Timing of the teratogenic 
insult is also important with respect to the specific 
malformation produced. During the period of morpho- 
genesis, different organs are being formed both simul- 
taneously and sequentially, but each organ has a critical 
period during which it is most susceptible to induction 
of malformation. It is therefore possible for a given 
agent to produce different malformations if exposure 
occurs at different times of gestation. In general, mal- 
formations resulting from incomplete morphogenesis 
usually have their origin when the development of the 
organ in question is not yet completed. For example, a 
ventricular septal defect may occur from exposure to a 
teratogen before six weeks of gestation, since the ven- 
tricular septum closes at this time. Similarly, cleft lip 
must occur before closure of the lip at 36 davs. It must 
be remembered, however, that knowledge of embryo- 
logic timetables does not allow an estimate of the 
particular time when the malformation was produced; 
one can only say that the teratogen acted prior to a 
given time. 

In producing malformations, teratogens may act at 
several levels. These include cell proliferation, cell mi- 
gration, differentiation, and in some instances damage 
to formed and differentiated organs. Inhibition of cell 
proliferation or cell death occurring at critical points in 
development can lead to serious malformations. Failure 
of planned cell death may also produce malformations 
such as syndactyly. As indicated earlier, cell migrations 
play an important role in morphogenesis. Orderly mi- 
grations take place in matrices, which may be disrupted 
by teratogenic agents. For example, in experimental 
animals, disturbance in collagen-matrix formation by 
cadmium produces major craniofacial anomalies since 
the migration of neural crest cells is inhibited. Anticon- 
vulsant drugs, on the other hand, impair the appropriate 
differentiation of the mesenchyme and give rise to cleft 
palate in rodents. It must be remembered in this context 
that although a given teratogen may initiate its action 
primarily by affecting proliferation, migration, or differ- 
entiation, interference in any one of these mechanisms 
may lead to a cascade of effects in all three processes. 
Although the risk of malformations is reduced after 
morphogenesis is complete, differentiated tissues may 
also be affected by teratogens. For example, focal cell 
death in differentiated tissues caused by anoxia, chem- 
icals, or virus infections can lead to formation of fluid- 
or blood-filled blebs that can result in significant local 
malformations. 

Another important principle of teratology relates to 
the role of heredity in the susceptibility to malforma- 
tions. Here we are not concerned with genetic factors 
in the etiology of malformations, but with the role of 
heredity in predisposition to the effects of known tera- 
togens. The best example to illustrate this principle is 
cleft palate induced by cortisone in mice. A given dose 


482 


of cortisol administered to the mother produces 100% 
incidence of cleft palate in the progeny of A strain mice 
but only 20% in C57BL/6 mice. This has been related 
to the frequency of receptors for corticosteroids in the 
two strains of mice. Although no such clear example has 
been found in human teratogenesis, it is considered 
very likely that the effect of environmental teratogens 
is modified by the genotype. At yet another level is the 
role of heredity in predisposition to certain specific 
malformations. Taking again an example from inbred 
mice, C57BL/6 mice have a low incidence of “sponta- 
neous ventricular septal defect, but they do not have 
atrial septal defects. Exposure to the drug dextroam- 
phetamine produces ventricular septal defects in ap- 
proximately 10% of the offspring. Conversely, the A/J 
strain of mice have a low incidence of “spontaneous” 
atrial septal defect, but no ventricular septal defect. 
Exposure to dextroamphetamine increases the incidence 
of atrial septal defects to 13%. Thus, the same teratogen 
produces different septal defects in two strains of mice. 
Human studies tend to support this notion of genetic 
predisposition to certain types of malformations. Af- 
fected members of a family tend to have the same 
anomaly, e.g., ventricular septal defect. 

With this overview of some general mechanisms 
whereby congenital malformations may arise, we can 
now discuss deformations that represent the effects of 
abnormal mechanical forces on the developing fetus. 


DISEASES OF INFANCY AND CHILDHOOD 


DEFORMATIONS 


Deformations are common problems, affecting ap- 
proximately 2% of newborn infants to varying degrees. 
Fundamental to the pathogenesis of deformations is 
localized or generalized compression of the growing 
fetus by abnormal biomechanical forces, leading even- 
tually to a variety of structural abnormalities. In contrast 
with malformations, there is no intrinsic defect in mor- 
phogenesis, although fetal malformations may initiate a 
sequence of changes that ultimately lead to deforma- 
tions. The most common underlying factor responsible 
for deformations is uterine constraint. Between the 35th 
and 38th week of gestation, rapid increase in the size of 
the fetus outpaces the growth of the uterus, and the 
relative amount of amniotic fluid (which normally acts 
as a cushion) also decreases. Thus, even the normal 
fetus is subjected to some form of uterine constraint. 
However, several factors increase the likelihood of ex- 
cessive compression of the fetus, including maternal 
conditions such as first pregnancy, small uterus, mal- 
formed (bicornuate) uterus, and leiomyomas. Factors 
relating to the fetus, such as multiple fetuses, oligohy- 
dramnios, and abnormal fetal presentation, may also be 
involved. These and other details of deformations are 
discussed in specialized texts.® 

Here we will present only one example of defor- 
mations resulting from relative lack of amniotic fluid, 
called the oligohydramnios sequence. A deficiency of 
amniotic fluid, with consequent increase in uterine 


constraint, may have a variety of causes, including 
chronic leakage of amniotic fluid due to rupture of the 
amnion, or uteroplacental insufficiency resulting from 
maternal hypertension or severe toxemia. Occasionally 
the oligohydramnios sequence may be initiated by a 
fetal malformation such as renal agenesis, leading to 
lack of urine, which is a major constituent of amniotic 
fluid during pregnancy. The affected newborn presents 
with facial abnormalities including flattened nose and 
accordion ears. More serious are abnormalities of the 
limb joints, which are in aberrant positions and often 
stiff owing to poor mobility in utero. Hips may be 
dislocated. Growth of the chest wall and the contained 
lungs is compromised so that the lungs often achieve 
only a four- to five-month level of maturation. Several 
other less striking abnormalities are also apparent. For- 
tunately, deformations in general carry a much better 
prognosis than malformations and a much lesser risk of 
recurrence in subsequent infants. 


RESPIRATORY DISTRESS SYNDROME 
IN NEWBORN 


Respiratory distress is one of the most common and 
life-threatening complications to confront the newborn 
infant. It can have many origins, including (1) excessive 
sedation of the mother, with consequent depression of 
respiration in the infant; (2) brain injury, with failure of 
the central respiratory centers; (3) feeble respiratory 
efforts secondary to immaturity of the lungs and skeletal 
muscles (primary atelectasis); (4) aspiration during birth 
of blood clot and amniotic fluid when the amniotic 
debris (i.e., desquamated keratotic squames, mucus, 
lanugo hairs, proteinaceous precipitate, and blood) 
blocks ventilatory function; and (5) asphyxiating coils of 
umbilical cord about the neck of the infant. But more 
important than all these by an order of magnitude is 
the idiopathic respiratory distress syndrome (RDS). 
Despite the striking improvement in neonatal intensive 
care in the last two decades, RDS still takes the lives of 
about 7000 infants every year in the United States. 

RDS is also known as hyaline membrane disease 
(HMD), highlighting one of the major pulmonary ana- 
tomic findings in this disease. In most cases this disorder 
presents in stereotyped fashion, which is best charac- 
terized by the following typical clinical setting. The 
infant is almost always preterm and appropriate for 
gestational age (p. 475), and there are strong, but not 
invariable, associations with diabetes in the mother and 
with delivery by cesarean section. Resuscitation may be 
necessary at birth, but usually within a few minutes 
rhythmic breathing and normal color are reestablished. 
However, soon afterward, often within 30 minutes, 
breathing becomes more difficult, there is retraction of 
the lower ribs and sternum on inspiration, and an 
expiratory grunt becomes audible. Over the span of the 
next few hours the respiratory distress becomes worse, 
the rate of breathing increases to over 100 breaths per 
minute, and cyanosis becomes evident. Despite the 


labored breathing, little actual ventilation occurs, and 
fine rales can now be heard over both lung fields. Chest 
x-ray at this time usually reveals uniform minute reticulo- 
granular densities, producing a so-called “ground-glass” 
picture. At first the administration of 40 to 50% oxygen 
to the infant lessens the cyanosis; indeed, during the 
next 12 to 24 hours recovery may ensue, but in the full- 
blown condition the respiratory distress persists, cy- 
anosis increases, and even the administration of 80% 
oxygen by a variety of ventilatory methods fails to 
improve the situation. Flaccidity, unresponsiveness, and 
periods of apnea may now appear and may presage 
death. However, if therapy staves off death for the first 
three or four days, the baby has an excellent chance of 
recovery.” 

ETIOLOGY AND PATHOGENESIS. The pathogenesis of 
RDS is still incompletely understood, but a number of 
significant observations have been made. Immaturity of 
the lungs is the most important subsoil on which this 
condition develops. It may be encountered in full-term 
infants, but is much less frequent than in those “born 
before their time into this breathing world.”'° The 
incidence of RDS is inversely proportional to gestational 
age. It is estimated to occur in about 60% of infants 
born at less than 28 weeks of gestation, 15 to 20% of 
those born between 32 and 36 weeks, and less than 5% 
of those born after 37 weeks of gestation.'! Although the 
point is still somewhat controversial, a good deal of 
evidence indicates that cesarean section, when per- 
formed before the 38th week of gestation, increases the 
risk of RDS—with a virtual exponential increase with 
each week of prematurity. !? Infants of diabetic mothers, 
as contrasted with those of nondiabetic mothers, have 
almost a sixfold increased risk, even when all other 
confounding variables are taken into account.’* * The 
sex of the infant is also a factor, males being affected 
1.5 to 2 times more often than females. 

All the above-mentioned clinical observations bear 
on what is now considered to be the fundamental defect 
in RDS—a deficiency of pulmonary surfactant. Surtac- 
tant is a generic name for surface active compounds 
synthesized by the lung. It consists predominantly of 
phosphatidylcholine and smaller amounts of phosphati- 
dylglycerol. Surfactant reduces surface tension within 
the alveoli so that less pressure is required to hold 
alveoli open, and maintains alveolar expansion by vary- 
ing surface tension with alveolar size. It is synthesized 
by type II alveolar cells and can be visualized under 
the electron microscope as lamellar osmiophilic bodies. 
At birth, the first breath of life requires high inspiratory 
pressures to expand the lungs. With normal levels of 
surfactant the lungs retain up to 40% of the residual air 
volume after the first breath; thus, subsequent breaths 
require far lower inspiratory pressures. With a defi- 
ciency of surfactant the lungs collapse with each succes- 
sive breath, and so the infant must work as hard with 
each successive breath as it did with the first. Progres- 
sive atelectasis and reduced lung compliance then lead 
to a train of events as depicted in Figure 11-3, resulting 
in a protein-rich, fibrin-rich exudation into the alveolar 
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Figure 11-3. Schematic outline of pathophysiology of respiratory 
distress syndrome. V/Q = ventilation-perfusion ratio. (From Boyle, 
R. J., and Oh. W.: Respiratory distress syndrome. Clin. Perinatol. 
5:283, 1978 Reproduced with permission.) 


spaces with the formation of hyaline membranes. Built 
into the sequence of events are feedback loops, which 
constitute vicious cycles that progressively increase the 
severity of the disease once it has begun. The fibrin- 
hyaline membranes constitute barriers to gas exchange, 
leading to CO, retention and hypoxemia, worsening the 
acidosis and subsequent events. The hypoxemia itself 
further impairs surfactant synthesis. Only effective sup- 
portive therapy permitting regeneration of the type II 
pneumocytes and increased surfactant synthesis can lead 
to recovery from this condition. 

Immaturity of the fetal lung in preterm infants is 
the basis of surfactant deficiency. The production of 
surfactant increases gradually after the appearance of 
type II alveolar cells, but the largest increase occurs 
after 35 weeks of gestation. Thus, preterm infants have 
a deficiency of surfactant relative to their needs. 

The effect of maternal diabetes in the pathogenesis 
of RDS is somewhat complex and involves a considera- 
tion of the action of adrenal steroids on surfactant 
production. The evidence is now convincing that glu- 
cocorticoids induce the formation of enzymes involved 
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in surfactant production. Administration of cortisol to 
the fetal lamb accelerates lung maturation, and clinical 
trials have documented a similar effect in humans.’ 
Insulin, it is thought, antagonizes the action of gluco- 
corticoids on surfactant synthesis. The infant of a dia- 
betic mother has hyperinsulinism as a compensatory 
reaction to the hyperglycemia in both mother and fetus. 
Thus, in these infants surfactant synthesis is suppressed 
by the high blood levels of insulin, which counteract 
the effects of steroids. Other mechanisms such as fetal 
hyperglycemia causing edema of the respiratory center 
may also be involved, but are of lesser significance. '® 
Why cesarean section should increase the risk of RDS 
is still an enigma. Indeed, there continues to be a 
debate in the literature as to whether this method of 
delivery is itself at fault or instead is indirectly involved 
because of the indication for cesarian section, e.g., 
antepartum hemorrhage and toxemia. Recent studies 
tend to incriminate cesarean section itself rather than 
the obstetric factors that caused the need for abdominal 
delivery.'” Finally, the preponderance in male infants 
has been related to the relatively early maturation of 
the female lung.'® 

In addition to surfactant deficiency in the lung, a 
variety of other substances have been found in reduced 
concentration in the cord blood of infants with RDS.'° 
These include plasma fibrinolytic activity, alpha-1-anti- 
trypsin, and hormones such as thyroxine, prolactin, 
cortisol, and estrogens. Some of these may have an 
impact on fetal lung maturation. In particular, deficiency 
of thyroxine has been implicated in the pathogenesis of 
RDS, but there is still no unanimity on this subject.” 

In closing, we should mention that RDS may also 
occur in adults (p. 714). Surfactant deficiency is the 
most common cause of RDS in newborns, but any agent 
capable of causing diffuse alveolar damage can result in 
similar respiratory problems in both infants and adults. 


MORPHOLOGY. The lungs are extremely distinctive on 
gross examination. Although of normal size, they are solid, 
airless, and reddish purple like the liver, and usually sink in 
water.?' On low-power microscopic examination, they give 
the appearance of a solid tissue. The alveoli are small and 
crumpled, but the proximal alveolar ducts and bronchi are 
overdistended. When the infant dies early in the course of 
the disease, necrotic cellular debris is present in the terminal 
bronchioles and alveolar ducts. Later, the necrotic material 
becomes incorporated within pink hyaline membranes that 
line the alveolar ducts and random alveoli, mostly the prox- 
imal alveoli (Fig. 11-4). The membranes stain for lipid, are 
Feulgen positive (indicative of nuclear debris), and give 
strong immunofluorescent reactions for fibrin. At one time 
the membranes were thought to be composed solely of 
inspissated amniotic secretions, but it has been clearly 
shown that they are largely made up of fibrinogen and fibrin 
admixed with cell debris derived chiefly from necrotic alveo- 
lar-lining pneumocytes.”? The sequence of events that lead 
to the formation of hyaline membranes was depicted in 
Figure 11-3. To this sequence can be added necrosis of 
alveolar lining cells due to anoxia. There is a remarkable 
paucity of inflammatory reaction associated with these mem- 
branes. An additional prominent feature is intense vascular 


Figure 11-4. Hyaline membrane disease. There is alternating 
atelectasis and emphysema of the alveoli, and many air spaces are 
filled with fluid and lined by thick hyaline membranes. 


congestion accompanied by distention of the lymphatics, 
which are often engorged with a protein-rich fluid. The 
lesions of hyaline membrane disease are never seen in 
stillborn infants and those live-born babies who die within a 
few hours after birth. 

In infants who survive more than 48 hours reparative 
changes are seen in the lungs. The alveolar epithelium 
proliferates over the surface of the membrane, essentially 
to incorporate it within the alveolar septum. At other places 
the membrane may be desquamated into the air space, 
where it may undergo partial digestion or phagocytosis by 
macrophages. Concentric lamellar bodies within type Il 
pneumocytes (morphologic markers of surfactant synthesis) 
can be found, but are decreased in number. 


CLINICAL CourRSE. It is difficult to express a clinical 
course and prognosis for this disease, since so much 
depends on the maturity and birth weight of the infant, 
the therapy employed, and the promptness of institution 
of the therapy. Overall, the mortality rate is approxi- 
mately 20 to 30%, reaching levels exceeding 50% in 
infants in the range of 1000 gm body weight. The major 
threat to life is inadequate pulmonary exchange of 
oxygen and carbon dioxide, and with it a metabolic 
acidosis. The keystone of treatment is the delivery of 
oxygen to these severely hypoxic infants, usually accom- 
plished by a variety of ventilatory assist methods. Such 
therapy carries with it the now well-recognized hazard 
of oxygen toxicity. High concentrations of oxygen ad- 
ministered for prolonged periods have been proved to 


cause retrolental fibroplasia in the eyes and _ toxic 
changes in the lung. Indeed, pulmonary oxygen toxicity 
may induce anatomic changes reminiscent of those 
encountered in RDS but with less prominent hyaline 
membrane formations. The pulmonary lesions induced 
by oxygen toxicity are sometimes followed by persistent 
pulmonary interstitial fibrosis. If oxygen toxicity is 
avoided and the infant can be kept alive for about three 
or four days, recovery can be anticipated without per- 
manent sequelae. 

However, infants recovering from RDS are at in- 
creased risk of developing a variety of complications. 
Most important among these are patent ductus arte- 
riosus, intraventricular hemorrhage, and necrotizing 
enterocolitis. With the advent of neonatal intensive care 
that ensures better chances of recovery from the pul- 
monary problems, these complications are assuming 
increasing importance as causes of mortality and mor- 
bidity associated with RDS. We will discuss these 
briefly. You may recall that the patent ductus normally 
closes within a few hours after birth at full term (p. 
589). However, because of immaturity, hypoxia, and 
acidosis, the closure of the ductus is delayed in infants 
with RDS. Early in the course of RDS, left-to-right 
shunt through the patent ductus is usually not significant 
since the presence of anoxia in these infants causes 
pulmonary vasoconstriction and increased pulmonary 
vascular resistance. However, as anoxia abates, reduced 
pulmonary blood pressure allows significant shunting, 
leading eventually to congestive heart failure and pul- 
monary congestion. This complication may be clinically 
significant in up to 30% of cases. Anoxia and immaturity 
of the brain also provide the setting for intraventricular 
hemorrhages, which may afflict premature infants even 
in the absence of RDS.” In the premature infant a 
disproportionately large amount of cerebral blood flows 
through the periventricular circulation, where the vessel 
walls are fragile and poorly supported by the subepen- 
dymal germinal matrix. In the presence of asphyxia, 
both cerebral blood flow and venous pressure increase, 
thus stretching the poorly supported delicate periven- 
tricular capillaries beyond their limits. Periventricular 
hemorrhage results, tracking its way into the ventricles 
in over 80% of cases. Often the hemorrhage assumes 
massive proportions because of excessive fibrinolytic 
activity in the periventricular region of the immature 
brain. Severe hemorrhage carries a toll of 50 to 65%. 
RDS also provides the setting for a mysterious entity 
called necrotizing enterocolitis, a dreaded complication 
in premature infants who are admitted to neonatal 
intensive care units. The etiology and pathogenesis of 
necrotizing enterocolitis is poorly understood, but sus- 
pected factors include intestinal ischemia resulting from 
hypoxia, bacterial invasion, and hypertonic formula 
feeding. The lesions involve primarily the ileum and 
colon, which show extensive ulceration and necrosis, 
sometimes associated with perforation and peritonitis. 
Thus, although the high technology of today saves many 
infants with RDS, it also brings to the surface the 
exquisite fragility of the immature neonate. 
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A major thrust in the control of RDS focuses on 
prevention, either by delaying labor till the fetal lung 
reaches maturity or by inducing maturation of the lung 
in the fetus at risk. Critical to these objectives is the 
ability to assess fetal lung maturity accurately. Since 
pulmonary secretions are discharged into the amniotic 
fluid, analysis of amniotic fluid lecithin (phosphatidyl- 
choline) provides a good estimate of the level of surfac- 
tant in the alveolar lining. Widely used for the assess- 
ment of fetal lung maturity is the relationship of amniotic 
fluid lecithin to sphingomyelin (the L/S ratio). In early 
pregnancy the concentration of sphingomyelin exceeds 
that of lecithin. At about 35 weeks of gestation the 
lecithin levels sharply increase, usually to more than 
twice that of sphingomyelin, and continue to increase 
while sphingomyelin declines. Clinical experience in- 
dicates that when the L/S ratio approximates 2:1, the 
threat of RDS is small.74 In recent years, measurement 
of phosphatidylglycerol in the amniotic fluid has been 
found to be an important additional indicator of lung 
maturity. This phospholipid is detected after 36 weeks 
of gestation and progressively increases thereafter. It is 
rare for RDS to occur if the amniotic fluid contains 
significant amounts of phosphatidylglycerol. 

Since corticosteroids are known to accelerate mat- 
uration of fetal lung, prophylactic administration in 
women at risk for preterm delivery has been advocated. 
Although success in reducing perinatal mortality from 
RDS has been documented in such cases,2° other inves- 
tigators have cautioned against the possible risks to the 
fetus from exposure to steroids. Replacement of pul- 
monary surfactant has also been attempted, but with 
limited success to date.” 


Aielectasis Neonatorum 


ATELECTASIS NEONATORUM 


Atelectasis (nonexpansion of the lungs) is an impor- 
tant cause of death in perinatal life. The atelectasis may 
result from failure of expansion of the lungs following 
birth (primary atelectasis), or from resorption of the 
contained air following initial expansion of the lungs 
(secondary atelectasis). 

Primary atelectasis implies that adequate respira- 
tion has never been established. It is not a primary 
disease, and causes for its existence must be sought. It 
is characteristic of the very immature infant in whom 
the respiratory centers in the brain and muscles of 
respiration are poorly developed and whose respiratory 
motions are feeble. Intrauterine hypoxia resulting from 
retroplacental hemorrhage, premature separation of the 
placenta, kinking of the umbilical cord, and twisting of 
the cord around the neck of the infant may all cause 
respiratory failure and atelectasis. These infants never 
establish adequate respiration, in contrast to those with 
RDS, and so are cyanotic and flaccid from birth and 
usually succumb within the first hour or two of life. 


At autopsy the lungs are collapsed, red-blue, noncrep- 
itant, and flabby and rubbery. Histologically the alveoli re- 
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semble the native fetal lung. The alveolar spaces are uni- 
formly small, have a collapsed appearance, and are 
surrounded by thick septal walls. A prominent cuboidal 
epithelium lines the alveolar sacs, and often there is a 
granular proteinaceous precipitate, perhaps mixed with am- 
niotic debris within the air spaces. 


DISEASES OF INFANCY AND CHILDHOOD 


Secondary atelectasis can occur only in infants who 
have established respiration and. subsequently die. The 
respiratory distress syndrome is obviously an example 
of this form of atelectasis. Secondary atelectasis is gen- 
erally encountered when there has been sufficient as- 
piration of amniotic fluid or blood to block the terminal 
bronchioles and alveolar ducts, leading to resorption of 
air from the alveolar sacs and total collapse of the lungs. 
Obviously, secondary atelectasis may occur at any time 
after birth, as for example when the infant develops a 
respiratory infection with excessive obstructive pulmo- 
nary secretions. 


In contrast to primary atelectasis, the lungs in the 
secondary form are unevenly affected and have alternating 
areas of collapsed and aerated parenchyma. The pleural 
surface is thus mottled, being red-blue in the depressed 
areas and pale-pink to gray in the crepitant areas. The 
histologic changes are those described under the primary 
form alternating with areas of adjacent hyperinflation, some- 
times called compensatory emphysema. 


In these infants the fundamental problem is ob- 
struction to the airways with collapse of the subtended 
alveoli. It should be evident that secondary atelectasis 
is not a primary cause of death, because in almost all 
instances the basis for the airway obstruction is some 
primary disease, such as a respiratory infection or aspi- 
ration. 


ERYTHROBLASTOSIS FETALIS— 
HEMOLYTIC DISEASE OF NEWBORN 


When the fetus inherits red cell antigenic deter- 
minants from the father that are foreign to the mother, 
a maternal immune reaction may occur, leading to 
hemolytic disease in the infant. Basic to such a phenom- 
enon are leakage of fetal red cells into the maternal 
circulation and, in turn, transplacental passage of the 
maternal antibodies into the fetus. Any of the numerous 
red cell antigenic systems may theoretically be involved, 
but the major antigens known to induce clinically sig- 
nificant immunologic disease are the ABO and certain 
of the Rh antigens. The resultant fetal hemolytic reaction 
may cause mild-to-severe disease in the newborn, or 
even death. Thus, erythroblastosis fetalis may be defined 
as a hemolytic disease in the newborn caused by blood- 
group incompatibility between mother and child. The 
incidence of Rh erythroblastosis in urban populations 
has declined remarkably in the past decade, owing 
largely to the current methods of preventing Rh im- 
munization in “at-risk” mothers. Nevertheless, it is 
necessary to discuss Rh hemolytic disease in some detail 


since successful prophylaxis of this disorder has resulted 
directly from an understanding of its pathogenesis. 
ETIOLOGY AND PATHOGENESIS. To explain the patho- 
genesis of Rh hemolytic disease, a few details of the Rh 
antigenic system will be reviewed. Only three among 
the approximately 25 Rh antigens are strong antigens. 
Each of these is governed genetically by a pair of alleles, 
e.g., Corc, D ord, E ore. Only the cde/cde genotype 
lacks strong antigens. The D antigen is the major cause 
of Rh incompatibility, and subsequent considerations 
are limited to it. Approximately 15% of whites and 7% 
of blacks do not possess the D antigen and so are said 
to be Rh negative. Thus, among whites there is an 
approximately 12% chance of a mating between an Rh- 
positive male and an Rh-negative female. However, the 
frequency of manifest Rh erythroblastosis is much lower 
since several factors influence the maternal immune 
response to Rh-positive fetal cells. Concurrent ABO 
incompatibility protects the mother against immuniza- 
tion, presumably because leaked fetal red cells are 
promptly coated by circulating isohemagglutinins and 
then removed from the circulation by the mononuclear 
phagocytic system. Thus, the incidence of Rh isoim- 
munization is reduced from 15% of those at risk if the 
baby is ABO compatible to 2.3% if the baby is ABO 
incompatible.?” Another critical factor that determines 
the magnitude of the antibody response is the dose of 
the immunizing antigen. Hemolytic disease develops in 
the newborn only when the mother has experienced a 
significant transplacental “bleed.” Small transplacental 
leaks of red cells may occur as early as the second 
trimester of pregnancy, but in the great majority of 
pregnancies significant transplacental hemorrhages, 
constituting immunizing doses of antigen, occur only 
during delivery. It is generally thought that more than 
1 ml of Rh-positive red cells is required to produce 
regularly a significant immune response in the mother, 
although admittedly much depends on the reactivity of 
the woman. Studies indicate that the great preponder- 
ance of women have a less than 0.1-ml transplacental 
hemorrhage and do not become sensitized.” As might 
be expected, risk of significant transplacental hemor- 
rhage is increased in the presence of obstetric compli- 
cations such as placenta previa, cesarian section, and 
toxemias of pregnancy.”* Previous sensitization signifi- 
cantly alters the risk of development of erythroblastosis 
fetalis. The first exposure to Rh antigens initially stim- 
ulates an increase in IgM antibodies that do not cross 
the placenta. Subsequently there is a rise in 7S IgG 
antibodies small enough to cross the placenta. Since 
primary immunization usually occurs during labor, he- 
molytic disease rarely occurs during the first pregnancy 
unless, of course, the mother has experienced previous 
sensitization. In these days of meticulous blood typing, 
it is highly unlikely that an Rh-negative mother would 
be sensitized by an Rh-positive transfusion. However, 
a previous abortion or stillbirth of an Rh-positive fetus 
might induce prior sensitization. The greatest risk is 
encountered in second and subsequent pregnancies of 
Rh-positive infants since in presensitized women even 


a small transplacental bleed could trigger a brisk sec- 
ondary IgG response. Administration of anti-D immu- 
noglobulin to Rh-negative women within 72 hours of 
the birth of an Rh-positive infant is now a widely used 
practice that serves to prevent primary sensitization in 
the great majority of cases (p. 489). The success of this 
method of: prophylaxis is based on the ability of the 
passively administered Rh antibody to coat the fetal 
cells in maternal circulation and thereby prevent expo- 
sure of the Rh antigens to the maternal lymphoid 
system. Other factors that influence Rh immunization 
include reduced immunologic reactivity associated with 
normal pregnancy and individual, perhaps genetically 
determined variability in the immune reactivity against 
Rh antigens. 

Owing to the remarkable success achieved in pre- 
vention of Rh hemolytic disease, feto-maternal ABO 
incompatibility is currently the most common cause of 
erythroblastosis fetalis. Several features distinguish ABO 
hemolytic disease from that caused by Rh incompatibil- 
ity. Although ABO incompatibility occurs in approxi- 
mately 20 to 25% of pregnancies, only about one in ten 
of such infants develops laboratory evidence of hemo- 
lytic disease. Furthermore, since the immune reaction 
is much less severe than that encountered in Rh incom- 
patibility, only in one in 200 cases of ABO incompati- 
bility is the hemolytic disease severe enough to require 
treatment.”* Several factors account for these observa- 
tions. Most antibodies directed against A and B red cell 
antigens are of the IgM type and therefore do not cross 
the placenta. However, for reasons not well known, 
group O individuals often possess IgG, anti-A, and/or 
anti-B without sensitization by previous pregnancy or 
blood transfusion. It is therefore not surprising that 
ABO hemolytic disease occurs almost exclusively in 
infants born to group O mothers and that the firstborn 
may also be affected. Fortunately, even in the presence 
of transplacentally acquired IgG antibodies, the lysis of 
infants’ red cells is often minimal. The major factor 
responsible for this protection seems to be poor expres- 
sion of blood group antigens A and B on neonatal red 
cells. In one study the strength of A antigen expression 
on cord blood cells was approximately 50% of that found 
on adult red cells.22 An additional protective factor 
seems to be the presence of A and B antigens in cells 
other than red blood cells, thus mopping up some of 
the transferred antibodies. Only those few infants who 
express a relatively strong A antigen (usually A,) suffer 
from ABO hemolytic disease. Since the antibodies are 
formed naturally, i.e., without obvious sensitization, 
there is no effective method of protection against ABO 
reactions. 

The incidence of hemolytic disease due to incom- 
patibilities of other blood groups is extremely small and 
a discussion of these may be found in published re- 
views. 7° 30 

There are two major consequences of hemolytic 
disease of the newborn. Excessive destruction of red 
blood cells leads to reduction in the oxygen-carrying 
capacity of blood (anemia) on the one hand and accu- 
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mulation of bilirubin (jaundice) on the other. However, 
the severity of these changes varies considerably. In the 
full-term infant, mild hemolytic reactions may induce 
neither anemia nor jaundice because marrow hyperac- 
tivity may compensate for the destruction of red cells, 
and the hepatic excretory system may be capable of 
handling the increased load of bilirubin. When the 
compensatory capacity of the marrow is exceeded, ex- 
tramedullary hematopoiesis in the liver and spleen may 
suffice to maintain normal levels of red cells in the 
blood. More severe hemolytic destruction of red cells 
may exceed these compensatory mechanisms and lead 
to anemia, still unaccompanied by jaundice. If the 
hemolytic reaction is even more marked, the anemia is 
then associated with jaundice and, as will be seen, the 
development of moderate-to-massive anasarca. When 
the serum bilirubin exceeds 1 to 2 mg/dl, jaundice 
becomes clinically evident. Unconjugated bilirubin is 
water insoluble and has an affinity for lipids. In the 
infant with a poorly developed blood-brain barrier, the 
bilirubin may bind to the lipids in the brain and produce 
serious damage. 


MORPHOLOGY. The anatomic findings in erythroblas- 
tosis fetalis vary with the severity of the hemolytic process. 
Infants may be stillborn, die within the first few days, or 
recover completely, sometimes aided by quite heroic the - 
apy. Most immediate postnatal deaths are the consequence 
of severe hemolysis and hypoxic hepatic or circulatory 
failure. In those that survive longer erythroblastosis fetalis 
manifests itself in several ways, which are arbitrarily divided 
into three syndromes. In its mildest form, the so-called 
congenital anemia of the newborn, the child may be only 
slightly anemic and may survive without further complication. 
More severe hemolysis, with anemia and pallor accompanied 
by obvious jaundice, is referred to as the icterus gravis 
syndrome. Hypoxic injury to the heart and liver may lead to 
circulatory and hepatic failure with resultant edema, some- 
times so severe as to merit the designation of anasarca. 
The plasma protein levels sometimes drop to as low as 2.0 
to 2.5 gm/di because of reduced hepatic synthesis. This 
pattern is known as hydrops fetalis. In all three syndromes 
the liver and spleen are enlarged, depending on the severity 
of the hemolytic process and the compensatory extrame- 
dullary erythropoiesis. : 

The most serious threat in erythroblastosis is central 
nervous system damage known as kernicterus. !n jaundiced 
cases, the unconjugated bilirubin appears to be particularly 
toxic to the brain, probably affecting oxidative metabolism of 
brain tissue. The brain is enlarged and edematous and, 
when sectioned, has a bright yellow pigmentation (kernic- 
terus), particularly in the basal ganglia, thalamus, cerebel- 
lum, cerebral gray matter, and spinal cord. This pigmentation 
is evanescent and fades within 24 hours despite prompt 
fixation. It is therefore necessary to section the brain im- 
mediately in suspected cases to establish the diagnosis. It 
is worth noting that such pigmentation of the brain is not 
limited exclusively to erythroblastosis fetalis, since it has 
also been described in milder form in infants with severe 
physiologic jaundice of the newborn. This bile pigmentation 
of the brain is of considerable theoretical interest because, 
in the adult, some blood-brain barrier blocks the passage of 
bilirubin into the spinal fluid and substance of the brain even 
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when there is severe jaundice. The mechanism by which 
free (unconjugated) bilirubin enters the brain in the newborn 
is not clearly understood. The level of serum albumin (which 
binds bilirubin), pH of the blood, and hypoxia are all consid- 
ered to be important factors in allowing the passage of 
bilirubin into the brain.*' 

Histologically, the diagnosis of erythroblastosis fetalis 
depends on the identification of abnormally increased eryth- 
ropoietic activity in the infant. The red cell series in the 
marrow is hyperactive, and extramedullary hematopoiesis is 
almost invariably present in the liver, spleen, and possibly 
other tissues, such as the lymph nodes, kidneys, lungs, and 
even the heart (Fig. 11-5). This hematopoietic activity is 
sufficiently striking to account for increased numbers of 
reticulocytes, normoblasts, and erythroblasts in the circulat- 
ing blood (Fig. 11-6). The larger of these immature blood 
cells tend to become trapped in the pulmonary capillaries 
and account for the diagnostic value of examination of the 
lung in this disease. Evidence of subcutaneous and visceral 
edema is present in the hydrops syndrome along with fluid 
in the peritoneal, pleural, and pericardial cavities. The his- 
tologic changes in the central nervous system consist prin- 
cipally of bile pigmentation of nerve fibers and cells, with 
degeneration of ganglion cells. In more severe cases, there 
is periportal fibrosis and ductular bile stasis in the liver along 
with the extramedullary hematopoiesis. 

Placental alterations may be virtually diagnostic. If the 
infant is not edematous, the placenta is normal in size. When 
edema is present in the fetus, the placenta is usually larger 
and heavier than normal, and essentially exhibits consider- 
able edema in the form of enlargement of the cotyledons 
and individual villi. Immature forms of the red cell series can 
be seen in the fetal blood vessels. The stroma in the villi is 
spread apart to create a loose connective tissue that often 
contains large, round-to-polygonal, pink, epithelium-like, 
lipid-laden Hofbauer cells (Fig. 11-7). The Langhans’ cells 
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Figure 11-5. Liver in erythroblastosis fetalis with a focus of extra- 
medullary hematopiesis. 


of the chorionic epithelium are unusually persistent. Rarely, 
foci of extramedullary hematopoiesis may be evident in the 
stroma of the villi. Unexplained is the occasional hyperplasia 
of the islets of Langerhans. 
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Figure 11-6. A large pulmonary vessel loaded with nucleated red cell forms in an erythroblastotic 


infant. 


Hofbauer cells. 


CLINICAL FEATURES. The clinical manifestations of 
the three patterns of erythroblastosis should be readily 
evident from the preceding discussion. They range from 
pallor, possibly accompanied by hepatosplenomegaly in 
the infant with congenital anemia (to which may be 
added jaundice with more severe hemolytic reactions) 
to the most gravely ill child with intense jaundice, 
widespread edema, and signs of neurologic involvement 
in the pattern referred to as hydrops fetalis. The anemia 
may be so profound as to induce respiratory distress 
and signs of cardiac decompensation. The combination 
of hepatic hypoxia, massive extramedullary hemato- 
poiesis, and accumulated bilirubin may add an element 
of hepatic failure to the symptom complex. 

In the last 15 years, remarkable success has been 
achieved in the prophylaxis of Rh hemolytic disease. As 
mentioned earlier, administration of anti-D immuno- 
globulin to Rh-negative (previously nonsensitized) 
women within 72 hours of delivery of an Rh-positive 
child prevents Rh immunization in the vast majority of 
cases. Obviously such treatment has to be employed 
not only after the first but also following each subsequent 
childbirth. Although experience has indicated that the 
use of immunoprophylaxis is highly successful in pre- 
venting Rh sensitization, it is not perfect. Approximately 
2% of women at risk develop anti-D antibodies in the 
last trimester or within 72 hours after labor, and thus 
fail to benefit from Rh immunoprophylaxis.* Some of 
these cases may result from unrecognized previous Rh- 
positive abortions, but most are believed to be due to 
significant transplacental bleeds during the early part of 
the third trimester. In principle, it should be possible 
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to prevent sensitization in such women and thereby 
increase the success of Rh immunoprophylaxis if anti-D 
immunoglobulin is administered antepartum at 28 or 34 
weeks of gestation as well as postpartum. Although the 
success of such an approach has been documented in 
some studies, antepartum administration of anti-D im- 
munoglobulins is still not a widely accepted practice. 
Doubts have been expressed about its cost effectiveness, 
especially in view of the fact that Rh immunoglobulin 
at present can be prepared only in humans by deliberate 
immunization of Rh-negative persons.” 

Despite all efforts to prevent incompatibility reac- 
tions, it is still necessary to monitor the infant at birth 
for indications of impending disease. The most impor- 
tant clue to potential disease is a positive direct Coombs’ 
test on fetal cord blood, which detects the presence of 
antibody globulin coating the fetal red cells. In the 
direct Coombs’ test, antiserum (Coombs’ serum) against 
human gamma globulin induces agglutination of red 
cells coated with specific antibodies. An _ indirect 
Coombs’ test employs normal red cells exposed first to 
the suspected serum and then treated with Coombs’ 
serum, which then induces agglutination of the red cells 
if anti-red cell antibodies are present in the suspected 
serum. Postnatally, the severity of the hemolytic reac- 
tion can be monitored by the rapidity of the rise and 
the ultimate levels of the unconjugated bilirubin in the 
serum of the infant. The levels may be normal at birth 
because of placental clearance of the bilirubin, but in 
severe hemolytic disease they rise rapidly within the 
first day of life to reach extremely high levels (over 20 
mg/dl). Premature or low-birth-weight infants are at 
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greatest risk because their conjugating and excretory 
systems are less able to cope with the bilirubin overload. 

The availability of tests to monitor the severity of 
the hemolytic reaction has opened a variety of avenues 
for the treatment of hemolytic disease of the newborn. 
When analysis of amniotic fluid discloses critical levels 
of bilirubin, premature delivery may be induced if the 
fetus is judged to be viable with regard to size. Earlier, 
the complex and still somewhat hazardous procedure of 
intrauterine fetal transfusion may be attempted. Post- 
natally, a variety of supportive measures may be em- 
ployed, including phototherapy (visual light oxidizes 
toxic indirect bilirubin to harmless, readily excreted, 
water-soluble dipyrroles) and, in severe cases, total 
exchange transfusion of the infant. 


DISEASES OF INFANCY AND CHILDHOOD 


INBORN ERRORS OF METABOLISM 


The number of now well-characterized inborn er- 
rors of metabolism has become astronomic and _ far 
beyond our scope. Most of these conditions are exceed- 
ingly rare. Some were discussed earlier, in the chapter 
on genetic disorders (p. 141). Only two, phenylketonuria 
and galactosemia, are selected for inclusion here be- 
cause, in both, prompt recognition in the first days of 
life permits the institution of an appropriate dietary 
regimen that can prevent early death, or, even worse, 
survival with mental retardation. 


PHENYLKETONURIA (PKU) 


Phenylketonuria is an autosomal recessive disorder 
expressed in the homozygote, characterized by a lack of 
phenylalanine hydroxylase, which if untreated leads to 
hyperphenylalaninemia and usually mental retardation. 
This description applies to the great majority of patients 
with classic PKU, but several significant exceptions have 
been noted in recent years.** *4 For example, it is quite 
clear that hyperphenylalaninemia is not necessarily as- 
sociated with the stigmata of PKU. Those with so-called 
“benign hyperphenylalaninemia’ do not develop mental 
retardation except in the few cases with marked eleva- 
tion of blood phenylalanine levels (p. 491). On the other 
end of the spectrum are some patients in whom neu- 
rologic impairment occurs despite dietary control of 
phenylalanine intake. These complexities are clearly 
significant since it can no longer be assumed that an 
infant with elevated phenylalanine level requires the 
rigors of dietary restrictions, nor can the mere restriction 
of phenylalanine intake be considered adequate for 
every infant with hyperphenylalaninemia. A detailed 
discussion of phenylalanine metabolism is beyond our 
scope, but a brief overview is warranted to obtain some 
insight into the varieties of hyperphenylalaninemia. 

In a normal child, less than 50% of the dietary 
phenylalanine is utilized for polypeptide and protein 
synthesis; most of that remaining is converted to tyrosine 
by means of hydroxylation. This reaction requires the 


phenylalanine hydroxylating system, which has several 
components in addition to the hepatic enzyme phenyl- 
alanine hydroxylase (PH) (Fig. 11-8). Two of the 
components, tetrahydrobiopterin (BH,) and dihydrop- 
teridine reductase (DHPR), are relevant for our discus- 
sion. During the hydroxylation of phenylalanine to 
tyrosine, BH,, which is the coenzyme for PH, is con- 
verted to dihydrobiopterin (BH,). The latter is then 
reduced back to BH, by the enzyme DHPR. As indi- 
cated in Figure 11-8, the regeneration of BH, is tightly 
coupled to the hydroxylation of phenylalanine. In ad- 
dition to their role in phenylalanine metabolism, DHPR 
and BH, are involved in the hydroxylations of tyrosine 
and tryptophan, a fact that is relevant to the pathogen- 
esis of the variant forms of PKU. With this background 
we can discuss the genetic and phenotypic variants of 
hyperphenylalaninemia.**° 

The classic form of PKU is believed to result from 
an almost complete lack (<0.27% of normal) of hepatic 
PH (PH? phenotype), whereas a less severe deficiency 
of PH (PH~) may lead to benign hyperphenylalanine- 
mia. In the latter condition hepatic PH activity varies 
between 1.5 and 34.5% of normal, presumably owing 
to the presence of several distinct mutations at the PH 
locus. The levels of hydroxylase activity in turn deter- 
mine the plasma phenylalanine levels. Those with the 
PH° phenotype usually have sustained and marked 
hyperphenylalaninemia (>1 mM/liter; normal <0.12) 
when ingesting a normal diet, whereas phenylalanine 
levels range from 0.12 to 1.0 mM in patients with the 
PH~ phenotype. The frequencies of the PH°® and PH™ 
phenotypes vary widely in different populations, but in 
general PH° is more common (three- to fourfold) than 
PH~ in most population groups. Among whites in the 
United States the frequency of the PH° phenotype is 
estimated to be one in 11,000; it is higher in Celtic- 
derived people and Central Europeans. Approximately 
3 to 10% of patients with PKU have an underlying 
deficiency of enzymes other than PH. In one variant 
form the enzyme dihydropteridine reductase (DHPR) is 
lacking, whereas in another there is defective synthesis 
of dihydrobiopterin (BH,) leading secondarily to a lack 
of tetrahydrobiopterin (BH,) (see Fig. 11-8). As men- 
tioned earlier, DHPR and BH, are required not only 
for phenylalanine metabolism but‘also for the hydroxy- 
lation of tyrosine and tryptophan, an essential step in 
the synthesis of their neurotransmitter metabolites. In 
such cases, the successful control of hyperphenylalani- 
nemia by dietary measures fails to arrest the progressive 
neurologic damage since the synthesis of neurotrans- 


Phenylalanine NAD 


+ O 


Tetrahydrobiopterin 


4 (BH,) 


Phenylalanine Dihydropteridine 


hydroxylase (PH) 


Tyrosine Dihydrobiopterin NADH 
+ H,O (BH.) 


Figure 11~8. The phenylalanine hydroxylase system. 
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mitters remains impaired. At present the variant forms 
of PKU can be distinguished from classic PKU only in 
specialized laboratories.*© 

With a block in the conversion of phenylalanine to 
tyrosine, several minor metabolites of phenylalanine are 
synthesized in excessive amounts. These include 
phenylpyruvic acid, phenyllactic acid, phenylacetic acid, 
and O-hydroxyphenylacetic acid, all of which are ex- 
creted in the urine. The peculiar musty or mouselike 
odor of untreated patients has been attributed to the 
presence of phenylacetic acid in the sweat. The basis of 
mental retardation in PKU is not entirely clear; exces- 
sive amounts of phenylalanine or its metabolites are 
probably involved. Although there is no straightforward 
or consistent relationship between plasma phenylalanine 
levels and brain development, it is generally considered 
that persons with plasma levels above 1 mM per liter 
(>16.5 mg/dl) are at a high risk of developing mental 
retardation. This includes all patients with the PH?° 
phenotype and a few of those with the PH™ phenotype. 
In variant forms of PKU, the additional lack of neuro- 
transmitters (derived normally from tyrosine and tryp- 
tophan) contribute to the neurologic deterioration. 


The only significant morphologic changes found in clas- 
sic PKU are limited to the brain, and these are variable and 
nonspecific and cannot be related biochemically to the 
metabolic changes in these patients. Usually the brain de- 
creases in weight. Defective development of myelin or the 
formation of an abnormal myelin produces spongy, focal 
lesions of the white matter.*” With progression of the disor- 
der, these defects become more evident, the demyelination 
becomes widespread, and the spongy foci are replaced by 
areas of gliosis.°* The precise basis for these neurologic 
changes is still uncertain, but present indications point to 
some impairment in synthesis of cerebral lipids caused by 
the deranged metabolism in these infants. 


Infants with classic PKU are apparently normal at 
birth with no elevation of serum phenylalanine levels. 
Usually, however, by day 3 or 4 the serum phenylala- 
nine levels begin to rise and in most cases exceed 1 mM 
per liter (>16.5 mg/dl). Manifestations of brain involve- 
ment in the form of abnormal electroencephalographic 
findings, seizures, and bizarre behavior become evident 
within three or four months in the untreated infant. 
Without dietary intervention, the cerebral damage pro- 
gresses to reach its maximum at age 2 to 3 years. Most 
untreated patients have IQ values below 20, and less 
than 4% achieve scores greater than 50 to 60. Charac- 
teristically these infants develop the musty or mouselike 
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odor previously mentioned and often eczema of the 
skin. Because of the deranged tyrosine metabolism, 
little or no melanin is synthesized, and therefore these 
patients frequently have unusually fair skin, blonde hair, 
and blue eyes even when the parents have very dark 
complexions. 

With an appropriate special diet, free of phenylal- 
anine and supplemented with tyrosine, blood levels of 
phenylalanine can be maintained near normal levels in 
the classic form and the mental retardation can be 
prevented. The IQ scores of treated children are near 
normal and the greatest benefit occurs if treatment is 
instituted within the first month of life. A controversial 
issue not yet resolved is the question of when to 
discontinue treatment. Although earlier it was thought 
that dietary restrictions of phenylalanine could be ter- 
minated after 4 to 5 years of age, some later studies 
indicate a fall in IQ several years after the cessation of 
treatment. Until this issue is resolved, most authorities 
recommend continued treatment into adulthood.* 

In view of the disastrous but preventable effects of 
PKU in untreated individuals, great emphasis has been 
placed on early detection of affected infants. Neonatal 
screening for elevated blood phenylalanine levels is now 
widely practiced in the United States and several Eu- 
ropean countries. However, the screening procedures 
employed, the Guthrie bacterial inhibition assay and 
the fluorometric methods, cannot distinguish between 
various forms of hyperphenylalaninemias, and the di- 
agnosis of PKU requires further metabolic testing. 


Inborn Errors of Metabolism 


GALACTOSEMIA 


Two forms of galactosemia have been identified, 
each resulting from a hereditary deficiency of an enzyme 
involved in the metabolism of galactose. The more 
common form involves a lack of galactose-1-phosphate 
uridyl transferase blocking the metabolism of galactose 
in Reaction 2, as is shown in the accompanying diagram. 
The other form of galactosemia involves a deficiency of 
galactokinase, also transmitted as an autosomal recessive 
trait. In contrast to the transferase deficiency, this form 
is relatively benign and does not cause mental retarda- 
tion but only the development of cataracts (opacification 
of the ocular lens); it will not be considered further 
here. 

Estimates of the prevalence of the transferase de- 
ficiency range from one in 40,000 to one in 60,000. 
With a total lack of transferase activity, infants cannot 
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metabolize galactose-1-phosphate; when untreated, they 
develop progressive mental retardation and die early in 


infancy. Heterozygotes have half the normal level of 


transferase and are spared the consequences suffered 
by the homozygote. The lack of transferase activity 


results from a mutation that leads to the production of 


an enzymatically inactive protein, which shows antigenic 
cross reaction with the normal enzyme, suggesting some 
minor change in the amino acid sequence. Another 
mutation at the transferase locus results in the synthesis 
of a protein that possesses only 50% of the normal 
enzyme activity; this is referred to as the Duarte variant. 
These individuals are phenotypically normal and can be 
detected only by assay of enzyme activity. 

With the rise in blood galactose levels, galactosuria 
appears, accompanied by generalized aminoaciduria re- 
sulting from impaired renal tubular reabsorption. The 
diagnosis is suspected by the finding of reducing sub- 
stances in urine that are not positive for glucose. It can 
be readily established by a variety of tests. The trans- 
ferase is normally found in liver cells, leukocytes, and 
erythrocytes, and sensitive enzyme assays permit iden- 
tification of the enzyme lack in these cells. Similarly, 
antenatal diagnosis of this metabolic disorder is possible 
in cultured fibroblasts derived from amniotic fluid. 
Heterozygotes having a less severe deficiency in the 
transferase can also be detected. The elevated galactose 
levels in the blood and urine are less specific but are 
valuable clues to the existence of this condition. 

In the untreated homozygous disease, infants ap- 
pear normal at birth, but soon after milk feeding has 
been instituted develop listlessness, vomiting, diarrhea, 
and failure to thrive. Jaundice appears early and may 
seem to be a continuation of the neonatal physiologic 
jaundice. Soon thereafter, hepatomegaly, splenomegaly, 
and cataracts develop along with signs of hepatic failure. 
The liver damage may induce a prothrombin deficiency 
and a hemorrhagic tendency together with lowered 
glucose levels and attendant hypoglycemic symptoms. 
Mental retardation may now become evident. The 
downward course of the disease may be quite rapid with 
progressive motor and mental deterioration, leading to 
death from inanition, secondary infections, or hepatic 
failure. In particular these infants may develop fulmi- 
nant Escherichia coli septicemia, due possibly to the 
entry of bacteria from the gut mucosal cells damaged 
by galactose-1-phosphate. 


The involvement of the brain is surprisingly subtle. 
Nonspecific but definite alterations appear in the central 
nervous system. Loss of nerve cells, gliosis, and edema are 
particularly prevalent in the dentate nuclei of the cerebellum 
and the olivary nuclei of the medulla. There is similar gliosis 
in the cerebral cortex and white matter, but only occasional 
damage in the basal ganglia.°° 

Although other organs such as the kidney and eyes are 
affected, the liver changes are most striking. The early 
hepatomegaly is due largely to fatty change, but in time 
cirrhosis supervenes (Fig. 11-9). Microscopically, there is 
extensive fat throughout the liver lobule as well as bile stasis, 
both within ductules at the periphery of the lobule and within 
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Figure 11-9. Galactosemia. Liver shows extensive fatty change 
and a delicate fibrosis. (Courtesy of Dr. Joe Rutledge, Southwestern 
Medical School, Dallas Texas.) 


biliary canaliculi. Often, liver cells are arranged in a rosette- 
like fashion about the bile plugs. With progression of the 
disease, a delicate fibrosis appears first in the periportal 
regions and eventually extends to produce scars bridging 
adjacent portal tracts. These liver changes have a remark- 
able resemblance to those found in patients with the cirrhosis 
of alcohol abuse. Occasionally, in addition to fat the liver 
cells contain an excess of glycogen. 


The correlation of the morphologic changes in 
classic galactosemia with the metabolic derangement in 
galactose metabolism is not entirely clear. Currently it 
is proposed that, with the build-up of galactose-1- 
phosphate behind the transferase block, alternate met- 
abolic pathways are activated with the formation of 
galactitol. It is postulated that the accumulation of 
galactito] within the lens leads to hyperosmolarity and 
excessive imbibition of water to induce the cataracts. 
The reason for the hepatotoxicity remains obscure. It is 
of interest that persons with a galactokinase deficiency 
and high levels of both blood galactose and galactitol do 
not develop liver damage. Whether galactitol or galac- 
tose is directly responsible for the changes in the central 
nervous system is also unclear. 

farly recognition of the homozygous form of the 
disease, withdrawal of milk from the diet, and substi- 
tution of a galactose-free diet spare the infant the clinical 


and morphologic consequences, and normal develop- 
ment into adulthood may be expected. If treatment is 
delayed until the onset of symptoms, the neurologic 
damage seems to be irreversible, although improve- 
ments in cataracts and in liver functions may be noted. 
Delay in the institution of dietary treatment may pro- 
duce other effects that may not be recognized for many 
years. In a 1981 study of 18 galactosemic women, 12 
were found to have ovarian atrophy. As compared with 
the six patients who did not have hypogonadism, the 
affected women were diagnosed and treated at a later 
age after birth.” 


CYSTIC FIBROSIS (CF, 
MUCOVISCIDOSIS) 


Among the genetic pediatric disorders, CF is prob- 
ably the most important. It is very common and fre- 
quently fatal in childhood and young adult life. The 
cause is unknown, but it is basically a disorder of 
exocrine glands affecting both mucus-secreting and ec- 
crine sweat glands throughout the body. The abnormally 
viscid mucous secretions in the excretory pancreatic 
ducts leading to their cystic dilatation and fibrous atro- 
phy of the dependent exocrine glands first drew atten- 
tion to this condition, and gave rise to the designation 
cystic fibrosis. Later it became evident that the mucoid 
secretions throughout the body were abnormal, and 
thus this condition became known as mucoviscidosis. 
However, it was then recognized that elevation of sweat 
sodium chloride and, to a lesser extent, potassium is 
characteristically present from birth and throughout life, 
making it evident that more than mucous glands are 
involved in this disorder, and so the less restrictive 
term cystic fibrosis is again favored. Nonetheless, the 
obstruction of organ passages by the abnormally behav- 
ing mucus leads to most of the clinical features of this 
disorder, i.e., chronic pulmonary disease, pancreatic 
insufficiency, steatorrhea, malnutrition, hepatic cirrho- 
sis, intestinal obstruction, and other complications. 
These manifestations may appear at any point in life 
from before birth to much later in childhood or even in 
adolescence. 

INCIDENCE. Most of the evidence favors the view 
that cystic fibrosis follows simple autosomal recessive 
transmission. Homozygotes fully express this syndrome. 
Heterozygotes have no recognizable clinical symptoms. 
The frequency of cystic fibrosis in whites is approxi- 
mately one in 2000. Orientals and blacks are seldom 


affected, but racial intermarriages have disseminated - 


the disease. On the basis of the frequency of affected 
homozygotes in the white population, it is estimated 
that one in 20 individuals must be heterozygous carriers. 
Because of the high frequency of this condition, there 
is speculation that heterozygotes may have a slight 
survival advantage, but this hypothesis remains to be 
proved. 

ETIOLOGY AND PATHOGENESIS. No pediatric disease 
has received more intensive study nor aroused more 
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Cystic Fibrosis (CF, Mucoviscidosis) 


controversy than CF. Despite all the studies, no unify- 
ing concept has yet emerged that satisfactorily explains 
the abnormalities involving both mucous and sweat 
glands or unravels the basic metabolic defect. Since CF 
is a mendelian disorder, one would expect it to be the 
result of mutation in a single gene, giving rise to a 
single protein defect (p. 135). However, it has not been 
possible to identify the abnormal gene product, and 
therefore detection of heterozygotes is still not feasible. 
Only a brief survey of the various lines of investigation 
can be offered here; for more details reference should 
be made to appropriate reviews.*) ” 

Before we discuss the various hypotheses, it is 
worth emphasizing that tissues other than the exocrine 
secretory glands appear to be normal; that, despite the 
abnormal behavior of the mucous secretions in CF, the 
mucous glands themselves are morphologically normal 
before they are damaged by the disease; and finally that 
the only consistent biochemical abnormality is the ele- 
vation in sweat sodium and chloride levels. Any credible 
hypothesis must then take into account and explain all 
these features of cystic fibrosis. The current research 
into the pathogenesis of CF can be grouped into three 
major lines of investigation, discussed below. 

Physicochemical Properties of Exocrine Secretions. 
Since the major anatomic changes in CF result from the 
obstruction of exocrine gland ducts by abnormally be- 
having mucus, much effort has been spent in the analysis 
of mucus. Although it is often considered that the mucus 
secreted by CF patients is more viscid, objective studies 
to support this notion are scant. Increased viscosity has 
been documented in pancreatic secretions but not in 
sputum or other secretions.* 8 Turning next to the 
biochemical composition of the mucus, some authors 
have reported that mucus obtained from intestinal gob- 
let cells of CF patients is more highly glycosylated,“ 
but the generality or significance of this observation 
remains to be established. It has also been proposed 
that hypersecretion of calcium by mucous glands is a 
primary abnormality. Since the solubility of glycopro- 
teins can be decreased by excessive calcium, this would 
seem to be a plausible hypothesis. However, increased 
calcium has only been demonstrated in submaxillary 
saliva obtained from CF patients, and other secretions 
including tracheobronchial mucus and sweat have a 
normal calcium content. 

Regulation of Exocrine Gland Secretions. Since no 
consistent abnormality has been found in the composi- 
tion of the secretions, other investigators have focused 
on the regulation of exocrine gland functions. Factors 
known to regulate secretory processes include intracel- 
lular calcium and the activity of the autonomic nervous 
system.* Increased levels of intracellular calcium have 
been reported in cells obtained from CF patients, and 
on the basis of this observation a hypothesis has been 
proposed that relates the abnormalities in sweat and 
other exocrine glands to a central disorder of calcium 
homeostasis. *° However, whether increased intracellular 
calcium is a cause of the exocrine gland abnormalities 
or results from a primary disorder of sodium transport 
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is not clear, so that this hypothesis, like most others, 
remains in the realm of speculation.*’ Evaluation of the 
autonomic nervous system in patients with CF has 
revealed abnormalities. Heightened alpha-adrenergic 
and cholinergic function and impaired beta-adrenergic 
responses have been reported.** Hyporesponsiveness to 
beta-adrenergic stimuli has also been confirmed in vitro 
in the form of reduced cAMP response of leukocytes to 
beta-adrenergic stimulation. This is explained in part by 
the reduction of cell membrane beta-adrenergic recep- 
tors in leukocytes of CF patients.*? Whether these 
observations reflect the presence of a membrane defect 
in the secretory epithelium as well remains unknown. 

Abnormalities in Serum. For over two decades var- 
ious investigators have reported finding serum factors 
that inhibit ciliary activity in vitro in such disparate 
animal models as rabbit tracheal epithelium and gills of 
oyster. Depending on the investigator and the assay 
system employed, such factors have been called “mu- 
cociliary inhibitors’°° or “ciliary dyskinesia  sub- 
stances. °! More recently, such factors have also been 
obtained from saliva, urine, and supernatants of fibro- 
blasts and leukocytes cultured in vitro. Since measure- 
ments in the assay systems employed for the detection 
of these factors are subjective, much disagreement has 
been generated regarding the validity and reproducibil- 
ity of such data.*! Nevertheless, interest continues, since 
the reported in vitro effects of these factors (i.e.. inhi- 
bition of ciliary activity and excessive mucus production 
in the rabbit tracheal epithelium) mimic some of the 
expressions of CF in vivo. Attempts are under way to 
biochemically characterize the mucociliary inhibitors, 
and preliminary data suggest they are low-molecular- 
weight glycoproteins.* * If upon further characteriza- 
tion the mucociliary inhibitor is found to be the product 
of the CF gene, it could be extremely useful in heter- 
ozygote screening. As mentioned earlier, 5% of the 
population is believed to carry the deleterious gene, 
and at present there is no reliable method for hetero- 
zygote detection. 


MORPHOLOGY. The anatomic changes are highly var- 
lable and depend on which glands are affected and on the 
severity of this involvement. In some infants, the disease 
is quite mild and does not seriously disturb their growth and 
development, and they readily survive into adolescence or 
adult life. In others, the pancreatic involvement is severe 
and impairs intestinal absorption because of the pancreatic 
achylia, and so malabsorption, inanition, and stunted devel- 
opment not only seriously hamper life but shorten survival. 
In others, the mucous secretion defect leads to obstruction 
of bronchi and bronchioles and crippling fatal pulmonary 
infections. Thus, cystic fibrosis may be compatible with long 
life or may cause death in infancy. 

Pancreatic abnormalities are present in approximately 
80% of patients. In the milder cases, there may be only 
accumulations of mucus in the small ducts with some dila- 
tation of the exocrine glands. In more advanced cases, 
usually seen in older children or adolescents, the ducts are 
totally plugged, causing atrophy of the exocrine glands and 
progressive fibrosis (Fig. 11-10). Because many of these 
children are being kept alive by appropriate therapy, the 
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Figure 11-10. Cystic fibrosis of pancreas. Ducts are dilated and 
plugged with mucin, and parenchymal glands are totally atrophic 
and replaced by fibrous tissue. 


advance of the disease sometimes leads to total atrophy of 
the exocrine portion of the pancreas, leaving only the islets 
within a fibrofatty stroma. The total loss of pancreatic exo- 
crine secretion impairs fat absorption, and so avitaminosis 
A may contribute to squamous metaplasia of the lining 
epithelium of the ducts in the pancreas, which are already 
injured by the inspissated mucous secretions. In part be- 
cause of the absence of the pancreatic amylases and in part 
owing to the deranged gastrointestinal mucous secretions, 
thick tenacious plugs of viscid mucous may be found in the 
small intestine of infants. Sometimes these cause small 
bowel obstruction known as meconium ileus. 

The liver involvement follows the same basic pattern. 
Bile canaliculi are plugged by mucinous material. When this 
is of long duration, progressive bile duct proliferation and 
portal fibrosis appear along with a periportal mononuclear 
cell infiltration. Thus, biliary cirrhosis (p. 928) with its diffuse 
hepatic nodularity may develop in the longer surviving cases. 
Such severe hepatic involvement is encountered in only 
approximately 5% of patients, although minor hepatic 
changes such as diffuse fatty change are fairly common. 

The salivary glands are frequently involved with his- 
tologic changes similar to those described in the pancreas: 
progressive dilatation of ducts, squamous metaplasia of the 
lining epithelium, and glandular atrophy followed by fibrosis. 

The pulmonary changes are seen in almost every 
case and are the most serious complications of this disease. 
These stem from the viscous mucous secretions of the 
submucosal glands of the respiratory tree with secondary 
obstruction and infection of the air passages. Grossly, the 
lungs may be emphysematous or atelectatic, depending on 
whether the mucus plugs cause subtotal or total obstruction 
of the respiratory passages. The bronchioles are often 
distended with thick mucus associated with marked hyper- 


plasia and hypertrophy of the mucus-secreting cells. Super- 
imposed infections give rise to severe chronic bronchitis and 
bronchiectasis (p. 729). In many instances, lung abscesses 
develop. Staphylococcus aureus and Pseudomonas aeru- 
ginosa are the two most common organisms responsible for 
lung infections. For reasons not entirely clear, a mucoid form 
of P. aeruginosa seems to be emerging as the most frequent 
respiratory pathogen in CF. Its prevalence does not seem 
to be related to long-term antibiotic therapy.*® Once this 
organism is acquired, it seems to persist for long periods, 
presumably owing to its ability to escape phagocytosis and 
its impermeability to antibiotics. 

A variety of other morphologic changes may be present; 
important among these are the obstruction of wolffian duct 
derivatives, i.e., the epididymis and vas deferens, which are 
responsible for azoospermia and infertility in 95% of the 
males who survive to adulthood. 


CLINICAL CourRSE. Few childhood diseases are as 
protean as cystic fibrosis in clinical manifestations. The 
symptomatology may range from mild to severe, from 
onset at birth to first becoming evident years later, and 
from syndromes that present essentially as cardiopul- 
monary disease to those that present as intestinal ob- 
struction or as prolapse of the rectum due to chronic 
constipation. In the classic case, the disorder is discov- 
ered in a child between the second and twelfth month 
of life who comes to attention because of malodorous 
steatorrhea and recurrent chronic pulmonary infections. 
Severely affected newborns may fail to regain their birth 
weight. In others (approximately 5 to 10%), the meco- 
nium ileus produces intestinal obstruction and, indeed, 
such may occur in utero and lead to perforation of the 
gut. The pancreatic insufficiency induces a malabsorp- 
tion syndrome manifested principally as inanition, fat 
intolerance, steatorrhea, and deficient absorption of the 
fat-soluble vitamins A, D, and K (p. 403). Avitaminosis 
K may in turn lead to bleeding tendencies. In almost 
all instances, if the infant or child survives long enough, 
chronic cough, obstructive pulmonary disease, and per- 
sistent pulmonary infections develop and are responsible 
for approximately 80 to 90% of deaths. 

Early diagnosis of this condition continues to be a 
problem; considerable numbers of patients are not iden- 
tified until after death. Attention to the nutritional status 
of the patient and antibiotic control of pulmonary infec- 
tions significantly prolong survival, if the disease can be 
identified early. Most reliable is the sweat test as 
formulated by the Cystic Fibrosis Foundation: “The 
diagnosis of cystic fibrosis must include a carefully 
performed quantitative pilocarpine iontophoretic sweat 
test which is interpreted by an experienced physician. 
Generally the test should be carried out in duplicate or 
repeated at least one time.” A positive sweat test in the 
presence of one or more of the major clinical features 
provides reasonable evidence of the disease. 

Better medical care of these patients has produced 
heartening improvement in the outlook for this disease. 
Not more than two decades ago, most patients died in 
infancy; today the mean survival is in the range of 20 
years. Despite survival into adult life, most affected 
males are aspermic because of regressive changes in the 
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epididymis, raising once again the puzzling problem of 
how the frequency of this serious deleterious gene or 
genes is maintained in the white population. 


SUDDEN INFANT DEATH SYNDROME 
(SIDS) 


The Second International Conference on Causes of 
Sudden Death in Infants formulated the most widely 
accepted definition of SIDS as follows: “the sudden and 
unexpected death of an infant who was either well or 
almost well prior to death, and whose death remains 
unexplained after the performance of an adequate au- 
topsy.”** Clearly, this definition reflects our ignorance 
of the very basis of this tragic disorder. Not surprisingly, 
therefore, the literature has been flooded with hy- 
potheses, speculations, and conjectures, many of which 
have not stood the test of time. Favored today is the 
view that these infants have a defect in the autonomic 
regulation of respiratory or cardiac functions. Here we 
will review the salient epidemiologic, anatomic, and 
pathophysiologic studies that have contributed to the 
formulation of some working hypotheses. A detailed 
discussion of these may be found in several reviews.°”*° 

Also called “crib death” or “cot death,” this stun- 
ning family tragedy is by no means uncommon, since it 
is estimated to account for about 10,000 deaths annually 
in the United States. As infantile deaths due to nutri- 
tional problems and microbiologic infections have come 
under control in countries enjoying higher standards of 
living, SIDS has assumed greater importance and is 
now one of the major causes of mortality in 2- to 4- 
month-old infants. Around the world it causes from one 
to five deaths per 1000 live births. 

Most of these infants are between the ages of 2 and 
4 months. Most die at home, usually during the night 
after a period of sleep. Only rarely is the catastrophic 
event observed, but even when seen it is reported that 
the apparently healthy infant mysteriously and suddenly 
turns blue, stops breathing, and becomes limp without 
emitting a cry or struggle. Most have had minor mani- 
festations of an upper respiratory infection preceding 
the fatal event. 

In recent years the term “near-SIDS” has been 
applied to those infants who could be resuscitated after 
such an episode. There is little doubt that this term is 
diagnostically imprecise and that many such infants have 
definable underlying diseases. However, since some of 
the apparently normal “near-misses’ have been reported 
to succumb later to SIDS, considerable interest is 
centered around the definition of potentially significant 
but subtle cardiovascular or pulmonary abnormalities in 
these infants. 

Circumstances surrounding these deaths have been 
explored in great detail and have yielded some signifi- 
cant observations, but the basic mystery has not been 
resolved. There is considerable evidence that as a group 
these infants are different from normal infants in a 
great many respects.” At autopsy, their crown-to-heel 
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length, head circumference, and weight gain are signif- 

icantly lower than in controls. The growth retardation 
involves not only the skeletal system but also the brain 
and other organs. In general they are less active during 
life than their sibling controls, nurse less effectively, 
and in many respects are less robust than normal infants 
of comparable birth weight and age. However, none of 
these characteristics-—-singly or in combination- -is suf- 
ficiently clear-cut to identify infants at particular risk. 

Attempts to develop a profile of the family setting 
have yielded the following correlates: premature birth, 
with resultant lower birth weight; families from lower 
socioeconomic groups, particularly minority groups; 
large families; overcrowded homes; and young mothers. 
The risk is increased if the mother smoked cigarettes or 
abused narcotics (particularly methadone). The latter is 
associated with a markedly increased risk, independent 
of socioeconomic status. However, it should be empha- 
sized that no infant is immune, and SIDS has occurred 
despite optimal home conditions. Although there is no 
evidence for any genetic predisposition, there is an 
unmistakable tendency for this tragedy to recur within 
families. Among siblings of affected infants, crib death 
is four to seven times more common than in the 
population at large. 

At autopsy a variety of findings have been recorded. 
An increase in the thickness of small pulmonary arteries 
due to medial smooth muscle hypertraphy and hyper- 
plasia has been noted. This, along with gliosis in the 
brain stem, has been taken to indicate the presence of 
chronic hypoxia. Some investigators have reported that 
many of these infants have right ventricular hypertro- 
phy, but whether this is primary or a consequence of 
pulmonary arterial changes is unresolved. Histologic 
abnormalities in the conduction system—the bundle of 
His and the sinoatrial node—have also been reported 
by some, but not confirmed by others. These infants 
also frequently exhibit retention of hepatic extramedul- 
lary hematopoiesis and periadrenal “brown” fat, and an 
increased volume of adrenal chromaffin cells. It is 
tempting to speculate that all these changes relate to 
chronic hypoxemia, retardation of normal development, 
and chronic stress.°! Petechiae in the pleura and epicar- 
dium as well as pulmonary congestion and edema com- 
patible with hypoxic death are often found, but these 
could be agonal changes. There may also be some 
histologic evidence of recent respiratory infection, but 
these changes are generally considered to be of no lethal 
significance. Although autopsy fails to provide a clear 
cause of death, it is clear that as a group most of these 
infants do reveal subtle morphologic abnormalities, al- 
beit of uncertain significance. 

Understandably, a large number of etiologic and 
pathogenic postulations have been offered. Infection, 
particularly viral infection, is thought by some to be 
important. In support is cited the frequent history of 
antecedent viral infection and the increased frequency 
of both SIDS and viral infections in winter months. 


Virus can often be recovered from a variety of tissues 
post mortem, but in a significant proportion of infants 
no virus is isolated. Moreover, the isolation rate for 
virus in these circumstances does not differ significantly 
from that in infants dying of other causes. Viral infections 
are now believed merely to unmask or exaggerate other 
regulatory abnormalities of respiration. 

Currently favored is the possibility of an instanta- 
neous interruption of some basic physiologic function 
involving either the heart or respiration. There is a 
belief, disputed by some, that even normal infants have 
electrical instability of the heart as a consequence of 
the normal remodeling process of the cardiac conduction 
system. As the heart grows larger, there is resorption of 
some conduction fibers and growth of others, yielding 
an unstable condition. In support of the cardiac theory, 
electrocardiographic abnormalities (prolonged Q-T in- 
terval) have been cited in some “near-SIDS” and normal 
infants between the ages of 2 and 4 months, a period 
corresponding to the peak incidence of SIDS. These 
have been attributed to some imbalance in the function 
of the sympathetic nervous system.*’ Other indications 
of autonomic dysfunction, such as alterations in the 
heart rate and rhythm, have also been suspected. Con- 
ceivably, these less robust and more fragile infants might 
be more vulnerable to cardiac irregularities. However, 
there is no unanimity as to whether the morphologic 
evidence supports such a notion. 

Interruption of respiratory function that may arise 
centrally or peripherally’ continues to be a seductive 
hypothesis. In favor of a central dysfunction is the 
observation that, in some infants with episodes of “near- 
SIDS” that eventually culminated in sudden death, 
there is a history of repeated spells of apnea, some of 
which are prolonged (>15 sec). Sleep could well be a 
predisposing factor, since it depresses central respira- 
tory activity. Similarly, apneic episodes are more com- 
mon with infection and in infants of low birth weight. 
Central hypoventilation is also associated with use of 
methadone by the mother, which as mentioned earlier 
greatly increases the risk of SIDS. Alternatively, the 
respiratory defect may be peripheral. It has been shown 
that in the young infant the airway is particularly 
vulnerable to narrowing at the oropharyngeal level when 
there is marked muscle relaxation during deep sleep, a 
large tongue, and a hypermobile mandible. Inapparent 
infections may compound the problem by triggering 
laryngeal spasm or pathways involving recently de- 
scribed postlaryngeal receptors, leading to reflex apnea. 
The repeated episodes of hypoxia could be responsible 
for the changes in pulmonary vasculature and astrogliosis 
of the brain stem already mentioned, although at present 
it is not possible to establish a clear cause-and-effect 
relationship between the anatomic and _ functional 
changes. In conclusion, although mystery still surrounds 
these deaths, most investigators now believe that infants 
at risk have subtle physiologic handicaps, some of which 
may have been acquired before birth. 


TUMORS AND TUMOR-LIKE LESIONS 
OF INFANCY AND CHILDHOOD 


Only 2% of all malignant tumors occur in infancy 
and childhood; nonetheless, cancer (including leukemia) 
is the leading cause of death from disease in the United 
States in children beyond infancy and up to 14 years of 
age. According to the Vital Statistics of the United 
States in 1980, neoplastic disease accounted for approx- 
imately 9.2% of all deaths in this cohort; only accidents 
caused more. Benign tumors are even more common 
than cancers. Most benign tumors are of little concern, 
but rarely they cause serious disease or even death by 
virtue of their location or rapid increase in size. 

It is surprisingly difficult to segregate on morpho- 
logic grounds true tumors or neoplasms from tumor-like 
lesions in the infant and child. Displaced cells and 
masses of tissue may be present from birth that are 
normal in appearance histologically but nonetheless 
grow at approximately the same rate as the growth of 
the fetus and infant. Indeed, few neoplasms grow as 
rapidly as the normal embryo. Should such displaced 
cells and masses be construed as new growths or simply 
as malformations that enlarge along with the child? In 
recognition of these intergrades between normal tissue 
growth and true neoplasia, several special categories of 
tumor-like lesions have been created. 


CHORISTOMAS 


The term choristoma has been applied to micro- 
scopically normal cells or tissues that are present in 
abnormal locations. Generally a choristoma is a cohesive 
mass of aberrant or heterotopic tissue, e.g., a rest of 
pancreatic tissue found in the wall of the stomach or 
small intestine, or a small mass of adrenal cells found 
in the kidney, lungs, ovary, or elsewhere. Rarely, 
choristomas take the form of scattered, normal-appear- 
ing cells found in inappropriate locations. The hetero- 
topic rests are usually of only academic interest, but 
they can be confused clinically with neoplasms. Rarely, 
they are sites of origin of true neoplasms, producing the 
paradox of an adrenal carcinoma arising in the ovary. 
Even more rarely, an aberrant rest of splenic tissue may 
perpetuate abnormal hypersplenic function following 
removal of the definitive spleen (p. 699). 


HAMARTOMAS 


The term hamartoma designates an excessive focal 
overgrowth of mature normal cells and tissues in an 
organ, composed of identical cellular elements. Although 
the cellular elements are mature and identical to those 
found in the remainder of the organ, they do not 
reproduce the normal architecture of the surrounding 
tissue. The line of demarcation between a hamartoma 
and a benign neoplasm is at best tenuous and is variously 
interpreted. Hemangiomas, lymphangiomas, rhabdo- 
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myomas of the heart, adenomas of the liver, and devel- 
opmental cysts within the kidneys, lungs, or pancreas 
are construed by some as hamartomas and by others as 
true neoplasms. The frequency of these lesions in in- 
fancy and childhood gives credence to the belief that 
they are developmental aberrations, meriting the des- 
ignation hamartoma. In support of this view, some of 
these tumors, principally hemangiomas, spontaneously 
regress and completely disappear. Whatever the inter- 
pretation, they are often present at birth, and for a time 
may rapidly enlarge along with the growth of the infant 
and child. In the course of such growth they can become 
bothersome clinical problems, as discussed below. 


BENIGN TUMORS AND TUMOR-LIKE LESIONS 


Reference has already been made to the difficulty 
in distinguishing benign tumors from hamartomas. The 
benign neoplasms are far more common in infancy and 
childhood than are cancers. Virtually any histologic 
pattern may be encountered, but within this wide array 
hemangiomas, lymphangiomas, and teratomas deserve 
special mention. They are described in greater detail in 
appropriate chapters, but here a few comments will be 
made about their special features in childhood. 

Hemangiomas (p. 539) are the most common tu- 
mors of infancy. Architecturally they do not differ from 
those encountered in adults. In children most are lo- 
cated in the skin, particularly on the face and scalp, 
where they produce flat-to-elevated, irregular, red-blue 
masses; sometimes large lesions are referred to as “port- 
wine stains.” They may enlarge along with the growth 
of the child, but in many instances, as mentioned, they 
spontaneously regress. In addition to their cosmetic 
significance, they can represent one facet of some he- 
reditary disorder, such as von Hippel-Lindau disease. 
On very rare occasions, vascular tumors, particularly 
those in the liver and soft tissues, demonstrate malignant 
changes. 

A wide variety of lesions are of lymphatic origin. 
Some of them—-lymphangiomas—are hamartomatous or 
neoplastic in origin, whereas others appear to represent 
abnormal dilations of preexisting lymph channels known 
as lymphangiectasis. The lymphangiomas (p. 544) are 
usually characterized by cystic and cavernous spaces. 
Lesions of this nature may occur on the skin but more 
importantly are encountered in the deeper regions of 
the neck, axilla, mediastinum, retroperitoneal tissue, 
and elsewhere (Fig. 11-11). Although histologically be- 
nign, they tend to increase in size after birth, both by 
the collection of fluid and by the budding of preexisting 
spaces. In this manner they encroach on vital structures 
such as those in the mediastinum or nerve trunks in the 
axilla to constitute serious clinical problems. Lymphan- 
giectasis, in contrast, usually presents as a diffuse swell- 
ing of a part of or all of an extremity; considerable 
distortion and deformation may result as a consequence 
of the spongy, dilated subcutaneous and deeper lym- 
phatics. However, the lesion is not progressive and does 
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Figure 11-11. Infant with a submandibular lymphangioma causing 
irregular swelling beneath chin and in right buccal region. 


not extend beyond its original location. Nonetheless, it 
gives rise to difficult corrective cosmetic problems. 
Teratomas (p. 231) may occur as well-differentiated 
cystic lesions—dermoid cysts that are usually benign— 
or as solid malignant teratomas. They exhibit two peaks 
in incidence; the first at approximately 2 years of age 
and the second in late adolescence or early adult life. 
The first peak probably represents congenital neo- 
plasms; the later-occurring lesions may merely be more 
slowly growing lesions of prenatal origin. Most teratomas 
of infancy and childhood arise in the sacrococcygeal 
region. Other sites include the gonads, mediastinum, 
base of the skull, roof of the pharynx, hard or soft palate, 
and base of the tongue. Sacrococcygeal teratomas occur 
in one out of 20,000 to 40,000 live births and are noted 
four times more frequently in females than in males. 
Approximately 75% of these are histologically mature 
(p. 155) with a benign course, and of the remainder 
about 12% are unmistakably malignant and lethal. Most 
of the benign teratomas are encountered in younger 
infants (below the age of 4 months), whereas children 
with malignant lesions tend to be somewhat older.™ 


MALIGNANT TUMORS 


Cancers of infancy and childhood differ in many 
respects from those of later life. Our purpose here is to 
point out these differential features rather than describe 
individual neoplasms, which are considered in later 
chapters dealing with the appropriate organs. 


Types. Although any type of cancer may arise in 
the early years of life and indeed in utero, the distri- 
bution of common cancers of infancy and childhood 
differs sharply from that of adults. Carcinomas of the 
skin, lung, breast, prostate, and colon (to mention only 
some of the more common tumors) constitute the bur- 
den of neoplasia in adults, but these lesions are distinctly 
uncommon in childhood. Instead, the usual origins of 
childhood cancers are the hematopoietic system, ner- 
vous tissue (including the central and sympathetic ner- 
vous system, adrenal medulla, and retina), soft tissues, 
bone, and kidney. Eight neoplasms exhibit sharp peaks 
in incidence in children under 5 years of age: (1) 
leukemia (principally acute lymphocytic leukemia), (2) 
neuroblastoma (Fig. 11-12), (3) Wilms’ tumor, (4) liver 
cancer, (5) retinoblastoma, (6) rhabdomyosarcoma, (7) 
teratoma, and (8) ependymoma. Other forms of cancer 
are also common in childhood but do not have the same 
striking early peak. The distribution of these cancers is 
roughly indicated in Table 11-6. Within this large array, 
leukemia alone accounts for more deaths in children 
under 15 years of age than all the other tumors collec- 
tively. In order of importance it is followed by neuro- 
blastoma, Wilms’ tumor, lymphoma, and osteogenic 
sarcoma. Collectively, these five forms of neoplasia 
account for almost three-fourths of all neoplastic deaths 
in this age group. 

GENETICS AND ORIGINS. As earlier discussions have 
noted (pp. 155 and 248), genetic mutations underlie 
certain tumors, many of which occur in childhood. In 
some instances the mutation produces both an increased 
predisposition to cancer and concomitant congenital 
malformations. These associations provide, in some in- 
stances, easily detected clinical syndromes having a 
strong potential for the later appearance cf a neoplasm. 
For example, the child with congenital aniridia is vul- 
nerable to Wilms’ tumor. Usually the aniridia is also 
associated with genitourinary malformations and mental 
retardation (AGR complex). Hemihypertrophy (gross 
asymmetry of the body) carries with it an increased risk 
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Figure 11-12. Bilateral adrenal neuroblastomas that dwarf the 
kidneys. 
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Table 11-6. COMMON MALIGNANT NEOPLASMS OF INFANCY AND CHILDHOOD 


0 to 4 Years 5 to 9 Years 10 to 14 Years 
Leukemia Leukemia 
Retinoblastoma Retinoblastoma 
Neuroblastoma Neuroblastoma 
Wilms’ tumor 
Hepatoblastoma Hepatocarcinoma Hepatocarcinoma 
Soft tissue sarcoma (especially Soft tissue sarcoma Soft tissue sarcoma 
rhabdomyosarcoma) 
Teratomas 
CNS tumors CNS tumors 


Ewing’s tumor 


Lymphoma 


Osteogenic sarcoma 
Thyroid carcinoma 
Hodgkin's disease 
Carcinoma of colon 


of Wilms’ tumor, hepatoblastoma, and adrenocortical 
carcinoma. These and other associations have been 
reviewed.™ 

Cancer-predisposing mutations may take the form 
of cytogenetic aberrations. A child with trisomy 21 
(Down’s syndrome) has about a one in 200 chance of 
developing leukemia, representing a ten- to 15-fold 
increased attack rate. A small number of cases of neu- 
roblastoma and Wilms tumor show associations with 
specific deletions of chromosomes 13 and 11 respec- 
tively, often accompanied by several other congenital 
malformations.© Those with the chromosomal breakage 
syndromes have a high frequency of leukemias (p. 264). 

Gene mutations with autosomal dominant modes of 
transmission underlie certain forms of neoplasia (p. 264). 
Principal among these autosomal dominant tumors is 
the retinoblastoma (derived from neuroblasts in the 
retina), but the evidence grows stronger with each 
passing year that Wilms’ tumor and neuroblastoma also 
have similar modes of transmission. Knudson proposes 
a two-mutation theory for these childhood cancers in 
which the first mutation is prezygotic in germinal cells, , 
providing a subsoil for the second mutation early in life,’ 
which initiates the cancer.© In sporadic cases, both 
mutations might occur as postzygotic events, more likely 
initiating tumor development at a later age. However, 
it must be emphasized that even with the retinoblastoma 
and all other tumors with mendelian transmission, only 
a proportion of all patients with such neoplasms have 
well-defined, familial hereditary backgrounds. It has 
been estimated that only 40% of all cases of retinoblas- 
toma are hereditary; the remainder are sporadic. With 
the prezygotic familial tumors there is a much greater 
likelihood of bilateral lesions, and the mean age of 
appearance is significantly lowered. Moreover, those 
with “cancer genes are more susceptible to other forms 
of cancer, sometimes expressed as a risk of the order of 
10 to 15%.” 

Several cautions must be noted. Gene carriers do 
not inevitably develop neoplasms, and in the case of the 
retinoblastoma there is a 10% chance that the carrier 
will not develop a tumor (90% penetrance). With Wilms’ 
tumor the penetrance is estimated to be 60%. Moreover, 
bilateral neoplasms, as for example Wilms tumors, may 


be encountered in children with unaffected parents. 
According to Knudson’s two-hit hypothesis, reduced 
penetrance may be explained by the absence of the 
second or somatic event in the carriers of the first 
mutation. This may also account for the less than 100% 
concordance in monozygotic twins. 

Environmental influences also contribute signifi- 
cantly to the origin of childhood cancers. Best docu- 
mented is the carcinogenic potential of radiant energy. 
The nuclear fallout of the atomic bombs has yielded a 
1.5- to 1.8-fold increased incidence of cancer deaths 
(excluding leukemia) in survivors who received 200 rads 
or more of ionizing radiation. Decades later, an in- 
creased incidence of carcinoma of the thyroid has been 
found in children who received therapeutic irradiation 
of the head or neck in early life. Ironically, other types 
of malignant neoplasms have followed the radiotherapy 
of retinoblastomas, Wilms’ tumors, and neuroblastomas. 
Chemical agents (including drugs) also contribute to the 
origin of malignant neoplasms. Vaginal adenosis—glan- 
dular inclusions thought to be precancerous—and vagi- 
nal adenocarcinoma have developed in children whose 
mothers received stilbestrol between the eighth and 
18th week of pregnancy.® Most of these cancers occur 
late in the second decade or early in the third decade 
of life. Viruses likewise may contribute to the origin of 
childhood neoplasms. Although the implication is far 
from established, Burkitt's lymphoma (p. 662), sus- 
pected of being caused by the Epstein-Barr virus, is the 
most common form of lymphoma in childhood. Thus, it 
is evident that all the environmental influences thought 
to have carcinogenic potential in adults may induce 
cancers in early life. 

CLINICAL BEHAVIOR. Cancers of infancy and child- 
hood behave quite differently from those of later life. 
They tend to be more rapidly growing and as a result 
often produce disproportionately large masses in the 
young. Bilateral neuroblastomas of the adrenals may 
induce a protuberant abdomen, as may other intra- 
abdominal masses. Often they are readily evident on 
visual inspection when the child is lying down. For 
unknown reasons, even large masses are not associated 
with early anemia, loss of weight, or cachexia in this 
age group. Instead, the clinical manifestations often 
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resemble those of an infectious process, with fever and 
malaise. Many are responsive to irradiation and che- 
motherapy, and remarkable results have been achieved 
with these modalities in certain forms of cancer. For 
example, two-year survival rates of almost 95% have 
been reported after the combined use of surgery and 
chemotherapy in the treatment of Wilms’ tumor in 
children in whom the tumor is limited to the kidney.” 

Spontaneous differentiation of some childhood tu- 
mors, for example, the embryonic neuroblastoma, into 
the relatively benign ganglioneuroma has been unmis- 
takably documented in some patients. Remarkably, 
spontaneous regression of neuroblastomas occurs most 
commonly in patients with small primary tumors and 
extensive metastases involving liver, skin, and bone 
marrow (but not bone). Most of these patients are infants 
with a median age of 3 months, and according to some 
authors they should be classified into a special category 
called stage IV-S (special)."' In contrast, those who have 
metastases to the bone (stage IV) are usually older 
(median age 1 year) and usually have aggressive tumors. 
The cumulative mortality for all ages is about 50%.” 
The recognition of stage IV-S neuroblastomas has gen- 
erated much interest since clarification of the mecha- 
nisms underlying spontaneous regression could advance 
our understanding of tumor biology. In one study it was 
found that children with stage IV disease, but not stage 
IV-S, had high serum levels of ferritin associated with 
inhibition of T-cell E-rosette formation in vitro.” This 
suggests that immunologic factors may underlie the 
sharp difference in the biologic behavior of this tumor. 
According to Knudson, however, the stage IV-S neu- 
roblastoma may be viewed not as a malignant dissemi- 
nated tumor but as multiple foci of hyperplastic neural 
crest cells that bear only one of the two mutations 
required for development of malignancy (p. 499). This 
interesting hypothesis is testable since hyperplastic foci 
would have a polyclonal origin, whereas truly malignant 
tumors are monoclonal.” 

Depressing as the development of a cancer is in a 
child, the outlook is not entirely bleak. Moreover, 
clinical experience has shown that when metastases or 
recurrences have not taken place after a period of time 
represented by the patient's age at the time of removal 
of the lesion plus nine months, the probability is strong 
that a complete cure has been effected. In other words, 
cancers of infancy and childhood declare themselves 
early, and so both parents and patients can be reassured 
after an appropriate time interval that they no longer 
live under the sword of Damocles. 

In this chapter, it must be apparent that we have 
only skimmed the surface of the large catalog of pediatric 
diseases. The disorders presented, however, are among 
the most common and important and rightfully belong 
within the scope of general medical knowledge. As 
stated at the outset, the major disorders of infancy and 
childhood are peculiar to the age group. Only a few, 
such as neoplasms, and infections, also affect adults, 
and then they usually present different morphologic and 
clinical features. The disorders of children and of adults 
differ more than the child from the adult. 
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NORMAL 
PATHOLOGY disorders 
ARTERIES Infectious arteritis 


Congenital Anomalies 
Arteriovenous fistula or aneurysm 
Arteriosclerosis 
Atherosclerosis (AS) 
Monckeberg's arteriosclerosis (medial 
calcific sclerosis) 
Arteriolosclerosis 
Hyaline arteriolosclerosis 
Hyperplastic arteriolosclerosis 
Inflammation—The Vasculitides 
Polyarteritis nodosa (PAN) group 
Hypersensitivity (leukocytoclastic) angiitis 


phenomenon 
Aortic Aneurysms 


disease 


VEINS 
Varicose Veins 


Wegener's granulomatosis phlebitis 

Giant cell (temporal) arteritis LYMPHATICS 

Takayasu's arteritis Lymphangitis 

Kawasaki's disease (mucocutaneous lymph Lymphedema 
node syndrome) TUMORS 


Thromboangiitis obliterans (Buerger's 


disease) Hemangioma 


NORMAL 


In order to understand the diseases that affect the 
vessels, we should consider some of the distinctive 
anatomic and functional characteristics of these struc- 
tures.’ Arteries are divided into three categories based 
on their size and certain histologic features: (1) large or 
elastic arteries, including the aorta; (2) medium-sized or 
muscular arteries, also referred to as distributing arter- 
ies; and (3) small arteries (usually less than 2 mm in 
diameter) that course, for the most part, within the 
substance of tissues and organs. All arteries character- 
istically possess three coats—a tunica intima, a tunica 
media, and a tunica adventitia—-most clearly distin- 
guished in the larger vessels. As the vessels diminish in 
caliber, the three separable coats become progressively 
indistinct and eventually are no longer identifiable at 
the level of the arterioles. 

The large elastic arteries of the body include the 
aorta and its major branches: the innominate, the sub- 
clavian, the beginning of the common carotid, and the 
origins of the pulmonary arteries. The tunica intima of 
these vessels is composed of a smooth layer of thin 
endothelial cells based on a delicate basement mem- 
brane that penetrates between the subendothelial con- 
nective tissue and the underlying smooth muscle cells. 
At birth, the tunica intima is quite thin. Throughout 
life, the intima thickens by the progressive accumulation 
of connective tissue matrix as well as myointimal cells. 
The outer limit of the tunica intima is demarcated by a 
poorly defined zone of longitudinally dispersed elastic 
fibers that create a thick felting of elastic tissue. These 
fibers are not compacted into a discrete internal elastic 
lamina in vessels of this caliber, as is the case in the 
muscular arteries (see below), and are poorly separated 
from the elastic fibers contained within the media. 

The tunica media, or muscular layer, is rich in 
elastic tissue in the large arteries, hence their designa- 
tion as elastic arteries. The elastic fibers of the media 
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Vasculitis associated with other underlying 


Raynaud's disease and Raynaud's 


Arteriosclerotic (atherosclerotic) aneurysms 
Syphilitic (luetic) aneurysms and heart 


Dissecting aneurysms (aortic dissection or 
dissecting hematoma) 


Phlebothrombosis and Thrombophlebitis 
Phlegmasia alba dolens and migratory 


BLOOD VESSELS 


Capillary hemangioma 
Cavernous hemangioma 
Granuloma pyogenicum (granulation 
tissue_type hemangioma) 
Glomus tumor (glomangioma) 
Vascular ectasias (telangiectases) 
Nevus flammeus 
Spider telangiectasia 
Hereditary hemorrhagic telangiectasia 
(Osler-Weber-Rendu disease) 
Borderline Tumors 
Hemangioendothelioma 
Malignant Tumors 
Hemangiosarcoma (angiosarcoma) 
Hemangiopericytoma 
Kaposi’s sarcoma 
Tumors of Lymphatics 
Lymphangioma 
Lymphangiosarcoma 


Benign Tumors and Tumor-Like Conditions 


are disposed in fairly compact fenestrated layers sepa- 
rated by alternating layers of smooth muscle. Conden- 
sation of the elastic tissue at the outer limit of the media 
produces a poorly defined external elastic membrane. 
Since the elastic fibers are sensitive to injury, elastic 
tissue stains may reveal the first indications of abnor- 
mality. 

The tunica adventitia is a poorly defined layer of 
investing connective tissue in which elastic and nerve 
fibers and small, thin-walled nutrient vessels, the vasa 
vasorum, are dispersed. These nutrient vessels are 
derived from exiting arterial branches at points where 
they pass through the adventitia of the main vessel. In 
the aorta, vasa course back into the wall and can usually 
be identified in the outer third of the media. They 
ramify into minute, poorly defined channels but fail to 
enter the inner one-third of the media or the intima. 
Arterial walls in general are poorly vascularized. The 
inner layers depend largely on direct imbibition from 
the vessel lumen for their nutritional needs. 

Aging is accompanied by a continuous slow increase 
in the thickness of the intima. This diffuse intimal 
thickening is caused by the accumulation of smooth 
muscle-like cells (myointimal cells), surrounded by ex- 
tracellular matrix. 

The elastic content of the media of these large 
vessels provides great resilience, and their rebound 
following systole aids in the forward propulsion of the 
blood. In the aging process, the elastic fibers deteriorate 
and are replaced by fibrous tissue. With this loss of 
elasticity, these vessels expand less readily, particularly 
when blood pressure is increased. The loss of elasticity 
further predisposes to stretching and elongation and 
accounts for the progressive development of tortuosity 
in these arteries in the older age groups. 

In the muscular arteries of medium size, the three 
coats are well defined and are derived by gradual 
transition from the layers in the larger elastic arteries. 
The outer limit of the tunica intima is clearly defined 
by a compact, wavy internal elastic membrane. Nor- 


mally this membrane is a single discrete layer; occasion- 
ally, two layers may be present, but reduplication or 
fibrillation generally denotes an increased formation of 
elastic tissue incident to such abnormal stress as hyper- 
tension. The internal elastic lamina is not a continuous 
structure but is interrupted by fenestrae, through which 
medial smooth muscle cells may migrate into the intima. 

The tunica media is largely made up of circular or 
spiral smooth muscle cells arranged in concentric layers. 
Fine elastic fibers can be visualized only with elastic 
tissue stains or on electron microscopy. The outer limit 
of this coat is marked by a well-defined external elastic 
membrane that is usually somewhat less well developed 
and delineated than is the internal membrane (Fig. 12— 
1). The tunica adventitia resembles that in the large 
vessels but contains more abundant nerves, reflecting 
the role these vessels play in the autonomic regulation 
of blood flow. 

In small arteries there is progressive loss first of 
the external elastic membrane and then of the internal 
elastic membrane so that, at the prearteriole level, the 
definition between the three coats is virtually lost. The 
tunica adventitia is of relatively greater thickness in 
these small vessels and approximately equals that of the 
tunica media. As the vessels approach the order of 
arterioles, the wall comprises an endothelial lining based 
on a scant subendothelial connective tissue, a layer of 
muscular media, and an investment of collagenous ad- 
ventitia. The thickness of the wall is usually about equal 
to the diameter of the lumen of the vessel. The arterioles 
are richly supplied by nervous connections with the 
autonomic nervous system, and these vessels constitute 
the major site of autonomic control of vascular flow. In 
this role, the small arteries and the arterioles bear the 
brunt of elevations of blood pressure and respond to 
these abnormal stresses by marked alterations in their 
structure (to be detailed later). 

The differentiation of these three types of arteries 
is of considerable importance in pathology, since each 
class of vessel tends to have its own pattern of pathologic 
lesions. Thus, it will be shown that in the various types 
of arteriosclerosis, atheromatosis is most typical of the 
elastic and muscular arteries, medial calcific sclerosis 
occurs in the muscular arteries, and in the small arteries 
and arterioles arteriosclerosis takes the form of diffuse 
thickening of the vascular wall by proliferation of fibro- 
muscular tissue and hyalinization. 

Veins in general are thin-walled vessels with rela- 
tively large lumina. The three separable coats seen in 
the arteries are not well defined in the veins. The tunica 
intima is composed largely of an endothelial lining based 
on a scant connective tissue layer. Internal elastic mem- 
branes delimiting the outer extent of the tunica intima 
can be well identified only in the largest veins. The 
media is poorly developed, is prominent only in the 
largest veins, and at best is unevenly distributed and 
provides very inadequate support in the thinned-out 
areas. Veins are thus predisposed to abnormal irregular 
dilatation, compression, and easy penetration by tumors 
and inflammatory processes. Valves, essentially endo- 
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Figure 12-1. A normal muscular artery with clearly defined internal 
and external elastic membranes. 


thelial folds, are found in many veins, particularly those 
in the extremities. These valves break the column of 
blood and reduce the hydrodynamic load in the propul- 
sion of blood back toward the heart. 

The lymphatics are extremely thin-walled struc- 
tures, difficult to identify in tissue sections because of 
their tendency to collapse under ordinary tissue pres- 
sures. Clear identification depends on the recognition 
of thin-walled, endothelium-lined channels devoid of 
blood cells. The major lymphatics, however, possess a 
thin supporting muscular wall as well as valves. Histo- 
logically, therefore, it is sometimes difficult to distin- 
guish these major trunks from blood vessels. 

Although the major function of the lymphatics is as 
a protective drainage system, they also constitute an 
important pathway for the dissemination of disease by 
the conduction of bacteria and tumor cells to distant 
sites. The role that the lymphatics also play in the 
normal return of interstitial tissue fluid to the blood 
must not be overlooked and has been referred to 
previously (p. 61). Obstruction of these channels causes 
lymphedema. 

Vascular endothelium and smooth muscle, the 
main components of the vascular wall (Fig. 12-2), play 
important roles in all types of vascular pathology. Much 
has been learned about the properties of the cells in 
these tissues, and a few points will be highlighted here. 

The single layer of continuous endothelium lining 
arteries and veins forms the unique thromboresistant 
layer between blood and potentially thrombogenic sub- 
endothelial tissues. The integrity of endothelium is a 
fundamental requirement for maintenance of normal 
structure and function of the entire vessel wall. Besides 
inducing the obvious thrombotic phenomena, endo- 
thelial injury may be responsible, at least in part, for 
the initiation of atherosclerosis and the vascular lesions 
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from smooth muscle layer (SM) by a thin elastica (ET)—unstained. Note peripheral bands in smooth 
muscle cells (arrows) and prominent external basement membrane (B). L = lumen; H = perivascular 
fibroblast. 


of hypertension. Ultrastructurally, arterial endothelium 
resembles other continuous endothelia in its content of 
organelles and its rich supply of pinocytotic vesicles 
(Fig. 12-2). In addition, it contains unique, rod-shaped 
cytoplasmic organelles of unknown function (the Weibel- 
Palade bodies), which serve as specific markers for 
endothelium.? Like other endothelia, normal arterial 
endothelium is a semipermeable membrane, controlling 
the transfer of small and large molecules into the arterial 
wall.° It transports relatively slight amounts of proteins 
(e.g., horseradish peroxidase, ferritin, and low-density 
lipoprotein [LDL]) through pinocytotic vesicles. In most 
arterial regions, the intercellular junctions are normally 
impermeable to such molecules, but intercellular junc- 
tions are relatively labile structures that may widen 
under the influence of hemodynamic factors (such as 
high blood pressure) and possibly of vasoactive agents.* 

Vascular endothelium is a biochemically versatile 
tissue capable of many synthetic and metabolic functions 
(Table 12-1). For example, endothelial cells produce 
prostaglandins (particularly PGI,), the procoagulant fac- 
tor VIII (antihemophilic factor), specific types of collagen 
(III, IV), plasminogen activator, and heparin-like surface 
proteoglycans. Further, endothelial cells appear to pos- 


sess receptors for such powerful vasoactive agents as 
angiotensin II and for hormones such as insulin. As 
mentioned earlier, endothelial cells can also actively 
contract. Thus, this thin cell, hardly visible in routine 
histologic sections, is not a simple passive membrane, 
as previously thought, but an active participant in the 
interaction between blood and tissues.*’ 

With regard to vascular smooth muscle cells, recent 
work has shown these to be capable of a great many 


Table 12-1. PROPERTIES OF VASCULAR ENDOTHELIUM 


Permeability barrier 
Antiplatelet and anticoagulant 
Prostacyclin (PGI.) 
Plasminogen activator 
Heparin/heparan sulfate 
Procoagulant 
Von Willebrand factor (factor VIll—antigen) 
Metabolism of vasoactive mediators 
Bradykinin degradation 
Angiotensin converting enzyme 
Arachidonic acid metabolism (PGI,) 
Extracellular matrix production 
Collagen, elastin, proteoglycans, fibronectin, laminin 
Immunologically relevant antigens 
ABO; HLA-ABC; HLA-DR 


functions.® In addition to their already established role 
in vasoconstriction and dilatation, smooth muscle cells 
are capable of synthesizing various types of collagen, 
elastin, and the proteoglycans of the extracellular space. 
As we shall see, these cells rather than fibroblasts are 
responsible for the intimal collagenization in atheroscle- 
rosis. They can also migrate and proliferate, and both 
these processes appear to be fundamental to the reaction 
of the vessel wall to injury. Like fibroblasts, smooth 
muscle cells also have receptors for low-density lipopro- 
tein as well as the complement of enzymes that regulate 
intracellular cholesterol metabolism (p. 514). Finally, 
although not normally phagocytic, these cells can be 
stimulated to perform pinocytosis and phagocytosis and 
to develop a variety of hydrolytic enzymes, processes 
that may be important in lipid accumulation in the 
vessel wall during atherosclerosis. 


PATHOLOGY 


Although vessels are secondarily affected by lesions 
in adjacent structures, primary vascular disease is the 
major concern of this chapter. In general, all types of 
vascular diseases are significant because they may (1) 
weaken the walls of vessels and lead to dilatation or 
rupture, (2) narrow the lumina of vessels and produce 
ischemia, or (3) damage the endothelial lining and 
provoke intravascular thrombosis. 

The most important primary vascular diseases affect 
the arteries and, of these, the most prevalent and 
clinically significant is atherosclerosis. In the course of 
time, this disorder affects virtually every individual to 
some degree. The other arterial diseases are very much 
less common but, in the individual instance, may be 
responsible for considerable disability and even death. 
Certain of the venous disorders, such as varicose veins, 
are also very commonly encountered in clinical practice, 
in a frequency that almost approaches that of athero- 
sclerosis. In general, however, these diseases of veins 
are more noteworthy for the disability they produce 
than for their importance as causes of death, but this 
should not imply that venous diseases are unimportant. 
Many are disabling to the point of crippling, and certain 
disorders, such as phlebothrombosis, may lead to death 
by embolism. Diseases of arteries, veins, and lymphatics 
will be discussed separately. Tumors of these vessels, 
however, will be considered as a group, since these 
neoplasms are for the most part quite similar clinically 
and anatomically, irrespective of their origin in an 
artery, vein, or lymphatic. 


ARTERIES 
CONGENITAL ANOMALIES 


It is surprising that the development of the far- 
flung complicated branching and anastomosing system 
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of blood vessels and lymphatics results so consistently 
in a fairly standard or normal anatomic pattern. It is, 
therefore, not surprising that many aberrations from the 
classic pattern may be found. Most of the anomalies in 
the course and distribution of arteries are of importance 
only in surgical operative technique, in which recogni- 
tion of the deviation is important to the surgical dissec- 
tion. Occasionally, however, these minor anomalies 
have a greater significance in potentiating or even 
preventing disease. For example, a double renal arterial 
supply may prevent infarction of a kidney when one of 
the vessels is occluded by a thrombus or embolus. On 
the other hand, by crossing anterior to the ureter, the 
aberrant renal vessel may compress the ureter, obstruct 
the outflow of urine, and eventually cause serious renal 
disease (hydronephrosis). In a somewhat analogous fash- 
ion, maldevelopment of a major coronary branch may 
predispose the myocardium to infarction. Among these 
diverse vascular anomalies, two merit consideration, the 
developmental or berry aneurysm, and arteriovenous 
fistulas or aneurysms. Berry aneurysms involve cerebral 
vessels only and are discussed in Chapter 29. 


Arteriosclerosis 


ARTERIOVENOUS FISTULA OR ANEURYSM 


Abnormal communications between arteries and 
veins may arise as developmental defects, from rupture 
of an arterial aneurysm into the adjacent vein, from 
penetrating injuries that pierce the wall of artery and 
vein and produce an artificial communication, and from 
inflammatory necrosis of adjacent vessels. The commu- 
nication, therefore, is in only certain instances devel- 
opmental in origin. The connection between artery and 
vein may consist of a well-formed vessel or a vascular 
channel formed by the canalization of a thrombus, or 
may be mediated through an aneurysmal sac. Such 
lesions are extremely rare and are usually small. They 
are of some clinical significance, since they short-circuit 
blood from the arterial to the venous side and throw an 
increased burden upon the right side of the heart, 
predisposing to cardiac failure. Sometimes the very 
tortuous mass of vessels that presumably represents an 
arteriovenous aneurysm is designated as a cirsoid aneu- 
rysm. 


ARTERIOSCLEROSIS 


Arteriosclerosis literally means “hardening of the 
arteries, but more accurately it refers to a group of 
disorders that have in common thickening and loss of 
elasticity of arterial walls. Three distinctive morphologic 
variants are included within the term arteriosclerosis: 
atherosclerosis, characterized by the formation of ath- 
eromas (fibrofatty intimal plaques); Ménckeberg’s medial 
calcific sclerosis, characterized by calcification of the 
media of muscular arteries; and arteriolosclerosis, 
marked by proliferative or hyaline thickening of the 
walls of small arteries and arterioles. These three forms 
are relatively easily distinguished by their morphologic 
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appearance. More than one pattern can be identified in 
the same individual in different vessels or even in the 
same vessel. In particular, atherosclerosis and Moéncke- 
berg’s medial sclerosis often occur together, in the 
arteries of the legs of aged individuals. Because athero- 
sclerosis is by far the most common and important form 
of arteriosclerosis, the terms are generally used inter- 
changeably unless otherwise specified. 


ATHEROSCLEROSIS (AS) 


Among the diseases in the Western world, athero- 
sclerosis is overwhelmingly in first place. Global in 
distribution, it has reached alarming epidemic propor- 
tions in economically developed societies. Although any 
artery may be affected, the aorta and the coronary and 
cerebral systems are the prime targets, and so myocar- 
dial infarcts (heart attacks) and cerebral infarcts 
(strokes) are the two major consequences of this disease. 
Myocardial infarcts (MIs) alone account for 20 to 25% 
of all deaths in the United States, almost entirely 
attributable to AS. This vascular disorder also causes a 
variety of other less calamitous events that add to its 
toll, including chronic ischemic heart disease, gangrene 
of the legs, mesenteric occlusion, and ischemic enceph- 
alopathy. At present, about 50% of all deaths in the 
U.S. are attributed to arteriosclerosis-related diseases. 
Its variable severity among nations, individuals, and 
social and ethnic groups is evidence that AS is not an 
inevitable consequence of life. An understanding of why 
some individuals have only mild disease while others 
are severely affected and discovery of the cause of this 
rampant disorder are two of the most urgently sought 
goals of medical research today. 

DEFINITION. Atherosclerosis is a disease of large and 
medium-sized muscular arteries (e.g., coronary, carotid, 
arteries of the lower extremities) and the large elastic 
arteries, such as the aorta and iliac vessels. The basic 
lesion—the atheroma or fibrofatty plaque—consists of 
a raised focal plaque within the intima, having a core 
of lipid (mainly cholesterol, usually complexed to pro- 
teins, and cholesterol esters) and a covering fibrous cap. 
These atheromas are sparsely distributed at first, but as 
the disease advances they become more and more 
numerous and sometimes literally cover the entire in- 
timal surface of severely affected arteries. As the plaques 
increase in size, they progressively encroach on the 
lumen of the artery as well as on the subjacent media. 
Consequently, atheromas compromise arterial blood 
flow and weaken affected arteries, sometimes resulting 
in aneurysms. Many eventually undergo a variety of 
complications, e.g., calcification, ulceration, thrombus 
formation, and aneurysmal dilatation (p. 511). In the 
progression of this vascular disease, no symptoms may 
be produced for 20 to 40 years or longer and, unless 
the lesions precipitate clinical manifestations by virtue 
of organ injury, they may remain undiscovered until 
postmortem examination. In the absence of such organ 
injury, AS can be recognized during life only by angiog- 


raphy or, in some cases, by radiologic visualization of 
the deposits of calcium in the advanced atheromas. 

EPIDEMIOLOGY AND INCIDENCE. Much attention has 
been paid to the epidemiology and incidence of AS 
because the variable occurrence and severity of this 
disease among individuals and groups may provide 
important clues to its pathogenesis. Epidemiologic data 
are largely expressed in terms of ischemic heart disease 
(IHD), also called coronary heart disease (CHD), since 
the arterial lesions of AS remain silent until they provoke 
morbidity or mortality from symptomatic “atheroscle- 
rotic events.” Indeed, most statistical data on AS com- 
pare the number of deaths caused by coronary heart 
disease. It must be stressed that this is not an entirely 
accurate reflection of AS, since other complex factors 
contribute to death (especially sudden death) after myo- 
cardial infarction (p. 565). 

Death rates from cardiovascular disease (heart, 
brain, kidneys) in the United States rose from 14% of 
all deaths in 1937 to 54% in 1968, almost all cases being 
related to AS. The enormous increase over the span of 
30 years amply justifies the term epidemic, but happily 
the rates appeared to plateau in the late 1960s, and in 
1975, for the first time, showed a statistically significant 
decline. From 1968 to 1978, the reduction in IHD 
mortality averaged about 27% overall for persons 36 to 
74 years of age (Fig. 12-3).° As we shall see, some 
believe that this downward trend in IHD mortality may 
be related to the average decrease in serum cholesterol 
levels in the general population, probably related to 
changing diets. 
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Nevertheless, the death rate from IHD in the 
United States is still among the highest in the world, 
lower than Finland and Scotland, but above that of 
other well-developed affluent countries such as Canada, 
France, Germany, and the Scandinavian countries. Con- 
versely, the rates are remarkably lower in Asia (includ- 
ing Japan, China, India, and much of Southeast Asia), 
the Near and Middle East, Africa, and South and 
Central America. For men between the ages of 35 and 
64, for example, the death rate in Japan is about one- 
sixth that in the U.S. Japanese who migrate to the U.S. 
and adopt the life style and diet of their new home 
acquire the predisposition to AS evident in the resident 
American population. There is thus a strong impression 
that differences in diet, life style, and personal habits 
may be important in the pathogenesis and progression 
of this disease. Nevertheless, epidemiologic studies have 
not shown the reasons for differences between cultures 
that appear to be at least superficially similar. For 
example, why is the mortality rate from IHD for North 
American men under age 55 higher than that of Swedes 
of the same age group? Genetic factors may explain such 
differences, but no clear-cut patterns have emerged. 

Risk Factors. Epidemiologic studies indicate that 
certain genetic or acquired factors increase the risk of 
AS. Some of these, such as age, sex, and familial 
predisposition, are alas the irreversible companions of 
our lives, but others are clearly or potentially reversible. 

Age has a dominant influence on the development 
of clinically significant AS. Clinically overt AS, as evi- 
denced by death rates from ischemic heart disease, rises 
with each decade even up to age 85, although death 
due to acute myocardial infarction seems to decline 
slightly after age 75. There is of course a close relation- 
ship between age and the severity of AS." Interestingly, 
despite the fact that clinically overt AS is a disease of 
aging, fatty deposits—termed fatty streaks—are present 
in the aorta in all infants by the age of 1 year and begin 
to appear in the coronary arteries at age 10. However, 
as will be discussed, there is doubt whether the fatty 
streak is the universal precursor of the atheromatous 
plaque. 

There are striking sex differences in the incidence 
and severity of AS.'* Death rates from IHD are signifi- 
cantly higher in males until age 75 to 85 when the 
incidences approach equality. Significantly, myocardial 
infarction is uncommon in premenopausal women, and 
in the age group of 35 to 55 the mortality rate of white 
males is over five times that of white females. Naturally, 
other risk factors influence the relative risk of IHD in 
females; the rate is increased in women with a history 
of heavy smoking, prolonged oral contraceptive intake, 
or diabetes. 

Some families suffer an increased frequency of heart 
attacks at an early age (so-called premature), presumably 
indicating familial predisposition. This may represent 
the clustering of other risk factors within families rather 
than a unique genetic predisposition. In particular, 
hyperlipidemia (genetic or diet-induced), hypertension, 
and diabetes all tend to be familial. Nevertheless, there 
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are families with high attack rates of IHD in which none 
of the known risk factors appears to operate but the 
determinants of such susceptibility are unclear. !24 

Granted that residency in certain affluent areas of 
the world, increasing age, and sex define the population 
at risk, not all members of this population develop 
clinically apparent AS. Other significant “risk factors” 
that predispose to AS and IHD have been identified by 
means of a number of prospective studies in well-defined 
population groups, such as the famed Framingham 
(Massachusetts) Study.'* Of the various risk factors, 
four are considered of prime importance: (1) hyperlip- 
idemia, (2) hypertension, (3) cigarette smoking, and (4) 
diabetes. Of these, the first three are the principal 
culprits. 

HYPERLIPIDEMIA AND DieT. The evidence is overwhelm- 
ing that hyperlipidemia is associated with an increased 
incidence of premature IHD. Here we shall review 
some of the epidemiologic evidence. The relationship 
between lipid metabolism and AS is discussed later (p. 
513). 

With few exceptions, populations having relatively 
high levels of cholesterol have higher mortality from 
IHD. The Framingham study showed that in men and 
women 35 to 44 years of age, serum cholesterol levels 
of 265 mg/100 ml or over are associated with a five 
times higher risk of developing coronary artery disease 
than are levels below 220 mg/100 ml. The most striking 
association is with elevated levels of low-density lipo- 
protein (LDL), the lipoprotein moiety richest in choles- 
terol, but hypertriglyceridemia with increased concen- 
trations of very-low-density lipoprotein (VLDL) also 
appears to increase risk. In contrast, serum levels of 
high-density lipoprotein (HDL) are inversely related to 
risk: the higher the level, the lower the risk. !*'° 

Hyperlipidemia may be secondary to some well- 
known causes such as nephrotic syndrome (p. 1011) or 
hypothyroidism (p. 1204), or may be the direct conse- 
quence of a single gene defect, as in the familial 
hypercholesterolemias discussed earlier (p. 140). Com- 
plex inheritance factors may also predispose to hyper- 
cholesterolemia in some patients. Nevertheless the level 
of plasma cholestero] is measurably influenced by the 
dietary intake of total calories of cholesterol, saturated 
fat, and polyunsaturated fat, i.e., by dietary habits. 
Further, although there are skeptics,'’ it is thought that 
there is a direct relationship between diet, hyperlipi- 
demia, and the development of coronary heart disease. 
The evidence linking these three events can be sum- 
marized as follows:'® 

1. Dietary cholesterol intake from 0 to 600 mg per 
day is closely related to plasma cholesterol levels, and 
dietary saturated fatty acids elevate plasma cholesterol 
levels, whereas polyunsaturated fatty acids reduce them. 

2. Low-cholesterol, low-saturated-fat, polyunsatur- 
ate-rich therapeutic diets reproducibly lower plasma 
cholesterol levels up to 10 to 20%. 

3. Populations with sharply lowered dietary cho- 
lesterol and saturated fatty intake have lower plasma 
cholesterol levels and reduced IHD. 
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4. Immigrants from populations having low plasma 
cholesterol to ones in which it is high develop choles- 
terol levels comparable with their host populations. As 
mentioned above, in Japanese emigrés the gradient for 
the crucial three variables (saturated fat, blood lipids, 
and IHD) increases from indigenous Japanese to emi- 
grant Japanese to native Caucasians. 

5. Animal studies, particularly in subhuman pri- 
mates, reveal an unequivocal relationship between di- 
etary cholesterol or saturated fat, plasma cholesterol 
levels, and AS.'% 

6. Partly as a result of campaigns by many organi- 
zations, principally the American Heart Association, 
cholesterol intake in the American population has de- 
clined since 1970, and the polyunsaturated/saturated 
ratio in dietary fat has increased. Concurrently, there 
was a definite lowering trend in serum cholesterol levels 
of adult Americans, and a significant downward trend 
(27%) in IHD mortality occurred among persons 36 to 
74 years of age.” 

There are always, of course, two sides to the coin."’ 
The opposing view is that the data summarized above 
are at most only circumstantial evidence; that recent 
prospective intervention studies have failed to demon- 
strate statistically significant associations between diet 
and IHD risk; that the reduced mortality from IHD 
may be due to reduced cigarette smoking or other risk 
factors; that dietary modification (polyunsaturate-rich 
diets) may not be safe; and that the preoccupation with 
diet has hampered the study of genetic factors and the 
effects of exercise, life habits, and so on. 

HYPERTENSION. Elevated blood pressure unequivo- 
cally accelerates atherogenesis and increases the inci- 
dence of IHD and cerebral vascular disease.*? The 
higher the blood pressure, the greater the risk. In the 
Framingham study, the incidence of IHD in men aged 
45 to 62 with blood pressures exceeding 160/95 was 
more than five times that in normotensive men (BP 140/ 
90 or less). Diastolic hypertension is the more important 
correlate. The risk of IHD in individuals with diastolic 
pressures greater than 105 mm Hg is four times that of 
individuals with pressures 84 mm Hg or less.”' After 
age 45, the scales tip toward hypertension as a greater 
risk factor than hypercholesterolemia. Antihypertensive 
therapy reduces the incidence of strokes, and possibly 
also of IHD. 

CIGARETTE SMOKING. There is a clear-cut association 
between cigarette smoking and susceptibility to IHD. 
In men who smoke one or more packs of cigarettes per 
day, the death rate from IHD is 70 to 200% higher than 
that for nonsmokers, and the risk is particularly signifi- 
cant in younger men. At autopsy, the degree of aortic 
and coronary AS is greater in smokers than in nonsmok- 
ers. The main influence of smoking appears to be on 
the incidence of sudden death. Cessation of cigarette 
smoking in high-risk men is followed by a reduction in 
the risk of dying from IHD,” although it may require 
10 to 20 years for the risk to equal that of nonsmokers. 
The declining death rate from IHD in the recent past 
may be related, at least in part, to the 25% decrease in 


cigarette smoking among men. A major unresolved 
problem is smoking among teen-agers, especially the 
increase among teen-age girls. 

DiaBetes. Diabetes is associated with an increase in 
AS observed at autopsy, a twofold increase in incidence 
of myocardial infarction in diabetics as compared with 
nondiabetics, an increased tendency toward cerebral 
thrombosis and infarction, and an eight- to 150-fold 
increased frequency of gangrene of the lower extremi- 
ties. Although the problem of assessing the contribution 
of AS per se to risk is complicated by the widespread 
presence of microvascular changes in the diabetic state, 
the main factor appears to be AS. 

OTHER RISK FACTORS. A host of other influences, 
sometimes called “soft risk factors,” have been identi- 
fied that increase the severity of AS,”° but the data are 
less definitive than for the major risk factors cited above. 
Evidence for a role of physical activity in protecting 
against fatal ischemic heart disease and possibly coronary 
atherosclerosis is increasing.* ?? In the Framingham 
study, the most sedentary men (about 15% of the 
participating males) had about three times the risk of 
the 15% most active physically.'> Some studies have 
shown that vigorous activity (e.g., in longshoremen and 
transport workers) is associated with a lower risk of 
IHD. Physically active groups have elevated levels of 
serum HDL, which may protect from the development 
of AS. Physical activity also causes increases in heart 
volume and mass, increased cardiac capillary vascularity, 
and a decrease in heart rate—all of which may protect 
from the effects of ischemic damage. 

Obesity is correlated with an increased risk of dying 
from the clinical complications of AS, since obese indi- 
viduals tend to have more severe hyperlipidemia, hy- 
pertension, and diabetes mellitus. The Framingham 
study, however, suggests that obesity is a risk factor 
independent of such associations. 

The role of stress and behavior patterns is now 
receiving considerable attention. Although it is common 
belief that stressful life events are related to the risk of 
coronary disease, the statistical evidence has only re- 
cently become available.** Several epidemiologic studies 
suggest that men with Type A behavior patterns (char- 
acterized by competitiveness, impatience, and hostility) 
have a higher rate of CHD than men judged to be of 
the less competitive behavior pattern, Type B.*? How- 
ever, the specific coronary-prone behavior profiles and 
the physiologic mechanisms linking behavior to CHD 
are unclear. 

Each of the major risk factors noted earlier contrib- 
utes individually to the possible development of clini- 
cally significant AS, but multiple factors exert more than 
an additive effect. In the Framingham study, for ex- 
ample, when three risk factors were present (hyperlip- 
idemia, hypertension, and smoking), the rate of heart 
attacks was seven times greater than when there were 
none; when two risk factors were present, the risk was 
increased fourfold; and with one risk factor, the increase 
was twofold. These relationships are shown in Figure 
12-4, However, none of these factors is either necessary 
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Figure 12—4. Graph of added risks. Probability of developing coro- 

nary heart disease in eight years according to age, sex, and risk 

category (The Framingham Heart Study). (From Braunwald, E. (ed.): 

Heart Disease. A Textbook of Cardiovascular Medicine. Philadel- 

phia, W. B. Saunders Co., 1984, p. 1209.) 


or sufficient for the development of AS, and some 
cardiac patients have no obvious risk factor. Thus, the 
etiology and pathogenesis of AS remain subjects of lively 
speculation and controversy. Before we delve into path- 
ogenesis it is desirable to understand the morphology 
of the lesions. 


MORPHOLOGY. Descriptions of the morphology of ath- 
erosclerosis have been confounded by the heterogeneity of 


Figure 12-5. Close-up of atheromatous plaques 
as seen from luminal surface of aorta (x 2.5). 
(From Benditt, E. P.: The origin of atherosclerosis. 
Sci. Am. 236:74, 1977. Copyright © 1977 by Sci- 
entific American, Inc. All rights reserved.) 
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the histologic lesions present, and the difficulty in assessing 
the relationship of one lesion to the other. Despite this, two 
well-accepted lesions can be described"? 7°27: (1) the ath- 
eromatous plaque, which is by far the most important 
lesion, being the principal cause of arterial narrowing in 
adults, and (2) the fatty streak, which is present universally 
in children, even in the first year of life, and is important 
mainly as a possible precursor of the atheromatous plaque. 

The Atheromatous Plaque. This is the fundamental 
lesion of AS, also called the fibrous, fibrofatty, lipid, or 
fibrolipid plaque. Plaques are white to whitish-yellow in 
appearance, protrude into the lumen of the artery, and vary 
in size from 0.3 to 1.5 cm in diameter, but they sometimes 
coalesce to form larger masses (Figs. 12-5 and 12-6). On 
section, the luminal surface tends to be firm and white and 
the deep portions yellow, whitish-yellow, and soft. The center 
of larger plaques may exude a yellow, grumous fluid, from 
which the name atheroma—the Greek word for gruel—is 
derived. The distribution of atherosclerotic plaques in 
humans tends to be quite constant and differs from the 
distribution of fatty streaks. The abdominal aorta is much 
more involved than the thoracic aorta, and aortic lesions 
tend to be much more prominent around the ostia of its 
major branches. In descending order (after the lower abdom- 
inal aorta), the most heavily involved vessels are the coro- 
nary arteries (usually within the first 6 cm), the popliteal 
arteries, the descending thoracic aorta, the internal carotids, 
and the vessels of the circle of Willis. Vessels of the upper 
extremities are usually spared, as are mesenteric arteries 
and renal arteries, except at their ostia. 

Histologically, the plaques are localized to the in- 
tima and consist of (1) increased numbers of lipid-laden 
intimal smooth muscle cells and macrophages; (2) an 
accumulation of connective tissue including collagen, 
elastic fibers, and proteoglycans; and (3) intracellular 
and extracellular lipid deposits (Fig. 12-7). These occur 
in varying proportions in different plaques, giving rise to a 
spectrum of lesions. Typically, the plaques are composed of 
a superficial part (the fibrous cap), made up of collagen in 
which there are variable numbers of smooth muscle cells, 
and a deeper or central part in which there is a disorganized 
mass of lipid material, cholesterol clefts, and cellular debris, 
and variable amounts of fibrin and other plasma proteins 
(Fig. 12-8). The lipid is primarily cholesterol and cholestery| 
ester. The lipid-laden cells assume the appearance of “foam 
cells.” Current studies indicate that such foam cells consist 
of lipid-filled smooth muscle cells as well as blood-derived 
macrophages.?’*° Cells within the plaque and in the deeper 
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Figure 12-6. A, Atherosclerosis. Early stage with widely scattered, barely elevated intimal plaques. 
B, More extensive lesions. 
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Figure 12-8. Atheromatous plaque. F = fibrous 
cap; C = central lipid core with typical cholesterol 
clefts. (Courtesy of Dr. C. Haudenschild, Boston 
University Medical Center.) 


deposits are also surrounded by extracellular material con- 
sisting of proteoglycans, elastic fibers, collagen, and cell 
debris. Variations in the histology of plaques involve the 
relative numbers of smooth muscle cells, the amount of 
collagen and extracellular matrix, and especially the lipid 
content. The most typical atheromas contain rather abundant 
lipid. Nevertheless, many plaques are composed mostly 
of smooth muscle cells and fibrous tissue (Fig. 12-9), 
and coronary artery lesions are often largely fibrous.*" Inflam- 
matory cells, including neutrophils and lymphocytes, are 
sometimes present. Vascularization of margins of the lesions 
may develop. In advanced AS, progressive fibrosis may 
convert the fatty atheroma to a fibrous scar. 

Fully developed atheromatous plaques may undergo a 


series of changes that result in so-called “‘complicated 
plaques”’: 
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Figure 12-9. Largely fibrous atheromatous plaque narrowing the 


coronary artery. Compare with plaque in Figure 12-8, which has a 
lipid core. 


Arteriosclerosis 


514 


1. Almost always, atheromas in advanced disease 
undergo patchy or massive calcification. In severe ather- 
osclerotic disease, arteries may be converted to virtual pipe 
stems, and the aorta may assume an eggshell brittleness. 

2. Ulceration of the luminal surface and rupture of the 
atheromatous plaques may result in discharge of the debris 
into the bloodstream, producing microemboli (cholesterol 
emboli). 

3. Superimposed thrombosis, the most feared compli- 
cation, may occur on fissured or more often ulcerated 
lesions. Thrombi may either occlude the lumen or become 
incorporated within the intimal plaque (Fig. 12-10). 
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Fiqure 12-10. Mural thrombosis on underlying atherosclerosis. 
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4. Hemorrhage into the plaque may occur, especially 
in the coronary arteries, from rupture of either the overlying 
endothelium or the thin-walled capillaries that vascularize 
the plaque. The resulting hematoma may remain localized 
within the intima or rupture into the lumen. Phagocytosis of 
this extravasated blood leads to the hemosiderin-laden mac- 
rophages frequently observed in plaques. 

5. Although atherosclerosis is basically an intimal dis- 
ease, in severe cases the underlying media undergoes 
considerable pressure atrophy and loss of elastic tissue, 
causing sufficient weakness to permit aneurysmal dilata- 
tion. This process is discussed more fully on page 530. 

Although AS is a universal disease, “complicated le- 
sions” are seen only in individuals with extremely advanced 
disease. In predisposed individuals and populations, the 
entire abdominal aorta may become virtually “one continu- 
ous, complicated lesion.” The thoracic aorta, including the 
arch, is usually less severely affected and, remarkably, in 
the absence of intercurrent syphilitic aortitis, the root of the 
aorta (the first 4 to 6 cm) is almost always totally spared, 
even in those with advanced abdominal aortic disease. 
Although any form of atheromatosis is serious, it is the 
“complicated lesion,” in particular superimposed 
thrombosis, that gives this disease its grave clinical 
significance. 

The Fatty Streak. Fatty streaks are important not be- 
cause of any disturbance in blood flow that they may cause, 
but because they may—only may—be the precursors of the 
more ominous atheromatous plaques. The lesions begin as 
multiple yellow spots less than 1 mm in diameter and grow 
into elongated streaks, still no more than 1 to 2 mm wide 
but up to 1 cm long or even longer. They are usually flat or, 
if elevated, no more than 1 mm above the intimal surface. 
They may be very hard to see macroscopically but can be 
stained with Sudan IV, which colors the lesion bright orange. 
The fatty streak has a rather characteristic histologic ap- 
pearance, and its hallmark is lipid deposition in the intima 
(Fig. 12-11). It is made up of a variable number of cells, 
some of which are elongated smooth muscle cells filled with 
intracytoplasmic lipid droplets while others are large and 
ovoid, and almost certainly blood-derived macrophages. 
Lipid is also present extracellularly, and proteoglycans, col- 
lagen, and elastic fibers are present in variable amounts. 

Fatty streaks appear in the aortas of all children 
older than one year, regardless of geography, race, sex, 
or environment. They may be present at birth. At this early 
age, the lesions are localized to the thoracic aorta and, in 
particular, in the aortic valve ring region and the area of the 
ductus arteriosus scar-—locations that are rarely involved 
by atheromas in adults. Fatty streaks also occur around 
the ostia of the costal, lumbar, and abdominal branches. 
The extent of aortic intimal surface covered by fatty streaks 
increases with age from about 10% in the first decade to 30 
to 50% in the third decade. They subsequently decrease in 
number as atheromatous plaques begin to predominate. 
Coronary artery fatty streaking is first observed at about 10 
years of age in all populations. Of interest is that streaks 
in the coronary artery are most abundant in the proximal 
segment of the left coronary artery, about 2 cm distal to 
the left coronary ostium, a location that does correspond 
to the sites of the atheromatous plaques that develop 
later.°? 


Now we can return to the unresolved question of 
whether the fatty streak is the early or precursor form 
of the important fibrous plaque. In support of this 
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Figure 12-11. Fatty streak—a subintimal collection of foam cells or 
lipophages. 


theory, one can cite first the basic resemblance between 
the histologic features of both conditions, at least at a 
superficial level: both involve the intima, are character- 
ized by lipid deposition, and exhibit smooth muscle 
cells within the lesion. Second, in the coronary arteries 
(in contrast to the aorta), fatty streaks and atheromatous 
plaques occur in the same locations in the proximal 
segments. Third, experimental data suggest that lesions 
similar to human fatty streaks may progress to become 
fibrolipid plaques.* Opposing evidence includes the 
fact that fatty streaks occur first in the thoracic aorta, 
while atheromatous plaques develop in the abdominal 
aorta. More important, aortic fatty streaks are as prev- 
alent and extensive in those geographic areas where the 
extent of advanced atherosclerosis is relatively low®™ as 
in those where there is a strong predisposition to AS, 
suggesting that human aortic fatty streaks are reversible 
and may be unrelated to atheromas. Although evidence 
for regression in humans is equivocal, regression has 
been accomplished in primates by converting from a 
high- to a low-cholesterol diet.* Finally, there are some 
differences in the chemical composition of the two 
lesions, particularly with regard to fatty acids, lipopro- 
tein, residual cholesterol, and fibrinogen.” 

It appears, then, that fatty streaks are of universal 
occurrence and distribution, and most, especially those 
in the aorta, either disappear or remain harmless. In 
certain locations (e.g., in coronary arteries) and espe- 
cially in the predisposed individual, these streaks may 
conceivably evolve into fibrous plaques, but the issue is 
still unsettled.® 


There are other lesions described under different 
names that should be briefly mentioned. A structure referred 


to as the “intimal cushion,” intimal pad, musculoelastic 
plaque, or mucoid fibromuscular plaque represents small 
areas of white thickening at the site of arterial forks or ostia 
of branch vessels. Microscopically, the thickening is due to 
accumulation of smooth muscle cells and extracellular matrix 
in the intima, small but variable amounts of collagen, and 
virtually no lipid. When diffuse, some authors refer to this 
lesion as diffuse intimal thickening.*” There are some who 
believe that intimal thickening is a normal response to 
hemodynamic stress, and others who consider it a stage in 
the evolution of AS. Similarly, so-called gelatinous lesions”’ 
are characterized by loosely packed, thick, linear collagen 
bundles that sometimes lie between sparse smooth muscle 
cells, within abundant pools of plasma insudate. They con- 
tain large amounts of LDL and fibrinogen, with little residual 
cholesterol, in contrast to the fatty streaks and plaques. 
They have been implicated in plaque growth but have not 
yet been studied sufficiently.*° 


Having discussed the range of atheromatous le- 
sions, we should stress again that the most important 
lesion in terms of its pathologic consequence is the 
atheromatous plaque, in particular the complicated 
plaque. In the capacious aorta, the important compli- 
cations of these plaques are large mural thrombi that 
may dislodge and yield peripheral embolism, aneurys- 
mal dilatation due to impingement of the atheromatous 
plaques on the media, or rupture of cholesterol emboli 
into the bloodstream. Occlusion of the lumen of the 
aorta is unusual, since a rapidly moving bloodstream in 
the center usually prevents massive thrombi. However, 
in smaller arteries, particularly those in the brain and 
heart, the narrowing by atheromatous plaques, espe- 
cially if accompanied by thrombosis or hemorrhage, will 
lead to occlusion and may be the ultimate event causing 
strokes and myocardial infarction. 

PATHOGENESIS. The search for the etiology and 
pathogenesis of AS, as for those of cancer, has become 
an insistent “golden grail.” The subject has tantalized 
investigators from the days of Virchow. Here we shall 
present only an overview of the various proposals con- 
cerning the pathogenesis of AS. For more detailed 
information, reference should be made to various sub- 
ject reviews or books.® !% 994° 

Any concept of the pathogenesis of AS should 
account for (1) the role of the important risk factors, 
particularly hyperlipidemia; (2) the focal nature of the 
lesions and their localization in the intima; (3) the 
presence of lipid in most lesions; and (4) the mechanisms 
of smooth muscle proliferation, which appears to be a 
fundamental and early event in the development of AS. 

No single theory copes adequately with all these 
observations. Historically, two hypotheses were domi- 
nant until recently. The first, originally termed “the 
imbibition hypothesis” by Virchow in 1856, held that 
cellular proliferation in the intima was a form of “low- 
grade inflammation’ as a reaction to increased filtration 
of plasma proteins and lipids from the blood. Over the 
years, this concept has undergone modification to be- 
come the so-called “lipid,” “insudation, ” or “infiltration” 
hypothesis. As we shall see later, this proposal has been 
incorporated in the more modern “reaction to injury 
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hypothesis dominant today. The second or “encrustation 
theory, often ascribed to Rokitansky, postulated that 
small thrombi composed of platelets, fibrin, and leuko- 
cytes collected over foci of endothelial injury and that 
the organization of such thrombi and their gradual 
growth resulted in plaque formation.* Few now believe 
that thrombus encrustation is the sole determinant of 
AS, but parts of this theory still prevail, i.e., it is 
thought that endothelial injury, with associated platelet 
deposition, plays a role in the genesis of the atheroma- 
tous plaque. We will first review some aspects of lipid 
metabolism that are particularly relevant to AS and then 
present some current theories of pathogenesis. 

Role of Lipids in Atherosclerosis. Evidence that 
lipids play an important role in AS has been reviewed 
previously and can be summarized as follows: 

1. Full-blown AS can be produced in almost all 
species of experimental animals by feeding them diets 
that raise the plasma cholesterol level. 

2. Symptomatic AS develops infrequently in man, 
even in the face of other predisposing factors, unless 
the mean plasma cholesterol exceeds about 160 mg/dl. 

3. The probability of the development of myocar- 
dial infarction increases in proportion to the plasma 
cholesterol level. 

4. Genetic disorders that cause elevated plasma 
cholesterol levels, such as familial hypercholesterolemia 
(p. 140) or cholesteryl ester storage disease, produce 
fatal AS in childhood despite the lack of any other 
contributing factors such as hypertension, smoking, or 
diabetes mellitus. *’ 

5. Although trauma to the intima (such as denu- 
dation of the endothelial lining) causes proliferative 
thickening of the arterial wall in experimental animals, 
the resultant lesion either regresses or resembles a 
benign scar unless the animal’s blood cholesterol level 
is elevated, at which time lipid is deposited in the lesion 
and life-threatening AS results. 

6. The lipid in atheromatous plaques is largely 
derived from the lipoproteins in the bloodstream. 

As is well-known, all lipids in plasma circulate in 
combination with protein.* * The plasma lipoproteins 
are a family of globular particles, each consisting of a 
core of neutral lipid (primarily triglyceride or cholesteryl 
ester) surrounded by a coat composed of polar lipids 
(phospholipid and free cholesterol) and apoprotein. 
Plasma lipoproteins can be divided into four types, 
dependent on their electrophoretic mobility and sedi- 
mentation properties: (1) chylomicrons, which have the 
lowest density, are composed primarily of triglyceride, 
and are found in plasma only after a meal; (2) very-low- 
density lipoprotein (VLDL), which mainly transports 
triglycerides that have been synthesized in the liver; (3) 
low-density lipoprotein (LDL), and (4) high-density li- 
poprotein (HDL). LDL and HDL function primarily in 
the transport of endogenous cholesterol to body cells. 
About 70% of the total plasma cholesterol level in 
normal Americans is contained in LDL, the lipoprotein 
most strongly correlated with AS. Lipids form 75% of 
the mass of LDL, and of this 50 to 60% is cholesterol, 
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mostly in the form of cholesteryl] esters present in the 
core of the particle. 

Endogenous and exogenous cholesterol are trans- 
ported by various lipoproteins via two separate pathways 
(Fig. 12-12).*% In the endogenous pathway, VLDL, 
containing triglycerides and three apoproteins (E,C, 
and B100), is transported from the liver to adipose tissue 
and muscle, where a sequence of events occurs that 
transforms VLDI., via the formation of intermediate- 
density lipoprotein (IDL), to LDL. This sequence in- 
cludes the hydrolysis of triglycerides by the capillary 
endothelial enzyme lipoprotein lipase, removal of apo- 
proteins E, and C, and increase in the cholesteryl ester 
content of the particles. Thus, the core of LDL is 
composed almost exclusively of cholesteryl ester and 
the coat of only one protein, apoprotein B100. Two- 
thirds of the resultant LDL is metabolized by liver cells 
and other cells in extrahepatic tissues (adrenal cells, 
fibroblasts, smooth muscle cells, lymphoid cells, endo- 
thelial cells) by the LDL receptor pathway detailed on 
page 140. It will be recalled from the discussion of the 
genetic disturbances of cholesterol metabolism that this 
pathway is the means by which nonhepatic cells control 
the cholesterol needed for membrane synthesis; in the 
presence of low concentrations of extracellular LDL, 
more receptors are elaborated, and vice versa. The 
remaining one-third of LDL is degraded by LDL re- 
ceptor—independent mechanisms (Fig. 12-12). These 
include the scavenger cells of the mononuclear phago- 
cyte system, which, as discussed later, have receptors 
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for modified LDL. In addition, non—receptor-mediated 
fluid and adsorptive endocytosis also occur in various 
cells, particularly in the presence of high LDL concen- 
trations. 

As the membranes of cells from extrahepatic tissues 
undergo turnover and death, they release unesterified 
cholesterol into the plasma, and this is transported by 
HDL (Fig. 12-12). Through the action of the plasma 
enzyme lecithin:cholesterol acyl transferase (LCAT) the 
cholesterol from HDL is delivered to IDL and eventu- 
ally to LDL. Epidemiologic and experimental studies 
have shown an inverse relationship between the level 
of HDL and the development of AS. Although several 
mechanisms have been proposed for this protective 
action of HDL, none is proved. Probably the HDL 
fraction, usually low in cholesterol and rich in phospho- 
lipids, facilitates clearance of cholesterol from the arte- 
rial smooth muscle cells and its transport to the liver, 
where it may be excreted rather than reutilized in 
further synthesis of LDL. 

In the exogenous pathway (Fig. 12-12), dietary 
cholesterol is incorporated into chylomicrons, hydro- 
lyzed by endothelial lipoprotein lipase into cholestery] 
ester-rich chylomicron remnants, which are then taken 
up by the liver through a receptor-mediated mechanism. 
Some of the cholesterol in the liver is excreted as free 
cholesterol or bile acids into the intestines. 

A number of genetic and acquired derangements 
influence both exogenous and endogenous pathways of 
cholesterol metabolism, result in hyperlipoproteinemia, 
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Figure 12-12. Pathways for receptor-mediated metabolism of lipoproteins carrying endogenous and 
exogenous cholesterol. HDL = high-density lipoprotein; LCAT = lecithin:cholesterol acyltransferase; 
LDL = low-density lipoprotein; IDL = intermediate-density lipoprotein; VLDL = very-low-density 
lipoprotein. The distinction between exogenous and endogenous cholesterol applies to the immediate 
source of the cholesterol in plasma lipoproteins. After the exogenous cholesterol has been delivered 
to the liver and has been secreted in VLDL, it is considered endogenous cholesterol. Note that HDL 
is the lipoprotein that removes cholesterol from extrahepatic cells. (From Goldstein, J. L., et al.: 
Defective lipoprotein receptors and atherosclerosis. N. Engl. J. Med. 309:288, 1983. Reprinted, by 
permission, from The New England Journal of Medicine.) 


and predispose to the development of AS. The hyper- 
lipoproteinemias are classified as either primary genetic 
defects in lipid metabolism, or secondary to some other 
underlying disorder such as nephrotic syndrome or 
diabetes mellitus (Table 12-2). Some genetic disorders, 
such as familial hypercholesterolemia (p. 139), are sin- 
gle-gene dominant-recessive disorders, but many have 
a polygenic complex mode of inheritance and are mark- 
edly influenced by environmental factors, including diet 
(e.g., polygenic hypercholesterolemia). As stated ear- 
lier, elevated LDL levels are most closely linked to the 
development of AS, but both increased VLDL and 
decreased HDL serum concentrations are also corre- 
lated with increased risk. 

The mechanisms by which these lipid alterations 
promote AS are still poorly understood but are currently 
under intensive study. Clearly, the cholesterol in ath- 
eromatous plaques is derived from plasma lipoproteins, 
as both apoprotein B and LDL have been localized in 
atherosclerotic lesions. Lipids, mostly cholesteryl esters, 
accumulate in the plaque extracellularly and within foam 
cells, which, as noted earlier, appear to consist of both 
smooth muscle cells and macrophages. However, nei- 
ther smooth muscle cells nor macrophages exposed to 
naturally occurring LDL in vitro accumulate substantial 
amounts of cholesterol. 

How, then, do these cells become loaded with 
lipids? In the smooth muscle cell of the lesions, it is 
conceivable that a defect in any of the steps in the LDL 
receptor pathway may lead to a positive cholesterol 
balance and lipid accumulation. Particularly appealing 
are in vitro studies showing that modifications of LDL 
(such as by altering its charge) may bypass the receptor- 
dependent uptake of LDL in smooth muscle cells, in 
favor of receptor-independent bulk adsorptive endocy- 
tosis. In the case of macrophages, modification of LDL 
by acetylation,**° or by treatment with malon- 
dialdehyde* (a product of the platelet release reaction), 
or by exposure of LDL to endothelial cells,*? leads to 
binding of such modified LDL to receptors on the surface 
of the macrophage. Unlike the case in the regular LDL 
pathway, uptake by the modified LDL receptors is not 
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followed by feedback inhibition of such receptors; thus, 
lipid progressively accumulates within the macrophages, 
transforming then to foam cells. In addition, B-VLDL, 
a cholesterol-rich lipoprotein, which appears in the 
plasma only after high-cholesterol feeding, is also taken 
up by macrophages and results in the formation of foam 
cells. The accumulation of cholesteryl esters in mac- 
rophages under these conditions is markedly reduced 
in the presence of high concentrations of HDL, a finding 
consistent with the cholesterol-clearing property of the 
latter class of lipoproteins. The latter experiments 
emphasize the importance of egress of cholesterol from 
the vessel wall—in addition to influx into the vessel 
wall—in the overall lipid deposition. Although the 
relevance of these in vitro studies on lipid accumu- 
lation in man is unproved, it is probable that interac- 
tions of lipoproteins with platelets, endothelial cells, 
macrophages, and smooth muscle cells are involved 
in the net lipid accumulation occurring in atheromatous 
plaques.* 

Theories of Atherosclerosis. We can now turn to 
some of the current theories concerning AS (Fig. 12- 
13). 

REACTION TO INJURY (OR RESPONSE TO INJURY) HYPOTHE- 
sis. This theory, largely based on Virchow’s insudation 
theory, states that the lesions of atherosclerosis are 
initiated as a response to some form of injury to arterial 
endothelium (Fig. 12-13, left).*: * The injury may be 
subtle or may be outright desquamation of endothelial 
cells. Focal sites of injury lead to increased permeability 
to plasma constituents, and permit platelets and/or 
monocytes to adhere to endothelium or subendothelial 
connective tissue. Factors released from platelets or 
monocytes or some plasma constituent then lead to 
migration of smooth muscle from the media into the 
intima, followed by proliferation. Concomitantly, large 
amounts of connective tissue matrix are formed and 
lipid accumulates. Single or short-lived injurious events 
are followed by regeneration of endothelium, restoration 
of the endothelial barrier, and regression of the lesion. 
However, repeated or chronic injury will finally result 
in the development of an atheromatous plaque. 
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Table 12—2. THE HYPERLIPOPROTEINEMIAS* 


Name and Increased 


Lipoprotein Class Type Prevalence 
Hypertriglyceridemia, exogenous | Rare 
(chylomicrons) 
Hypercholesterolemia (LDL) lla Moderately 
common 
Combined hyperlipidemia IIb Common 
(LDL and VLDL) 
Remnant hyperlipidemia HI Rare 
(8-VLDL) 
Endogenous hypertriglyceridemia IV Common 
(VLDL) 
Mixed hypertriglyceridemia V Fairly common 


(VLDL & chylomicrons) 


Primary Disorders Secondary Disorders 


Familial lipoprotein lipase SLE 
deficiency 


Familial hypercholesterolemia Nephrotic syndrome; 


(LDL receptor defects) hypothyroidism 

Familial, unclassified (dietary Nephrotic syndrome; stress- 
excess) induced. 

Familial Hypothyroidism; monoclonal 


dysbetalipoproteinemia 

(broad-beta disease) 
Familial (mild) 

Tangier disease 


gammopathies 


Diabetes mellitus; alcohol; 
uremia; stress; oral 


contraceptives 
Familial combined Alcohol; oral contraceptives; 
hyperlipidemia diabetes 


“Modified from Havel, R. J., et al.: Lipoproteins and lipid transport. In Bondy, P.K., and Rosenberg, L.E. (eds.): Metabolic Control and 


Disease. 8th ed. Philadelphia, W.B. Saunders Co., 1980, pp. 393-494. 
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Figure 12-13. Proposed sequences involving endothelial injury, hyperlipidemia, and other mecha- 
nisms in the pathogenesis of the atheromatous plaque. Many of the mechanisms are based on in 
vitro studies. ? Refers to unproved or controversial sequences. Denuding or nondenuding endothelial 
injury causes platelet and monocyte macrophage adhesion to injured sites; factors derived from these 
cell types (PDGF, MDGF) or factors derived from the blood (e.g., hyperlipidemic LDL) cause smooth 
muscle migration and proliferation in the intima. Foam cells are derived from smooth muscle cells by 
as yet poorly understood mechanisms, and from macrophages in part by uptake via “modified” LDL 
receptors. The extracellular lipid is derived partly from direct migration from the serum and partly from 
breakdown of foam cells. The atheromatous plaque is composed of proliferating smooth muscle cells, 
their secreted extracellular matrix, foam cells, extracellular lipid, and necrotic debris. Hyperlipidemia 
may contribute to atherogenesis by: (1) increasing the influx of LDL, (2) causing endothelial injury, 
(3) directly inducing smooth muscle proliferation, and (4) influencing the formation of foam cells. Note 
that smooth muscle proliferation may also be induced directly by several postulated mechanisms 


(left). 


Let us examine the various components of this 
hypothesis. The fact that endothelial injury may cause 
proliferation of vascular smooth muscle has been shown 
experimentally after many forms of injury,” including 
balloon denudation, hemodynamic (arteriovenous fistu- 
las), immunologic (immune complex deposition),*” phys- 
ical (irradiation), and chemical (homocystine) endo- 
thelial injury. Of importance is the possibility that 
chronic hyperlipidemia in itself may initiate endothelial 
injury by some still unknown mechanisms.” Risk factors 
such as hypertension and cigarette smoking may also 
cause endothelial damage or increased endothelial 
permeability.” The list of other potential endothelium- 
damaging agents includes drugs, endotoxemia,®! and 
viruses.” Of interest is the presence of foci of sponta- 
neous increased endothelial permeability in apparently 
normal experimental animals (e.g., pigs) that eventually 
develop AS at these sites.” It is conceivable that such 
“spontaneous foci are caused by normal hemodynamic 
forces (“shear stress), possibly explaining the distribu- 
tion of plaques at branch and fork points of arteries and 
in portions of the abdominal aorta.” 

It should be stressed that frank endothelial denu- 
dation is not a necessary requirement for this theory. 
Some evidence suggests that foci of heightened endo- 


thelial permeability,“ increased leukocyte adhesion,”® 
decreased endothelial surface anionic sites, and _ in- 
creased endothelial cell replication® occur early in the 
course of experimental hypercholesterolemia, without 
overt endothelial desquamation. Such alterations, re- 
ferred to as endothelial “dysfunction,”> broaden the 
original concept of overt endothelial injury as the initi- 
ator of atherosclerosis. 

The second component of the hypothesis is smooth 
muscle proliferation in the intima. The proliferating 
cells originate from cells migrating from the media and 
possibly also from preexisting myointimal cells. Several 
smooth muscle mitogens have been implicated in such 
proliferation. Principal among these is the platelet- 
derived growth factor (PDGF) (p. 76), present in the 
alpha granules, and released after platelet adhesion to 
foci of injury. That the platelet mitogen may be active 
in vivo is suggested by the protective effect afforded by 
experimentally induced thrombocytopenia or by admin- 
istration of inhibitors of platelet aggregation in some 
models of experimental AS.° Macrophage-derived 
growth factor” (MDGF, p. 76), LDL from hypercholes- 
terolemic serum,’ or other circulating hormones may 
also supply the growth-stimulating effect. Whatever the 
stimulus, it is the smooth muscle cells that elaborate 


the extracellular components of the atheromatous 
plaque: collagen, elastic tissue, and proteoglycans. Fur- 
ther, the smooth muscle cells accumulate large amounts 
of cholesterol and cholesteryl esters and, together with 
infiltrating macrophages, give rise to the foam cells in 
the plaque (p. 515). The extracellular lipid in the plaque 
results from plasma insudation directly into the intima 
and from necrosis of foam cells and release of their 
contents. It is of importance that in most experimental 
models, and also by analogy in man, smooth muscle 
proliferation ceases when the endothelial damage has 
been repaired. Endothelial repair occurs by migration 
and proliferation of endothelial cells from the periphery 
of the injured site.” 

The third aspect of the response to injury hypoth- 
esis is its relationship to hyperlipidemia. As shown in 
Figure 12-13 (right), hyperlipidemia may interact with 
the vascular response to injury in several ways:'® * (1) 
endothelial damage increases the insudation of plasma 
lipids into the vessel wall; (2) chronic hyperlipidemia 
may in itself cause endothelial injury; (3) certain com- 
ponents of hyperlipidemic serum may directly stimulate 
smooth muscle proliferation; and (4) hyperlipidemia 
favors platelet aggregation and release of PDGF— 
PDGF in turn increases LDL receptors on smooth 
muscle cells and thus increases their rate of uptake of 
lipid in addition to triggering smooth muscle growth. 

Although the concept of endothelial injury, coupled 
with the effects of hyperlipidemia, is an attractive mech- 
anism of atherogenesis, the development of the athero- 
matous plaque could also be explained if smooth muscle 
proliferation was in fact the initial event. Endothelial 
injury may then be a secondary phenomenon, or may 
indeed accentuate the lesion, but would be neither the 
first nor a necessary event. It is possible, for example, 
that amounts of lipid (or some lipid component) that 
would normally reach the smooth muscle layer in hy- 
percholesterolemic individuals may somehow alter 
smooth muscle cells and trigger their proliferation. Or 
it may be that genetic or acquired defects of the smooth 
muscle themselves may induce the initial proliferative 
response. Two theories to account for such a primary 
effect on smooth muscle have been proposed and. will 
be briefly discussed next. 

MONOCLONAL HYPOTHESIS. Benditt and Benditt stud- 
ied the distribution of A- or B-isoenzyme of X-linked 
glucose-6-phosphate dehydrogenase (G6PD) in ather- 
omatous plaques of black women heterozygous for this 
enzyme.” As expected, it was found that segments of 
uninvolved aortic intima and media contained both A- 
and B-isoenzymes. However, fibrous plaques contained 
either A or B, and only seldom contained both. This 
monotypic nature of the smooth muscle cells in the 
plaque was interpreted as evidence that plaques may 
therefore be equivalent to benign monoclonal neoplastic 
growths (such as leiomyomas) and are initiated by a 
mutation. The mutagenic effect may be from an exoge- 
nous chemical (e.g., hydrocarbons), endogenous metab- 
olite (e.g., cholesterol or some of its oxidants), or a 
virus. The monoclonality of a majority of plaques has 
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since been both confirmed and denied;” it appears that 
most are oligoclonal (composed of a few clones) rather 
than monoclonal. The significance of this appealing 
hypothesis is still unclear, but it has served to direct 
attention to possible smooth muscle mutagens as initi- 
ators of smooth muscle proliferation. 

DISTURBANCES IN GROWTH CONTROL. Other hypotheses 
accounting for smooth muscle proliferation in AS impli- 
cate loss of “growth control” in the cells af the media.” 
Although these concepts are still largely speculative, 
there is evidence supporting a role for inhibitors in 
growth regulation of the arterial wall; indeed, factors 
that inhibit cell growth in culture have been isolated 
from aortic walls. One of these is a heparin-like molecule 
elaborated by endothelial” and smooth muscle cells. 
Presumably, focal loss of these inhibitors (possibly ini- 
tiated by injury) may lead to smooth muscle prolifera- 
tion. The importance of identifying such inhibitors is 
that they may be of potential therapeutic value. Indeed, 
administration of heparin inhibits smooth muscle prolif- 
eration induced experimentally by endothelial injury.” 

Figure 12-13 illustrates some of the proposed 
mechanisms of atherogenesis, emphasizing the reaction 
to injury sequences and the role of hyperlipidemia. The 
most currently plausible theory is the reaction to injury 
hypothesis, if the term “injury” is broadened to encom- 
pass subtle, nondenuding, functional endothelial dam- 
age or injury primarily to smooth muscle cells. It is very 
likely that there is no one cause of AS, no single 
initiating event, and no exclusive pathogenetic mecha- 
nism. Clinically significant AS appears to be a disease 
of multiple origins. In some individuals, severe or 
repeated endothelial injury may induce AS with rela- 
tively normal LDL levels. In others, such as those with 
extreme hyperlipidemia, endothelial injury may not be 
necessary to trigger the same events. Perhaps the 
cumulative effect of many factors is involved, as seems 
evident from epidemiologic studies. In short, despite 
all that has been learned, the cause of AS is still 
unknown. At this stage, it is perfectly reasonable to 
attempt to halt AS during its progression rather than at 
its inception. The investigation of serum lipids, the 
study of risk factors and their manipulation, and the 
emphasis on prevention and treatment of thrombotic 
complications constitute attempts to approach the prob- 
lem in this manner. 

CLINICAL SIGNIFICANCE. The clinical manifestations 
of AS are as varied as the vessels affected and the extent 
of the atheromatous change. The lesions themselves do 
not cause symptoms or signs. They cause clinical disease 
only by (1) narrowing the vascular lumina to cause 
ischemic atrophy; (2) sudden occlusion of the lumen by 
superimposed thrombosis or hemorrhage into an ath- 
eroma, producing frank infarction; (3) providing a site 
for thrombosis and then embolism; or (4) weakening the 
wall of a vessel, followed possibly by aneurysm formation 
or rupture. Although theoretically any organ or tissue 
in the body may be so involved, symptomatic athero- 
sclerotic disease is most often localized to the heart, 
brain, kidneys, lower extremities, and small intestine. 
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The importance of such vascular disease was amply 
documented by some of the epidemiologic data cited 
earlier in this discussion. It will be further documented 
throughout the remaining chapters of the book, since 
vascular disease constitutes a significant part of all organ 
and system pathology. 

Given the fact that AS and CHD are virtually 
epidemic in affluent populations, methods of possible 
control are understandably major concerns of these 
groups. A number of clinical trials of prevention of AS 
and CHD have been instituted. Al] make the assumption 
that five factors capable of alteration are of cardinal 
importance: diets high in cholesterol and saturated fat, 
hypercholesterolemia, hypertension, cigarette smoking, 
and diabetes. A review of clinical trials is beyond our 
scope. Suffice it to say here that the evidence is good 
that control of hypertension and cigarette smoking di- 
minishes the risk of CHD. With regard to diabetes, 
there are two opposing camps, one defending and the 
other denying a role for control of blood sugar in the 
progression of AS. Finally, controversy still exists con- 
cerning the possibility of influencing hyperlipidemia 
and CHD through dietary alterations. This issue was 
discussed earlier in the chapter. Many, but not really 
all, investigators believe that dietary reduction of plasma 
cholesterol and cholesterol LDL levels would retard the 
progression of AS, but opinions on the strength of the 
probability vary widely, since CHD risk is multifactorial. 
However, experts on all sides of the controversy advo- 
cate a reduction in fat intake, avoidance of obesity, 
moderation of salt intake, cessation of smoking, and the 
pursuit of physical activity as ways of life that are likely 
to reduce overall risk. This consensus should not be 
overlooked in the continuing debate about the issues 
involved in the relationship between diet and coronary 
heart disease. '” 


MONCKEBERG’S ARTERIOSCLEROSIS 
(MEDIAL CALCIFIC SCLEROSIS) 


Medial sclerosis is characterized by ringlike calci- 
fications within the media of medium-sized to small 
arteries of the muscular type. Although Ménckeberg’s 
medial calcific sclerosis may occur together with athero- 
sclerosis in the same individual or even in the same 
vessel, the two disorders are totally distinct anatomi- 
cally, clinically, and presumably etiologically. The ves- 
sels most severely affected are the femoral, tibial, radial, 
and ulnar arteries and the arterial supply of the genital 
tract in both sexes. The coronary arteries are likewise 
subject to medial calcinosis. Both sexes are affected 
indiscriminately. This disorder is rare in individuals 
under 50 years of age. Its genesis is still obscure, but 
according to prevailing concepts, medial calcification is 
related to prolonged vasotonic influences. In animals, 
analogous medial calcifications can be produced by the 
prolonged intravascular infusion of such vasoconstrictors 
as epinephrine and nicotine. 


The disorder is characterized by ringlike or plate calci- 
fications within the wall of a vessel that create a “gooseneck 
lamp” nodularity on palpation. The calcification is not asso- 
ciated with any inflammatory reaction, and the intima and 
adventitia are largely unaffected. Commonly, bone and even 
marrow may form within the calcific plaques. Frequently, 
coexistent atheromas complicate the histologic changes (Fig. 
12-14). 


This disorder is of relatively little clinical signifi- 
cance. It accounts for roentgenographic densities in the 
vessels of the extremities in aged individuals, but it is 
to be remembered that the lesions do not produce 
narrowing or occlusion of vascular lumina. 


ARTERIOLOSCLEROSIS 


Included under this heading are two entities: hya- 
line arteriolosclerosis and hyperplastic arteriolosclerosis. 
Although both lesions are clearly related to elevations 
of blood pressure, other etiologies may also be involved. 


Hyaline Arteriolosclerosis 


This condition is encountered frequently in elderly 
patients, whether normotensive or hypertensive, but is 
more generalized and more severe in patients with 
hypertension. The condition is also seen commonly in 
diabetes, and forms part of the microangiography char- 
acteristic of diabetic disease (p. 982). Whatever the 
clinical setting, the vascular lesion consists of a homo- 
geneous, pink, hyaline thickening of the walls of arte- 
rioles with loss of underlying structural detai] and with 
narrowing of the lumen (Fig. 21-54, p. 1045). Under 
the electron microscope, irregular thickening of the 
basement membrane can be visualized, and there is 
deposition of amorphous extracellular substance within 
the vessel wall. Often, smooth muscle cells are trapped 
within these deposits. Intimal and medial collageniza- 
tion adds to the hyaline changes of the arteriolar walls. 

It is believed that the lesions reflect leakage of 
plasma components across vascular endothelium. Pre- 
sumably, the chronic hydrodynamic stress of hyperten- 
sion or a metabolic stress in diabetes accentuates endo- 
thelial injury, thus resulting in leakage and hyaline 
deposition. Whatever the pathogenesis, the narrowing 
of the arteriolar lumina causes impairment of the blood 
supply to affected organs, particularly well exemplified 
in the kidneys. Thus, hyaline arteriolosclerosis is a 
major morphologic characteristic of benign nephroscle- 
rosis in which the arteriolar narrowing causes diffuse 
renal ischemia and symmetric contraction of the kidneys 
(p. 1045). 


Hyperplastic Arteriolosclerosis 


The hyperplastic type of arteriolosclerosis is gen- 
erally related to more acute or severe elevations of 
blood pressure and is therefore characteristic of malig- 
nant hypertension (diastolic pressures usually over 110 
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Figure 12-14. Ménckeberg’s medial calcific sclerosis and atherosclerosis. Vessel lumen is markedly 


narrowed by intimal atherosclerosis. Dark, medial, calcific deposits with bone and bone marrow 
formation (at 6 o’clock) indicate the presence of M6énckeberg’s sclerosis. 


mm Hg) (p. 1041). This form of arteriolar disease can 
be identified under the light microscope by virtue of its 
onionskin, concentric, laminated thickening of the walls 
of arterioles with progressive narrowing of the lumina 
(Fig. 12-15). Under the electron microscope, these 
reduplicated cells have the appearance of smooth mus- 
cle. The basement membrane is likewise thickened and 
reduplicated. Frequently, but not invariably, these hy- 
perplastic changes are accompanied by deposits of fibri- 
noid and acute necrosis of the vessel walls, referred to 
as necrotizing arteriolitis. The arterioles in all tissues 
throughout the body may be affected, favored sites 
being the kidney, periadrenal fat, gallbladder, peripan- 
creatic, and intestinal arterioles. Why these vessels 
should show more pronounced change than others is 
not clear. Not infrequently, the two forms of arteriolo- 
sclerosis coexist in the same vessel. 


INFLAMMATION—THE VASCULITIDES 


Arteritis is encountered in a diversity of diseases 
and clinical settings.”””* The terms arteritis, vasculitis, 
and angiitis are used interchangeably because veins and 
capillaries may be involved in some of the conditions. 
In some instances, arteritis is produced when an artery 
is injured directly by a specific agent, such as by direct 
bacterial invasion, irradiation, mechanical trauma, and 
toxins. The most important entities, however, are the 
so-called “noninfectious necrotizing vasculitides.” Al- 
though all are characterized by inflammation and necro- 
sis of blood vessels, they are segregated into a number 


of distinctive clinicopathologic syndromes affecting mul- 
tiple organ systems. Many of these entities appear to 
have an immunologic basis. Vasculitis, also of immune 
origin, is a component of systemic lupus erythematosus 


Figure 12-15. Hyperplastic arteriolosclerosis of small vessel in 
kidney. Patient was a young man who died with blood pressure 
310/160. 
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(SILE) and sometimes complicates the other connective 
tissue disorders, such as scleroderma, polymyositis, 
rheumatoid arthritis, and rheumatic fever. 

Before discussing some of the syndromes, we shall 
briefly review pathogenetic mechanisms that may be 
common to many vasculitides. 

ETIOLOGY AND PATHOGENESIS OF VASCULITIS. Al- 
though little is known about etiologic agents, many 
types of vasculitis are thought to be induced by immu- 
nologic mechanisms, and the evidence for this can be 
summarized as follows:7~” 

1. The vascular lesions resemble those found in 
experimental immune complex-mediated conditions, 
such as the local Arthus phenomenon and serum sick- 
ness. 

2. Vasculitis is found in association with SLE, 
scleroderma, dermatomyositis, and Sjégren’s syndrome. 
IDNA-anti- DNA immune complexes and complement 
are present in the vascular lesions in these conditions. 

3. In patients with mixed cryoglobulinemia, IgG, 
IgM (antibody to IgG), and complement components 
have been seen in involved vessels. 

4. Drugs such as sulfonamides, penicillin, thiour- 
acil, iodides. and arsenicals have often been associated 
with the development of vasculitis. In most of these, 
the lesion described has been that of microscopic 
polvarteritis (hypersensitivity angiitis). 

5. The most impressive evidence is the demonstra- 
tion of a high incidence of hepatitis B antigenemia 
(LIBsAg) and circulating HBsAg-anti-HBs immune com- 
plexes in the sera of some patients with vasculitis.” 
Moreover, HBs antigen, immunoglobulins, and comple- 
ment occur in the vascular lesions. Indeed, it has been 
estimated that hepatitis B antigen may be the inciting 
agent in between 25 and 40% of patients with necrotiz- 
ing vasculitis. The occurrence of vasculitis in drug 
addicts may be due to the high incidence of hepatitis B 
antigenemia in these individuals, but other infectious 
agents may also be possible causes. 

Other pathogenetic mechanisms should be consid- 
ered. The presence of mononuclear cells and granulomas 
in some vasculitides suggests cell-mediated immunity, 
which may be directed against foreign antigens or 
endogenous components of the vessel wall. In fact, cell- 
mediated immunity to arterial wall antigens has been 
described in one form of vasculitis, temporal arteritis. 
Alternatively, autoantibodies against vessel wall antigens 
may play a role, as they do in some glomerular diseases. 
Defects in immunoregulation, well described in SLE 
(p. 181), may predispose to the development of vascu- 
litis. All these mechanisms, however, are less well 
established than those of immune complex—mediated 
damage in vasculitis. 

CLASSIFICATION. Many classifications of vasculitis 
are available and depend on the size of the involved 
blood vessels, the anatomic site, the histologic charac- 
teristic of the lesion, or the clinical manifestations. 
However, there is considerable clinical and pathologic 
overlap among these disorders, and some have thus 
been considered as “groups.” Table 12-3 lists the most 
important groups of vasculitis as currently classified. 
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Table 12-3. CLASSIFICATION OF VASCULITIS 


|. Polyarteritis nodosa group of systemic necrotizing 
vasculitis 
A. Classic polyarteritis nodosa 
B. Allergic angiitis and granulomatosis (Churg-Strauss 
variant) 
C. Systemic necrotizing vasculitis “overlap syndrome” 
ll. Hypersensitivity angiitis 
Serum sickness and serum sickness-—like reactions 
Henoch-Schonlein purpura 
Vasculitis associated with connective tissue 
disorders 
Essential mixed cryoglobulinemia with vasculitis 
E. Malignancy 
Ill. Wegener's granulomatosis 
IV. Lymphomatoid granulomatosis 
V. Giant cell arteritides 
A. Temporal arteritis 
B. Takayasu's arteritis 
Vl. Mucocutaneous lymph node syndrome (Kawasaki's 
disease) 
VII. Thromboangiitis obliterans (Buerger’s disease) 
Vill. Miscellaneous (Others) 
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POLYARTERITIS NODOSA (PAN) GROUP 


This group is characterized by systemic involve- 
ment with the vasculitic process and includes the first 
recognized classic type of vasculitis, also called the 
macroscopic form of PAN. Classic PAN is a disease of 
small or medium-sized muscular arteries, characteristi- 
cally involving renal and visceral vessels and sparing the 
pulmonary circulation. *! 


MORPHOLOGY. Classic PAN may affect any artery of 
medium or small size in any organ or system of the body. 
The more usual sites of involvement in autopsy series are 
the kidneys (85%), heart (75%), liver (65%), and gastroin- 
testinal tract (50%), followed by the pancreas, testes, skeletal 
muscle, nervous system, and skin. Grossly, the individual 
lesions involve sharply localized segments of vessel with a 
predilection for branching points and bifurcations. The le- 
sions may be inapparent on macroscopic inspection, but the 
affected vessels may have nodular gray or red swellings. 
Rarely, small aneurysmal dilatations or perivascular hema- 
tomas may result from weakening or rupture of the wall. 
Intravascular thrombosis is a frequent sequel to the acute 
vasculitis. Ulcerations, infarctions, ischemic atrophy, or hem- 
orrhages in the areas supplied by these vessels may provide 
the first clue to the existence of the underlying disorder. 

Microscopically, the changes in the vessels may be 
divided into acute, healing, and healed stages; within the 
same case of the classic type of polyarteritis one frequently 
sees all three lesions, although in other cases one stage 
may predominate. The acute lesions are characterized by 
fibrinoid necrosis, which may affect only the intima, but often 
extends to involve the full thickness of the arterial wall, 
particularly in small arteries (Fig. 12-16). Numerous leuko- 
cytes, including neutrophils, may be present in the inflam- 
matory lesions and in perivascular tissue, and there may be 
a perivascular cuff of cells. The necrosis may involve the 
entire circumference of the wall but is often localized to a 
segment. The affected portion may bulge in an aneurysmal 
fashion, and these aneurysms can frequently be demon- 
strated by arteriography. It is during this acute stage that 
the lumen becomes thrombosed (Fig. 12-17) and destruc- 
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infiltrate throughout the arterial wall. B, Higher-power view showing infiltrate of neutrophils and 


mononuclear cells in vessel wall. 


tion of the elastica. particularly the internal elastic membrane, 
can be demonstrated. Eosinophils and mononuclear cells 
may be numerous and may represent over half of all white 
cells present. 

Healing !esions are characterized by fibroblastic prolif- 
eration in addition to the continuing necrotizing process. 
Fibroblasts are often found arranged concentrically in the 
intima, and usually cause thickening of the wall and narrow- 
ing of the lumen. The leukocytic infiltrate will now exhibit 
large numbers of macrophages and plasma cells. The fibro- 
blastic proliferation may extend into the surrounding adven- 
titia, producing the firm nodularity that is sometimes grossly 
apparent. Thrombosis, if present, becomes organized, and 


Figure 12-17. Polyarteritis nodosa. Small renal artery showing 
segmental fibrinoid necrosis of vessel wall and thrombotic occlusion 
of lumen. Note that part of vessel wall (bottom right) is uninvolved. 


the entire vessel wall then becomes transformed into a 
fibrous cord. 

The healed lesions consist merely of marked fibrotic 
thickening of the affected arterial wall. Scattered lympho- 
cytes, plasma cells, and occasional deposits of calcium may 
mark for long periods the site of the previous acute damage. 
Elastic tissue stains are valuable in detecting healed polyar- 
teritis, since they can disclose loss or fragmentation of the 
internal elastic lamina and its replacement by fibrous tissue 
(Fig. 12-18). 

Although these stages have been described separately, 
all three may coexist in different loci, either within the same 
vessel or in different vessels. Only rarely are all lesions at 
one stage of inflammatory activity. When all signs of activity 
have regressed, it is sometimes difficult to establish the 
diagnosis of PAN morphologically, since all that remains is 
fibrous scarring of nonspecific character. 


CLINICAL CouRSE. Classic PAN is a disease of young 
adults, although it may occur in children and older 
individuals. It affects men more frequently than women, 
in the ratio of 2 to 3:1. Since the vascular involvement 
is haphazard and widely scattered and induces infarc- 
tions of varying ages in affected organs, it is obvious 
that the clinical signs and symptoms of these disorders 
may be varied and puzzling. Indeed, the dominant 
clinical characteristics of PAN are such nonspecific sys- 
temic reactions as low-grade fever, malaise, weakness, 
leukocytosis, and symptoms referable to many systems. 
The course may be acute, subacute, or chronic and is 
frequently remittent, with long intervals of freedom 
from symptoms. The most common manifestations are 
fever of unknown etiology and weight loss; hematuria, 
albuminuria, and renal failure attributable to the renal 
involvement; hypertension, usually developing rapidly; 
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Figure 12-18. Elastic tissue stain of artery showing healed polyar- 


teritis at lower left corner. The internal elastic lamina is destroyed 
and there is thickening of intima and media. 


abdominal pain, cramps, and melena due to vascular 
lesions in the alimentary tract; diffuse muscular aches 
and pains; and peripheral neuritis, which is predomi- 
nantly motor. About 30% of patients with PAN have the 
hepatitis B antigen in their serum.* 

The clinical diagnosis can usually be definitely 
established only by the identification of the vascular 
lesions. Clinically involved tissue is best for histologic 
examination, such as kidney, tender muscles, subcuta- 
neous nodules, and skin lesions. Angiography shows 
vascular aneurysms in 50% of cases. Death may occur 
during an acute fulminant attack but it may follow a 
protracted course. Previous data have indicated that up 
to two-thirds of untreated patients die of renal failure, 
cerebral hemorrhage, or intestinal infarction within one 
year. More recent studies, however, showed a five-year 
survival of 57% for those given corticosteroid therapy, 
and of 80% for those given corticosteroids and cyclo- 
phosphamide,” which supports an immunologic origin 
for this disorder. Effective treatment of the hypertension 
is a prerequisite for a favorable prognosis. 

Allergic granulomatosis and angiitis (the Churg- 
Strauss syndrome) has been distinguished from classic 
PAN because of a strong association with bronchial 
asthma and eosinophilia, the frequent involvement of 
pulmonary and splenic vessels, and the presence of 
intra- and extravascular granulomas. The vascular le- 
sions, however, may be histologically identical to those 
of classic PAN. Vasculitis and granulomas occur in lungs, 
peripheral nerves, and skin, with a striking infiltration 
of vessels and perivascular tissues by eosinophils. 


HYPERSENSITIVITY (LEUKOCYTOCLASTIC) 
ANGIITIS 


This group, also called microscopic polyarteritis, is 
differentiated from PAN because smaller vessels are 
affected (arterioles, venules, and capillaries). Further, 
in a single patient, all lesions tend to be of the same 
age. It is a rather frequently encountered type of 
vasculitis that typically involves the skin, mucous mem- 
branes, lungs, brain, heart, gastrointestinal tract, kid- 
neys, and muscle. In many cases a possible antigen can 
be traced as the precipitating cause. Drugs (penicillin), 
microorganisms (beta-hemolytic streptococci), heterol- 
ogous protein, and tumor antigens have been implicated 
as triggers of the disorder.™ 

In general, muscular and large arteries are spared; 
thus, macroscopic infarcts similar to those seen in PAN 
are uncommon. Histologically, fibrinoid necrosis may 
be present, but in some lesions the change is limited to 
infiltration with neutrophils, which become fragmented 
as they flood the vessel wall. The term “leukocytoclastic 
angiitis” is given to such lesions. The disease may be 
confined to the skin (cutaneous vasculitis), in which it 
is manifested by palpable purpura (Fig. 12-19), but, as 
mentioned earlier, almost all organs can be affected and 
lung involvement is common. The renal lesions tend to 
be limited to the glomerular tufts. In some patients they 
are focal and segmental, but in some they may progress 
to affect all glomeruli, resulting in a lesion identical to 
that seen in so-called crescentic glomerulonephritis (p. 
1009). Patients with such glomerular lesions develop 
rapidly progressive renal failure. Immunoglobulins and 


Figure 12-19. Hypersensitivity angiitis affecting skin. Note frag- 
mented nuclei of neutrophils in vessel walls and perivascular spaces. 


complement components are present in the vascular 
lesions of the skin, especially if these are examined 
within 24 hours of development. With the exception of 
those who develop crescentic glomerulonephritis, most 
patients respond well simply to removal of the offending 
agent. 

Disseminated vascular lesions of hypersensitivity 
angiitis may appear in a number of rather distinct 
syndromes. These include Henoch-Schénlein purpura, 
essential mixed cryoglobulinemia, vasculitis associated 
with some of the connective tissue disorders, and vas- 
culitis associated with malignancy. These are discussed 
under the specific entities elsewhere in this book. 


WEGENER’S GRANULOMATOSIS 


This rare form of necrotizing vasculitis is character- 
ized by (1) acute necrotizing granulomas of the upper 
and lower respiratory tract (nose, sinuses, and lung); (2) 
focal necrotizing vasculitis, most prominent in the lungs 
and upper airways but affecting other sites as well; and 
(3) renal disease in the form of focal or diffuse necrotizing 
glomerulitis. 

As with polyarteritis, males are more frequently 
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Figure 12-20. Multiple granulomas in lungs in Wege- 
ners granulomatosis (arrows). Note central necrosis 
and multinucleate giant cells. 
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affected than females, and the peak incidence is in the 
fifth decade. The typical clinical features include a 
persistent pneumonitis with bilateral nodular and cavi- 
tary infiltrates (95%), chronic sinusitis (90%), mucosal 
ulcerations of the nasopharynx (75%), and evidence of 
renal disease (80%).® 

Skin rashes, muscle pains, articular involvement, 
and mono- or polyneuritis occur in 25 to 60% of patients, 
and about 50% have fever. Untreated, the course of the 
disease is malignant, 82% of patients dying within one 
year, with a mean survival of five months. During recent 
years, however, this grim prognosis has been improved 
dramatically by the use of immunosuppressive drugs 
such as cyclophosphamide; up to 90% of patients re- 
spond to such therapy, and in the majority the remission 
appears complete. 


Inflammation—The Vasculitides 


MORPHOLOGY. Involvement of the respiratory tract 
takes the form of focal acute necrosis in the nasal and oral 
cavities, paranasal sinuses, larynx, or trachea, as well as 
focal lesions scattered throughout the lung parenchyma. 
These areas are generally surrounded by a zone of fibro- 
blastic proliferation with giant cells and leukocytic infiltrate, 
creating a more than superficial resemblance to a tubercle 
(Fig. 12-20). These lesions undergo progressive fibrosis 
and organization. The lesions in the lung are usually small, 
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but occasionally take the form of large (5- to 6-cm) foci of 
consolidation, which may also become cavitary. The vas- 
culitis affects small arteries and veins and has been de- 
scribed in virtually every vessel and organ of the body, 
favorite sites being the respiratory tract, kidneys, and spleen. 
These lesions are almost identical with those of the acute 
phase of polyarteritis nodosa (Fig. 12-21), but often contain 
granulomas, which may be within, adjacent to, or clearly 
separated from the vessel wall. 

The renal lesions are of two types: in milder forms, or 
early in the disease, there is acute focal proliferation and 
necrosis in the glomeruli, with thrombosis of isolated glo- 
merular capillary loops. This focal necrotizing glomerulo- 
nephritis (p. 1018) may resolve with therapy or may pro- 
gress rapidly to the second type, in which there is diffuse 
proliferation and necrosis of the glomerulus, together with 
the formation of many glomerular crescents. Patients with 
focal lesions may have hematuria and proteinuria, whereas 
those with crescentic glomerulonephritis develop rapidly 
progressive renal failure. 


Because of its striking resemblance to polyarteritis 
nodosa and serum sickness, it is thought that the disease 
represents some form of hypersensitivity, possibly to an 
inhaled infectious or other environmental agent, but no 
etiologic agent has been identified. Immune complexes 
have been seen in the glomeruli and vessel walls in 
occasional patients. The dramatic response to cyclo- 
phosphamide also strongly suggests an immunologic 
mechanism, perhaps of the cell-mediated type. Because 
of the excellent response to therapy, a correct diagnosis 
of Wegener's granulomatosis is imperative. If necessary, 
the diagnosis should be confirmed by biopsy of the lung 
or nasopharyngeal lesions. 
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Figure 12—21. Small artery in lung in Wegener's granulomatosis. 
The wall is markedly thickened, fibrotic, and infiltrated with white 
cells. 


Lymphomatoid granulomatosis*® is an obscure en- 
tity that resembles Wegener's granulomatosis but does 
not exhibit the triad of respiratory tract granulomas, 
vasculitis, and glomerulonephritis. It is characterized 
by pulmonary infiltration by nodules of lymphoid and 
plasmacytoid cells, often with cellular atypia. These 
infiltrates invade vessels, giving the histologic appear- 
ance of a vasculitis. The condition is initially localized 
to the lungs, but about one-third of patients eventually 
show similar lesions in the kidneys, liver, brain, and 
other organs, and from 10 to 50% develop malignant 
lymphoid tumors, most commonly non-Hodgkin's lym- 
phoma. 


GIANT CELL (TEMPORAL) ARTERITIS 


Temporal arteritis is a focal granulomatous inflam- 
mation of arteries of medium and small size that affects 
principally the cranial vessels, especially the temporal 
arteries in older individuals.*’ In the more severe 
expressions of this disorder, lesions have been found in 
arteries throughout the body, and in some cases the 
aortic arch has been involved to produce so-called giant 
cell aortitis. Women are slightly more often affected 
than men. This disease is rare under age 50, and the 
average age at onset is 70. In contrast, polyarteritis 
nodosa, which bears some morphologic resemblance to 
disseminated giant cell arteritis, and Takayasu’s disease, 
which also involves the aortic arch, both tend to affect 
younger individuals. 

Temporal arteritis is the most common of the 
vasculitides, its prevalence increasing significantly with 
age to about 850 per 100,000 population aged 80 years 
and over. Almost half of all patients with manifestations 
of temporal arteritis, such as headache, tenderness over 
the artery, visual loss, and facial pain, have systemic 
involvement and the syndrome of polymyalgia rheumat- 
ica, described later. However, 40% of biopsies of the 
temporal artery” are negative in patients with classic 
manifestations of this disease, and it must be assumed 
that the lesions were focal and were missed on biopsy. 

ETIOLOGY AND PATHOGENESIS. The cause of this 
relatively common disease remains a puzzle. The mor- 
phologic alterations seem to suggest some sort of im- 
munologic reaction against a component of the arterial 
wall. Some support for such a conception is provided 
by the finding of cell-mediated immunity to arterial 
antigen in some patients and by the response that is 
almost always achieved by corticosteroid treatment. In 
addition, the recognition of systemic patterns of this 
disease with prominent involvement of muscles has 
raised the issue of whether this disorder may be a form 
of rheumatoid arthritis with arteritis (having a more 
firmly established immunologic basis). The absence of 
firm serologic evidence of rheumatoid arthritis, how- 
ever, argues against the identity of rheumatoid disease 
and giant cell arteritis. Genetic predisposition, as evi- 
denced by increased prevalence of some histocompati- 
bility antigens, has been claimed by some workers but 


refuted by others. The granulomatous nature of the 
inflammatory response obviously led to the suspicion of 
an infectious agent. However, no microbiologic agent 
has been isolated from affected vessels, and so the 
puzzle persists. 


MORPHOLOGY. The histologic changes in arteries are 
quite variable and fall into three general patterns: (1) gran- 
ulomatous lesions replete with giant cells, often in relation 
to fragments of the internal elastic membrane (Fig. 12-22); 
(2) nonspecific white cell infiltration (neutrophils and occa- 
sional lymphocytes and eosinophils) throughout the arterial 
wall; and (3) intimal fibrosis, usually with no morphologically 
apparent disruption of the internal elastic lamina. Giant cells 
are present in only two-thirds of cases, and frequently many 
sections may have to be examined before one is detected. 
Thrombus formation commonly occurs in affected vessels 
and may be followed by either obliteration of the lumen or 
organization and recanalization. In healed phases, the artery 
is transformed into an obliterated fibrous cord. In addition to 
temporal arteries, involvement of vertebral and ophthalmic 
arteries is common, and some patients develop systemic 
lesions in any intermediate or large-sized muscular artery. 


CLINICAL CourRsE. The disease may be insidious 
and vague in onset or may be heralded by the sudden 
onset of headache. Often, the illness begins with general 
symptoms of weight loss, malaise, fever, anorexia, and 
nausea, followed by generalized muscular aching and 
stiffmess in the shoulders and hips, manifestations that 
suggest a flulike syndrome. Such an onset would be 
characterized as polymyalgia rheumatica.® There is 
often severe throbbing pain along the course of the 
artery; tenderness, swelling, and redness in the over- 
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lying skin; and claudication of the jaw. Visual symptoms 
(blurred or double vision or transient partial blindness) 
occur in 40% of patients. Permanent complete blindness 
in one or both eyes is fortunately uncommon, but in 
some instances the progressive development of blind- 
ness is the only manifestation of the vascular disease. 
Involvement of visceral vessels may give rise to mani- 
festations of myocardial ischemia, gastrointestinal dis- 
turbances, or neurologic derangements. When the aortic 
arch is involved, the symptomatology may be identical 
to that of Takayasu’s or aortic arch syndrome, discussed 
next. 

The diagnosis of this condition, as must be apparent, 
is treacherous. The erythrocyte sedimentation rate 
(ESR) is markedly elevated in 95% of cases but is a 
nonspecific finding. Biopsy may be diagnostic but may 
be negative in otherwise characteristic clinical syn- 
dromes. Careful palpation of arteries in the hope of 
identifying a focal area of tenderness or nodularity is 
most important in securing an appropriate biopsy spec- 
imen. As mentioned, however, histologic changes may 
be present in clinically normal vessels. In the absence 
of morphologic confirmation, it is often necessary to 
institute therapy on clinical grounds alone. In some 
instances, the disease is of acute and almost calamitous 
onset, and corticosteroid therapy must be instituted 
promptly to prevent visual impairment. Fortunately, 
the response to steroids is excellent, with subsidence of 
headache, myalgia, and visual symptoms and return to 
normal of the ESR within a few days. In a small 
proportion of cases with widespread systemic involve- 
ment, the course is progressively downhill with a fatal 
outcome. 


Inflammation—The Vasculitides 


Figure 12-22. Temporal giant cell arteritis. Circumferential giant cells mark location of degenerated 
internal elastic membrane. 
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TAKAYASU’S ARTERITIS 


A partial list of the descriptive terms by which this 
rare disorder has been known includes aortic arch 
syndrome, pulseless disease, primary aortitis, aortitis 
syndrome, giant cell arteritis of the aorta, and non- 
syphilitic aortitis. The multiplicity of terms indicates 
the initial state of confusion about the precise nature of 
this disorder, and its differentiation from atherosclerotic 
or syphilitic involvement of the aortic arch. The entity, 
however, is now firmly established, ” and named after 
Takayasu, who in 1908 brought to attention a clinical 
syndrome characterized principally by ocular distur- 
bances and marked weakening of the pulses in the upper 
extremities. He related these findings to fibrous thick- 
ening of the aortic arch with narrowing or virtual 
obliteration of the origins of the great vessels arising in 
the arch. A significant number of well-studied cases 
have since been reported from Japan, Korea, South 
Africa, Thailand, Sweden, England, and Mexico, with 
surprisingly few examples from the United States and 
Canada. The illness is seen predominantly in the 10- to 
50-vear old age group; children 3 to 4 vears old can be 
affected, and 90% of patients are under the age of 30. 
There is a striking predilection for females, in the range 
of 80 to 90%. 

ETIOLOGY AND PATHOGENESIS. Early studies called 
attention to a positive tuberculin test and pulmonary 
tuberculosis in a large proportion of cases, a finding 
confirmed in a large series in Mexico.*? However, nei- 
ther tubercle bacilli nor other microorganisms have been 
identified in the lesions. Circulating antiartery antibod- 
ies have been identified in some cases, raising the 
possibility of an immunologic causation, but these anti- 
bodies could represent a secondary response to some 
primary form of arterial injury. Other features suggest 
a relationship to the connective tissue diseases of pre- 
sumed immunologic etiology, such as the predilection 
for vounger females, occasional positive tests for the 
rheumatoid and LE cell factors, and hyperglobulinemia. 
Genetic factors are suggested by increased incidence of 
some haplotvpes (e.g., HLA-B5) in affected individuals 
and reports of the disease in monozygotic twins. But at 
present the disorder is best considered as idiopathic. 


MORPHOLOGY. Although Takayasu’s arteritis classi- 
cally involves the aortic arch, in 32% of cases it also affects 
the remainder of the aorta and its branches, and in 12% it 
is limited to the descending thoracic and abdominal aorta. 
The gross morphologic changes comprise, in most cases, 
irregular thickening of the aortic wall with intimal wrinkling. 
When the aortic arch is involved, the orifices of the major 
arteries to the upper portion of the body may be markedly 
narrowed or even obliterated, accounting for the designation 
pulseless disease. In approximately 50% of cases the 
pulmonary artery is also affected. Histologically, the early 
changes consist of an adventitial mononuclear infiltrate with 
perivascular cuffing of the vasa vasorum, changes similar to 
those of syphilitic aortitis. However, unlike the luetic lesion, 
the adventitial changes are accompanied by a diffuse mono- 
nuclear infiltration in the media. In some cases, granuloma- 
tous changes appear within the media, replete with Lang- 


hans’ giant cells and central necrosis, producing more than 
a casual similarity to tuberculosis or giant cell arteritis. Later 
stages show extensive fibrosis of the media and marked 
acellular collagenous thickening of the intima. The fibrosing 
reaction thickens the wall of the aorta and extends into the 
proximal segments of the aortic branches, reducing their 
lumina to tiny, slitlike orifices. 


CLINICAL Course. The salient clinical features in- 
clude weakening of the pulses of the upper extremities; 
a marked drop in blood pressure in the upper extremi- 
ties, often accompanied by elevation in the pressure in 
the lower extremities (sometimes inappropriately re- 
ferred to as “reversed coarctation’); ocular disturbances 
including visual defects, retinal hemorrhages, and total 
blindness; and various neurologic deficits, ranging from 
dizziness and focal weaknesses to complete hemiparesis. 
In two-thirds of these patients, the vascular manifesta- 
tions are preceded by a long prodrome of nonspecific 
malaise, low-grade fever, weight loss, polyarthralgia, 
muscle pains, and nausea lasting for a period of weeks 
to months. Hypertension is not infrequent and may well 
be due to involvement of the mouths of the renal 
arteries. The most common cause of death is heart 
failure, or it may be termed an unexplained sudden 
death, the latter probably related to rupture of aortic 
aneurysms in patients with hypertension. The course of 
the disease is quite variable, and if the patient survives 
the first year or two of illness, the fibrotic quiescent 
stage may ensue and permit long survival, albeit with 
distressing neurologic and visual impairments. 


KAWASAKI’S DISEASE (MUCOCUTANEOUS 
LYMPH NODE SYNDROME) 


This acute illness of young children and infants is 
manifested by fever, conjunctival and oral erythema and 
erosions, a skin rash, and enlargement of lymph nodes. 
In 1 to 2% of patients, death is caused by severe 
vasculitis involving the coronary arteries.” The disease 
is of epidemic prevalence in Japan, but has also been 
reported in Hawaii and is being described in increasing 
numbers in the United States. A viral etiology is sus- 
pected, but no definite agent is incriminated (p. 291). 
Although up to 70% of children may show clinical 
evidence of cardiac involvement, including coronary 
aneurysms (shown by angiography), the illness is self- 
limited in the vast majority of patients. Fatalities are all 
due to coronary arteritis with superimposed thrombosis 
or ruptured coronary artery aneurysm. Histologically 
the vasculitis resembles PAN, consisting of necrosis and 
pronounced inflammation affecting the entire thickness 
of the vessel wall.” Tliac and other large arteries are 
involved less frequently. 


THROMBOANGIITIS OBLITERANS 
(BUERGER’S DISEASE) 


This is a distinctive disease characterized by seg- 
mental, thrombosing, obliterative, acute and chronic 


inflammation of intermediate and small arteries and 
veins of the extremities that occurs almost exclusively 
in men who are heavy cigarette smokers.“ It must be 
differentiated from the other more common causes of 
peripheral vascular disease, such as atherosclerosis, 
thromboembolism, and diabetic vascular disease.” 
Buerger’s disease begins before the age of 35 years in 
most patients and before 20 years in some. In many it 
affects the arms as well as the legs. Remission and 
relapses correlate with cessation or resumption of smok- 
ing. Patients experience excruciating pain out of pro- 
portion to that found in other forms of peripheral 
vascular disease.” In many it is associated with migra- 
tory thrombophlebitis, but it is not associated with 
diabetes mellitus, hypercholesterolemia, or heart dis- 
ease that might be the source of emboli. 

ETIOLOGY AND PATHOGENESIS. The relationship to 
cigarette smoking is one of the most consistent aspects 
of this disease. Most patients are heavy smokers, and 
most are benefited when they stop smoking. Several 
possibilities have been postulated for this association. 
Some tobacco products (carbon monoxide) may be di- 
rectly toxic to vessels, mainly endothelial cells; cigarette 
smoking may affect catecholamine metabolism and thus 
cause vasoconstriction, which predisposes to vascular 
injury; carbon monoxide may affect oxygen dissociation 
from the hemoglobin in peripheral tissues and lead to 
vascular ischemia; and a hypercoagulable state may lead 
to thrombosis. Of interest is the recent demonstration 
of cell-mediated immune hypersensitivity to types II 
and III collagen in these patients,*° raising the question 
of immunologic factors in the pathogenesis of this dis- 
ease. 

The disease is rare in the U.S. and Europe, but 
more common in Israel, Japan, and India. Genetic 
predisposition is further suggested by the increased 
prevalence of HLA-A9 and HLA-B5 in patients with 
Buerger’s disease.*” It may be, then, that exposure of 
susceptible genotypes to tobacco is the precipitating 
cause of this disorder, that cellular hypersensitivity to 
collagen contributes to vascular damage, and that hor- 
monal influences explain the marked predilection for 
men. 


MORPHOLOGY. The lesions are sharply segmental and 
usually begin in arteries of small and medium size. It should 
be noted that, in contrast to atherosclerosis, Buerger’s 
disease predominantly affects the medium and small arteries 
and only occasionally the larger arteries. Both upper and 
lower extremities are affected, in contrast to AS, which 
usually spares the upper extremities. After the arterial in- 
volvement, the accompanying veins and adjacent nerves 
are often secondarily affected, leading to progressive fibrous 
encasement of these three structures. 

Only relatively few early lesions have been available for 
study because most of the pathologic specimens have been 
obtained from extremities amputated after a long chronic 
course of the disease. The acute involvements of either 
artery or vein are characterized by polymorphonuclear infil- 
tration of all coats of the vessel wall, together with mural or 
occlusive thrombosis of the lumen. Small microabscesses 
within the thrombus create a pattern quite distinct from 
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Figure 12-23. Thromboangiitis obliterans. Vessel lumen (L) (left 
lower corner) is occluded by a thrombus containing two abscesses 
(arrows). Vessel wall (above) is infiltrated with leukocytes. 


the bland thrombosis of AS (Fig. 12-23). These abscesses 
have a central focus of polymorphonuclear leukocytes sur- 
rounded by a fibroblastic, epithelioid-cell granulomatous en- 
closing wall that often contains Langhans’-type giant cells. 
In time, the thrombus undergoes organization and recanali- 
zation, and the small microabscesses are replaced by fi- 
brosing granulomas. 


CLINICAL CouRSE. The anatomic changes have 
many etiologic and clinical implications. The impression 
cannot be escaped that Buerger’ss disease begins in 
young males as an inflammatory process within the 
thrombus rather than within the arterial wall. It is true, 
of course, that over the years of recurrence of Buerger’s 
disease, AS may develop in such vessels and may make 
differentiation of Buerger’ss disease from AS difficult. 
These patients suffer from vascular insufficiency that 
often leads to gangrene of the extremities.°” Severe pain 
is common in the affected parts, in contrast to the 
relative painlessness of atherosclerotic occlusion. Absti- 
nence from cigarette smoking is mandatory for these 
patients. 


VASCULITIS ASSOCIATED WITH OTHER 
UNDERLYING DISORDERS 


Vasculitis may sometimes be associated with an 
underlying disorder, such as an immunologic connective 
tissue disease, or a remote malignancy, or such systemic 
illnesses as mixed cryoglobulinemia and Henoch-Schén- 
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lein purpura. The vasculitis is usually of the hypersen- 
sitivity angiitis pattern (p. 522), but may resemble classic 
PAN in some cases. 

Of the connective tissue disorders, rheumatoid ar- 
thritis and SLE most commonly manifest a vasculitis. 
Rheumatoid vasculitis affects small and medium-sized 
arteries in multiple organs and may result in life- 
threatening visceral infarction. It occurs predominantly 
after long-standing rheumatoid arthritis in patients who 
also exhibit rheumatoid nodules, hypocomplementemia, 
and high titers of rheumatoid factor. Vasculitis in SLE 
is usually confined to smaller vessels of the skin, al- 
though immunoglobulin deposits can be demonstrated 
in vessels of many organs (see also p. 183). Malignancies 
associated with vasculitis are most commonly of the 
lymphoproliferative type. 

In concluding this discussion of the necrotizing 
vasculitides, it is obvious that they represent a hetero- 
geneous group of syndromes that have in common, 
besides the vascular involvement, strong evidence for 
an immunologic basis. There is a great deal of overlap 
in morphologic and clinical manifestations among the 
disorders. Overlapping cases are sometimes referred to 
simply as “systemic necrotizing vasculitis.” It may well 
be that the differences in specific organs involved, the 
size of the vessel affected, and the histologic picture 
reflect the nature of the antigen, the degree and chron- 
icity of antigen exposure, the relative contribution of 
immune complex— versus cell-mediated mechanisms of 
injury, and the genetic variability among patients. 
Nevertheless, proper recognition of some of the subsets 
of vasculitis is of therapeutic import, as exemplified by 
the dramatic response of Wegener’s granulomatosis to 
specific therapy with cyclophosphamide. Table 12-4 
provides salient features of the major forms of vasculitis. 


BLOOD VESSELS 


INFECTIOUS ARTERITIS 


Most instances of this condition are caused by the 
direct invasion of bacteria from a neighboring infection. 


These lesions are associated with necrotizing inflam- 
mation and are frequently encountered in bacterial 
pneumonia, adjacent to cascous tuberculous reactions, 
in the neighborhood of abscesses, and in the superficial 
cerebral vessels in cases of meningitis. Much less com- 
monly, they arise from the hematogenous spread of 
bacteria, a pathway that presumably accounts for the 
seeding of the aortic wall in cases of septicemia or 
infective vegetative endocarditis. The resultant inflam- 
mation in this circumstance is specifically designated as 
infective endaortitis. Such lesions may cause rupture or 
produce weakening of the aortic walls in the formation 
of a mycotic aneurysm. 


The vascular inflammation is completely nonspecific in 
character, with edema, fibrin precipitation, and leukocytic 
infiltration in the affected arterial wall. Exudate may layer the 
endothelial surface and predispose to intravascular throm- 
bosis or even rupture of the artery. The inflammatory involve- 
ment usually extends into the perivascular tissues. If the 
inflammatory reaction is prolonged, fibroblastic scarring may 
eventually cause narrowing and sometimes total obliteration 
of the vascular lumen. 


Clinically, infectious arteritis may be important on 
several counts. By inducing thrombosis, it adds an 
element of infarction to tissues that are already the seat 
of inflammatory reaction and may therefore materially 
worsen the initial infection. In bacterial meningitis, for 
example, inflammation of the superficial vessels of the 
brain may predispose to vascular thromboses, with 
subsequent infarction of the brain substance and exten- 
sion of the subarachnoid infection into the brain tissue. 
In tuberculous meningitis, it is the vascular involvement 
that leads to the most serious sequelae. However, 
although such arterial lesions undoubtedly occur com- 
monly in any type of infectious disease, they usually 
involve small rather than large arteries and are of little 
consequence except in the occasional case. 

Syphilitic vasculitis may take one of many forms. 
During the tertiary stage of syphilis, aortitis and aneu- 


Table 12-4. CHARACTERISTICS OF SOME SYSTEMIC VASCULITIDES 


Angiitides Vessels Involved 


Polyarteritis nodosa Muscular arteries 


sites 


Small venules, 
capillaries, arterioles 


Hypersensitivity 
anglitis 


Giant cell arteritis Muscular arteries 


(temporal arteritis) 


Small arteries and 
veins 


Wegener's 
granulomatosis 


Buerger’s disease Arteries, veins, nerves 


Organ or Tissue Affected 


Gastrointestinal tract, mesentery, 
liver, gallbladder, kidney, 
pancreas, lung, muscles, other 


All organs and tissues (skin, 
muscles, heart, kidneys, lungs) 


Usually temporal, ophthaimic and 
cranial arteries; may be systemic 


Lungs, kidneys, upper respiratory 
tract; occasionally systemic 


Extremities, viscera uncommonly 


Principal Morphologic Features 


Lesions of varying ages; all layers of vessels 
with acute fibrinoid necrosis and extensive 
periarterial inflammation 


Acute necrotizing vasculitis with fibrinoid 
necrosis of entire wall; often thrombosis of 
lumen 


Disruption of elastic lamina with most intense 
reaction in intimal medial layers; giant cells 
engulf elastic fiber fragments; occasionally 
thrombosis of lumen 


Acute necrotizing vasculitis with fibrinoid 
necrosis of vessel wall; often proximate to 
granulomas in tissues 


Thrombosis with microabscesses; acute 
inflammation permeates wall artery, but 
preserves underlying architecture 


rysm formation may develop (p. 531). In a much more 
rare form of aortitis, known as gummatous aortitis, 
gummas develop within the wall of the aorta, usually in 
the ascending portion of the arch. Small vessel lesions 
(obliterative endarteritis) may also occur and may de- 
velop in any stage of acquired or cou.genital lues. This 
vasculitis consists of an adventitial inflammation, which 
is classically characterized by lymphocytic and plasma 
cell perivascular cuffing of the vasa vasorum. Although 
spirochetes must be present, they are extremely scant. 
Syphilitic vasculitis in the small vessels of the meninges 
may cause serious brain damage. 


RAYNAUD’S DISEASE AND 
RAYNAUD’S PHENOMENON 


Raynaud's disease is a functional vasospastic dis- 
order affecting the small arteries and arterioles of the 
extremities, occurring primarily in young, apparently 
healthy women. It affects the small arteries and arter- 
ioles of the extreme periphery of the body (acral parts), 
most commonly the fingers and hands but occasionally 
the tip of the nose and the feet. Cold and emotional 
stimuli trigger the response, and the fingers become 
white, then blue, and finally red. The disease usually 
follows a benign course, but in long-standing, chronic 
cases trophic changes develop causing atrophy of the 
skin, subcutaneous tissue, and muscles. Ulceration and 
frank ischemic gangrene are rare. The etiology is un- 
known but is postulated to be related to some form of 
hyperlability of the autonomic innervation of the affected 
vessels. The symptoms are due to vasoconstriction; thus, 
true organic changes within the vessel wall are absent. 
In long-standing cases, secondary intimal thickening 
and endothelial proliferation may occur. 

It is important to distinguish Raynaud's disease 
from Raynaud's phenomenon. The latter is also charac- 
terized by cold sensitivity pain, and color changes in 
the skin, but it is always secondary to some underlying, 
often serious disorder causing an organic lesion in the 
arterial wall, Raynaud's phenomenon is most often 
associated with arteriosclerosis, connective tissue dis- 
eases (scleroderma and SLE being the most common), 
thromboangiitis obliterans (Buerger’s disease), cryoglob- 
ulinemia, ingestion of drugs (such as the ergotamine 
preparations), lead poisoning, occupational and indus- 
trial exposure to vibratory tools, primary pulmonary 
hypertension, and (rarely) cases of occult carcinoma. 
Raynaud's phenomenon may be the first manifestation 
of such underlying diseases. Trophic changes, ulcera- 
tions, and gangrene may develop.” 

The relationship of Raynaud’s phenomenon to scle- 
roderma deserves emphasis. Raynaud’s phenomenon 
may precede the skin changes by months or even years. 
In some of these patients, Raynaud’s phenomenon is 
associated with sclerosis of the fingers, together with 
ulceration developing on the digital pulp or along the 
side of the nail. This condition is called acrosclerosis, a 
form of localized scleroderma (p. 193). However, about 
20% of these patients eventually develop systemic scle- 
roderma. 
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Aortic Aneurysms 


AORTIC ANEURYSMS 


One of the most striking results of all forms of 
vascular disease is the formation of an aneurysm.” An 
aneurysm is a localized abnormal dilatation of any 
vessel. Aneurysms may occur in any artery or vein of 
the body, but are most common and most significant in 
the aorta. Aortic aneurysms produce serious clinical 
disease and often cause death by rupture. 

Aneurysms may be classified by their location, 
etiology, or gross appearance. According to location, an 
aneurysm should be listed as arterial or venous, indi- 
cating the specific vessel affected (e.g., splenic artery 
or popliteal vein), and, when possible, further localized 
to the precise site (e.g., the transverse portion of the 
arch of the aorta, the descending thoracic aorta, or the 
lower abdominal aorta). With respect to etiology, aneu- 
rysms may be classified according to, when known, the 
specific nature of the vascular damage that leads to the 
aneurysmal dilatation. Virtually any vascular disease 
discussed here may, under special circumstances, pre- 
dispose to aneurysmal dilatation of arteries or veins; 
however, the three most important causes are arterio- 
sclerosis, syphilis, and cystic medial necrosis, the last 
to be described under the heading “dissecting aneu- 
rysm. These disorders are responsible for almost all 
aortic aneurysms. Less commonly, aneurysms of smaller 
vessels are caused by polyarteritis nodosa; trauma lead- 
ing to arteriovenous aneurysm; a congenital defect, such 
as that producing berry aneurysms in the brain; and 
infections that significantly weaken vascular walls, caus- 
ing so-called mycotic aneurysms. 

The classification of aneurysms by gross appearance 
attempts to characterize the macroscopic shape and size 
of the aneurysmal dilatation. A berry aneurysm refers 
to a small, spherical dilatation rarely exceeding a di- 
ameter of 1 to 1.5 cm. A saccular aneurysm might be 
described as a giant berry aneurysm. These dilatations 
usually are essentially spherical and vary in size up to 
huge structures 15 to 20 cm in diameter. In their more 
usual distribution, saccular aneurysms are frequently 5 
to 10 cm in diameter. The aneurysmal sac is connected 
to the vessel lumen by a mouth that varies in size but 
may have the same diameter as the aneurysmal dilata- 
tion. Characteristically, these aneurysms are partially or 
completely filled by thrombus. Usually the thrombus is 
laid down in progressive layers and is thus clearly 
laminated (lines of Zahn). In many, the oldest region is 
adjacent to the vessel wall and the freshest accretion is 
on the surface. In some cases, the thrombus may be 
poorly attached to the vessel wall and, by the contraction 
of the blood clot, may produce a thin, cleftlike space 
between the clot and the vessel into which fresh blood 
seeps so that the oldest portion of the thrombus is in 
contact with the flow of blood. 

In fusiform aneurysm there is gradual, progressive 
dilatation of the vessel lumen. These aneurysms then 
take on a spindle shape, and the aneurysmal lumen is 
in direct continuity with the vascular lumen. Frequently 
these fusiform dilatations are eccentric so that one aspect 
of the wall is more severely affected. The fusiform 
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aneurysm varies in diameter (up to 20 cm) and in length; 
many involve the entire ascending and transverse por- 
tions of the aortic arch, while others may extend over 
large segments of the abdominal aorta. Dissecting aneu- 
rysm refers to the condition in which blood enters the 
wall of the artery, dissecting between its layers and 
creating a cavity within the vessel wall (p. 532). 

On the basis of these classifications, it is possible 
to characterize an aneurysm fairly specifically as, for 
example, a congenital berry aneurysm of the anterior 
cerebral artery or an arteriosclerotic fusiform aneurysm 
of the lower abdominal aorta. 

Attention may now be turned to a more detailed 
consideration of arteriosclerotic, syphilitic, and dissect- 
ing aneurysms of the aorta. 
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ARTERIOSCLEROTIC (ATHEROSCLEROTIC) 
ANEURYSMS 


With the decreasing incidence of tertiary syphilis, 
this type of aortic aneurysm has replaced the syphilitic 
aneurysm as the most common form. Such aneurysms 
rarely develop before the age of 50 and are much more 
common in males, in the ratio of 5 to 1. They usually 
occur in the abdominal aorta or common iliac arteries, 
but they occasionally affect the ascending arch and 
descending parts of the thoracic aorta. Luetic aneurysms 
are extremely infrequent in the abdominal aorta, and 
all fusiform, cylindroid, or saccular aneurysms of the 
abdominal aorta should be considered to be arterioscle- 
rotic until proved otherwise. 


Arteriosclerotic aneurysms are usually positioned below 
the renal arteries and above the bifurcation of the aorta (Fig. 
12-24). Not infrequently, they are accompanied by smaller 
fusiform or saccular dilatations of the iliac arteries (Fig. 12— 
25). The genesis of these aneurysms is severe atheroscle- 
rosis, with consequent thinning and destruction of the media. 
With this severe atherosclerosis, it is very common to find 
atheromatous ulcers within the aneurysm, covered by mural 
thrombi. Sometimes the entire aneurysmal dilatation is filled 
with thrombus. Such mural thrombi are prime sites for the 
formation of emboli that lodge in the vessels of the lower 
extremity. 

Occasionally the aneurysm may affect the take-offs of 
the renal, superior, and inferior mesenteric arteries, either 
by producing direct pressure on these vessels or by narrow- 
ing or occluding their ostia with mural thrombi. Aneurysms 
give rise to clinical symptoms by various secondary effects: 
(1) rupture into the peritoneal cavity or retroperitoneal tis- 
sues, with massive or fatal hemorrhage; (2) impingement 
upon an adjacent structure, such as compression of a ureter 
or erosion of vertebrae; (3) occlusion of a vessel by either 
direct pressure or mural thrombus formation, particularly the 
vertebral branches that supply the spinal cord; (4) embolism 
from the mural thrombus; and (5) presentation as an abdom- 
inal mass that simulates a tumor. 


All reports agree that large arteriosclerotic aneu- 
rysms materially shorten longevity. Most fatalities result 
from rupture, a danger directly related to the size of 
the aneurysm. Patients with aneurysms less than 6 cm 


Figure 12—24. Atherosclerotic aneurysm of abdominal aorta situated 
below renal arteries and above iliac bifurcation. Atherosclerosis 
throughout aorta is far advanced. Some mural thrombus layers back 
wall of aneurysm. 


in diameter rarely die of rupture, whereas 50% of those 
with aneurysms 6 or more cm in diameter suffer fatal 
rupture within a ten-year period of follow-up. On this 
basis, most workers agree that, when discovered, large 
aneurysms should be replaced with prosthetic grafts. 
For abdominal aortic aneurysms, operative mortality for 
unruptured aneurysms is only 5%, whereas emergency 
surgery after rupture carries a mortality rate of more 
than 50%. 


Figure 12—25. Arteriosclerotic saccular aneurysm of common iliac 
artery filled with laminated thrombus. 


SYPHILITIC (LUETIC) ANEURYSMS AND HEART 
DISEASE 


Syphilitic (luetic) aneurysms are almost always con- 
fined to the thoracic aorta and usually involve the arch. 
The ascending and transverse portions of the arch are 
favored sites, but the dilatation may extend distally to 
the level of the diaphragm and, even more important, 
proximally to the level of the aortic valve. By virtue of 
dilatation of the ring, the aortic valve may become 
incompetent, leading to luetic heart disease. At one 
time, lues accounted for the majority of aneurysms of 
the thoracic aorta, but with the decline in cases of 
tertiary lues, atherosclerosis and cystic medial necrosis 
now predominate. Unhappily, the increased incidence 
of syphilis in the past two decades may result in a 
resurgence of cases in the future. As discussed on page 
337, cardiovascular involvement appears during the 
tertiary stage of syphilis. 


Syphilitic aneurysms vary in gross appearance to en- 
compass the saccular, fusiform, and cylindroid types (Fig. 
12-26.) Many times the aneurysmal masses achieve a 
diameter of 15 to 20 cm or even larger. Their development 
is based on the medial destruction characteristic of tertiary 
luetic aortitis. The inflammatory involvement begins in the 
adventitia of the aorta, particularly involving the vasa vaso- 
rum with the production of obliterative endarteritis rimmed 
by an infiltrate of lymphocytes and plasma cells. The narrow- 
ing of the lumina of the vasa causes ischemic injury to the 
aortic media, with patchy uneven loss of the medial elastic 
fibers and muscle cells followed by inflammatory scarring 
and vascularization of the damaged media (Fig. 12-27). The 
focal areas of scarring may appear as subintimal or intimal 


Figure 12—26. Advanced atherosclerosis superimposed on luetic 
aortitis. The ascending arch is widened and thrown into irregular 
folds by aneurysm dilatation. 
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Figure 12-27. Luetic aortitis with scarring and vascularization of 
media. 


pearly-gray plaques that tend to encircle the mouths of 
exiting small aortic branches, e.g., the coronaries and inter- 
costals. Contraction of fibrous scars may lead to wrinkling 
of intervening segments of aortic intima, producing what has 
been called “tree-barking.” Luetic involvement of the aorta 
favors the development of superimposed atherosclerosis, 
inducing sometimes florid atheromatosis of the aortic root 
(rarely seen in the absence of luetic aortitis). 

When luetic aortitis involves the aortic valve ring, it 
dilates, causing valvular insufficiency. The circumferential 
stretching of the valve leaflets narrows them and widens the 
interleaflet commissures. Over the course of time, the re- 
gurgitant turbulence produces thickening and rolling of the 
free margins, worsening the valvular incompetence (Fig. 12— 
28). As a consequence, the left ventricular wall undergoes 
volume overload hypertrophy, sometimes producing a mas- 
sively enlarged heart (600 to 1000 gm), descriptively referred 
to as “cor bovinum.” 

There are many potential sequelae to syphilitic aortitis 
and heart disease. The expansile pulsating aneurysms may 
cause erosion of ribs and vertebral bodies. Involvement of 
the aortic valve may lead to congestive heart failure. Death 
may be caused by sudden rupture of the aneurysm into the 
pericardial sac, pleural cavities, bronchi, trachea, or esoph- 
agus, or may be due to cardiac failure. 


Thoracic aneurysms are much more prone to be 
associated with striking clinical manifestations than are 
the arteriosclerotic abdominal aneurysms. Within the 
confined space of the thoracic cage, these enlargements 
give rise to signs and symptoms referable to (1) en- 
croachment on mediastinal structures, (2) respiratory 
difficulties due to encroachment on the lungs and air- 
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Figure 12-28. Luetic involvement of aorta and aortic valve. Opaque white plaques in aorta are intimal 


scars. Valve leaflets are rolled and thickened. 


ways, (3) difficulty in swallowing due to compression of 
the esophagus, (4) persistent cough due to irritation of 
or pressure on the recurrent laryngeal nerves, (5) pain 
caused by erosion of bone (i.e., ribs and vertebral 
bodies), and (6) cardiac disease as the aneurysm leads 
to dilatation of the aortic valve or narrowing of the 
coronary ostia. Many patients with luetic aneurysms die 
of cardiac decompensation secondary to the luetic in- 
volvement of the aortic valve, unless the incompetent 
valve is surgically replaced. 


DISSECTING ANEURYSMS (AORTIC DISSECTION 
OR DISSECTING HEMATOMA) 


Once thought to be rare, dissecting aneurysm is 
now considered to be the most common catastrophic 
illness involving the aorta, being two or three times 
more frequent than ruptured abdominal aortic aneu- 
rysm.°*** At least 2000 new cases per year are reported 
in the United States, but the condition is often unrec- 
ognized, so that the true prevalence must be substan- 
tially higher.'®° It is a dramatic illness in which, if 
untreated, the risk of death is 35% within 15 minutes 
after onset of symptoms and 75% by one week. Happily, 
these figures have improved considerably with early 
recognition and treatment. 

As the name implies, these aneurysms are charac- 
terized by dissection of blood along the laminar planes 
of the aortic media, with the formation of a blood-filled 
channel within the aortic wall.'°* They differ from the 
luetic and atherosclerotic aneurysms in that they are 
not usually associated with marked dilatation of the 
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aorta. For this reason, the terms “aortic dissection’ or 
“dissecting hematoma’ are preferable. The condition 
most commonly occurs in the 40- to 60-year age group 
and is two or three times more frequent in men within 
this group. However, below age 40 the male/female 
distribution is equal, owing principally to the occurrence 
of dissections in women during pregnancy. Hyperten- 
sion is almost invariably an antecedent (in 94% of cases) 
and may well play an important role in initiating the 
intramural hemorrhage. 


The hemorrhage in dissecting hematomas occurs 
quite characteristically between the middle and outer 
thirds of the media (Fig. 12-29). The intimal tear, pre- 
sumably the origin of dissection, is found in the as- 
cending portion of the arch in 90% of cases, usually 
within 10 cm of the aortic valve. The tears are usually 
transverse or oblique, 4 to 5 cm in length, and have sharp 
and clean but jagged edges (Fig. 12-30). The dissection 
then extends proximally toward the heart, as well as distally 
along the aorta to variable distances, sometimes all the way 
into the iliac and femoral arteries (Fig. 12-31). In some 
instances, the blood reruptures into the lumen of the aorta, 
producing a second or distal intimal tear. The site of such 
reentry is most often the iliac vessels, followed by neck 
vessels. Five to 10% of dissecting aneurysms, however, 
do not have an obvious intimal tear, either proximally or 
distally. 

Many times the dissection extends into the great vessels 
of the neck and, in other instances, into the coronary, renal, 
mesenteric, and iliac arteries (Fig. 12-32). The extravasation 
may completely encircle the aorta or may extend along one 
segment of the circumference. Infrequently the dissection is 
very short, and the extravasation almost directly penetrates 
the entire thickness of the aorta to cause immediate rupture. 
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Figure 12-29. Dissecting aneurysm of aorta. The advancing dis- 
section is cleaving laminar planes of media. 


Eventually, in almost all fatal dissections, external hem- 
orrhage occurs into the periadventitial tissues or into 
surrounding structures or cavities. 

At postmortem examination, the most common precipi- 
tating cause of death is rupture of the dissection into any of 
the three body cavities, i.e., pericardial, pleural, or peritoneal. 
Quite rarely, cases are discovered in which a new vascular 
channel has apparently been formed within the media of the 
aortic wall that connects the proximal and distal intimal tear. 
It is assumed that in these double-barreled aortas, the two 
intimal tears have permitted the establishment of a through- 
and-through blood flow and thus averted a fatal extra-aortic 
hemorrhage. in the course of time, such false channels may 
become endothelialized, and such favored and unusual 
patients may die of completely unrelated causes. 


DeBakey and associates’ initially divided these 
aneurysms into three types, on the basis of the extent 
of dissection, but most workers now use a two-type 
classification (Fig. 12-31); (1) Type A or proximal dis- 
sections involve the ascending aorta or the ascending 
and descending aorta (Types I and II of DeBakey’s 
classification) and are the most common and lethal type; 
(2) Type B or distal dissections do not involve the 
ascending aorta and usually begin just distal to the 
subclavian artery, extending only downward into the 
descending and abdominal aorta. 
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Figure 12-30. Irregular, jagged transverse tear in intima in a 
dissecting aneurysm. 


PATHOGENESIS. Two questions arise concerning the 
pathogenesis of dissecting aneurysms. First, what causes 
the media of the aorta to weaken, allowing blood to 
dissect into the wall; second, what causes the hemor- 
rhage and intimal tears? !°° 

In most patients with dissecting aneurysm, the 
media shows a variety of histologic changes that could 
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Figure 12-31. DeBakey classification of dissections into Types |, Il, 
and Ill, respectively, from left to right. In the newer classification, 
Types | and Il are combined into Type A (involving ascending aorta) 
and Type Ill is designated Type B not involving ascending aorta. 
(From Anagnostopoulos, C. E.: Acute Aortic Dissections. Baltimore, 
University Park Press, 1975.) 
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Figure 12-32. Cross section of common carotid with extension of 
a dissecting aneurysm and collapse of vessel lumen. 


conceivably weaken the wall, but controversy exists 
about the specificity of these lesions and their role in 
causing dissection.’ The most widely known lesion is 
so-called cystic medial necrosis or Erdheim’s mucoid 
degeneration, which consists of the accumulation of 
basophilic amorphous inaterial in the media, often with 
formation of cystlike mucoid pools. The media in these 
focal areas may show loss of cells, hence the term 
necrosis, but there is no inflammatory response. Elastic 
fragmentation occurs in 95% of patients and medial 
fibrosis in 60%.'“ These changes involve the muscu- 
loelastic media of the aorta and less commonly the 
coronary arteries and major branches of the aorta. The 
problem with these changes is that they are frequently 
present as a chance postmortem finding in patients who 
are free of dissection, increasing in severity with age 
and possibly in the presence of hypertension.!’? How- 
ever, some of the changes, particularly the elastic frag- 
mentation, are more severe and more widespread in 
patients with dissecting aneurysm. 

The cause or causes of cystic medial necrosis are 
unknown. Erdheim, who described the lesion, thought 
it to be the consequence of hypoxic medial damage 
related to the narrowing of the vasa vasorumn by hyper- 
tensive changes. However, no such lesions in the vasa 
vasorum have been documented. Nonetheless, the fre- 
quent finding of focal medial lesions in the aorta proxi- 
mal to aortic coarctation, where severe local hyperten- 
sion exists, supports some causal relationship between 
hypertension and the development of lesions. Other 
explanations propose biochemical defects in the synthe- 
sis or maintenance of the proteoglycans, collagen, and 
elastic fibers of the tunica media. The relatively high 
incidence of cystic change and dissecting aneurysm in 


patients with the hereditary disorder Marfan's syn- 
drome supports such notions. As described earlier (p. 
137), these patients have a defect in chemically stable 
collagen cross-links,!™ structural defects involving the 
suspensory ligaments of the lens and the capsules of 
joints, excessive height, retinal detachment, and aortic 
regurgitation. The biochemical defect might also be due 
to exogenous influences. Foods rich in beta-aminopro- 
pionitriles derange the normal synthesis of collagen in 
the laboratory animal, and lead to the experimental 
syndrome known as lathyrism. These compounds act by 
inhibiting lysyl oxidase, one of the enzymes responsible 
for cross-linkages that form the basis of the structural 
stability of collagen. Rats fed on a sweet pea meal rich 
in propionitriles often develop a variety of structural 
defects including medial necrosis, and sometimes die of 
dissecting aneurysms. Turkeys also acquire medial ne- 
crosis when treated with estrogens, and it is of interest 
that dissecting aneurysms are more common in women 
during pregnancy. Experimental copper deficiency also 
leads to medial necrosis, and patients with Wilson's 
disease (a metabolic disorder characterized by an excess 
accumulation of copper) treated with a copper-chelating 
agent such as penicillamine sometimes develop medial 
necrosis. 

Granted that ischemic, biochemical, or hydrody- 
namic factors could possibly weaken the vessel wall, 
what causes the intramural aortic hemorrhage? It was 
once thought that the initial hemorrhage occurred in 
the media, from the vasa vasorum, but this seems 
unlikely on morphologic and physiologic grounds.!” 
Favored today is the hypothesis that an intimal tear 
occurs owing to hemodynamic factors accentuated by 
the hypertension. The intima overlying areas weakened 
by the medial degeneration buckles into the lumen, with 
the oncoming pressure wave creating a tendency for the 
buckled wall to be subjected to greater shearing force, 
thus inducing a luminal tear. Once the tear has oc- 
curred, the increased blood pressure present in most of 
these patients enhances dissection into the wall. Indeed, 
as discussed later, aggressive antihypertensive therapy 
is often effective in limiting dissection. 


MORPHOLOGY. The gross morphology was described 
earlier. The characteristic microscopic lesion of cystic me- 
dial necrosis is that of focal separation of the elastic and 
fibromuscular elements of the tunica media by small cleftlike 
or cystic spaces filled with ground substance. In the individ- 
ual foci, the normal lamellar pattern of the elastic media is 
destroyed and is replaced by a poorly defined area of 
increased, slightly basophilic, amorphous material resem- 
bling the ground substance of connective tissue (Fig. 12- 
33). These foci are referred to as cystic, but there are no 
well-defined enclosing walls or sharp delineations. The le- 
sions are haphazardly distributed throughout the thickness 
of the media. Elastic tissue stains are desirable to highlight 
focal areas of apparent destruction or separation of the 
normal lamellae of the medial wall. In addition to the mucoid 
cystic change, fragmentation of elastic tissue lamellae is 
frequently present, even outside areas of well-defined mu- 
coid change. Indeed, the severity of elastic fragmentation 
correlates more consistently with the presence of dis- 
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Figure 12-33. 
by elastic tissue stain. 


section than do the mucoid alterations. Focal fibrosis of 
the media is a third type of histologic change, the significance 
of which is not well understood. 


The clinical manifestations of a dissecting aneurysm 
derive from (1) the dissection itself and (2) problems 
consequent upon occlusion of the arteries arising from 
the aorta. The classic features related to the dissection 
are the sudden onset of excruciating pain, usually be- 
ginning in the anterior chest, radiating to the back, and 
moving downward as the dissection progresses. The 
intensity of this pain is readily confused with that of 
acute myocardial infarction. Helpful in this differentia- 
tion is the fact that, although patients with acute dissec- 
tion may appear to be in shock, they generally have 
normal or elevated systemic arterial pressures in coun- 
terdistinction to the hypotension usually associated with 
myocardial infarction. About 15% of patients have no 
pain and present with sudden onset of congestive heart 
failure associated with aortic valvular incompetence 
resulting from aneurysmal dilatation of the aortic valve 
ring. Such a presentation is characteristic of Type A. 
Unequal pulses and blood pressure between right and 
left extremities, neurologic manifestations, and renal 
failure reflect involvement of the origins of aortic 
branches. 

The antemortem diagnosis of dissecting aneurysm 
and the differentiation of the types are based largely on 
aortic angiography. In some centers, premortem diag- 
nosis is now possible in close to 90% of cases.!” 

At one time, the disease was almost invariably fatal, 
but the prognosis has markedly improved in recent 
years. Two major advances in treatment have been 
achieved: the development of surgical procedures in- 
volving plication of the aortic wall, and the early 
institution of intensive antihypertensive therapy.” ‘°° 
At present, immediate surgery is advocated in nearly 
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Cystic medial necrosis. Large defect in elastic lamellar pattern of media is highlighted 


all Type A dissections, while hypotensive therapy is 
reserved for noncomplicated Type B dissections and as 
an adjunct to surgery. Understandably, the prognosis of 
Type A dissections is much worse. Nevertheless, with 
these regimens, early recognition and treatment permit 
salvage of 65 to 75% of all dissections for two to four 
years, a remarkable achievement compared with the 5% 
one-year survival attained 20 years ago. 


VEINS 


Although diseases of veins are extremely common 
clinical problems, comparatively few entities are re- 
sponsible for this high incidence. Varicose veins and 
phlebothrombosis together account for at least 90% of 
clinical venous disease. In general, the diseases of veins 
are clinically significant on two accounts. First, most of 
these disorders predispose to intravascular thrombosis 
and potential embolism, and since the systemic veins 
are most often affected, pulmonary embolism and in- 
farction are the potential serious sequelae. Second, 
intravascular thrombosis, narrowing, or abnormal dila- 
tation of veins with subsequent incompetence of the 
venous valves all cause venous stasis. A fairly constant 
clinical pattern follows with passive congestion of the 
affected area accompanied often by dusky cyanosis and 
edema. In many cases, venous drainage is restored by 
the opening of collateral bypasses. Often, however, the 
collateral channels create new clinical problems, well 
exemplified by the production of varices in the esoph- 
agus when the portal vein is obstructed. The possibility 
of rupture of the esophageal varices is of far greater 
clinical importance than the underlying cause of the 
portal vein obstruction. On these two scores, diseases 
of veins take on great clinical significance. 
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VARICOSE VEINS 


Varicose veins are abnormally dilated, tortuous 
veins produced by prolonged, increased intraluminal 
pressure. Although any vein in the body may be af- 
fected, the superficial veins of the leg are the prepon- 
derant site of involvement. One special type of varicosity 
is an important clinical problem; portal hypertension 
(usually due to cirrhosis of the liver) leads to varices in 
the esophageal and hemorrhoidal veins (p. 917). 

INCIDENCE. It is estimated that 10 to 20% of the 
general population eventually develop varicose veins in 
the lower legs. It is much more common in the age 
groups ovet 50, in which the incidence may reach a 
figure of 50%. Over the age of 30, females are affected 
four times more commonly than males, a reflection of 
the venous stasis in the lower legs caused by pregnancy. 
In younger individuals there is no striking sex prepon- 
derance. 

PATHOGENESIS. Veins are frail structures that de- 
pend for their integrity on a thin media and the support 
of surrounding structures. A familial tendency toward 
the development of varicosities is postulated to be due 
to defective development of the walls of veins. Obese 
persons have a greater tendency to develop varicosities, 
probably because of the poor tissue support offered by 
the large accumulations of subcutaneous fat. The in- 
crease in the incidence of varicose veins with age is at 
least in part attributable to the loss of tissue tone, 
atrophy of muscles, and senile degenerative changes 
within the wall of the veins. 

The most important influence on intraluminal ve- 
nous blood pressure is posture. When the legs are 
dependent for long periods of time, venous pressures 
in these sites are markedly elevated (the increase has 
been measured to be ten times the normal). Therefore, 
occupations that require long periods of standing and 
long rides frequently lead to marked venous stasis and 
pedal edema, even in normal individuals with essentially 
normal veins (simple orthostatic edema). Any condition 
that compresses or obstructs veins may cause marked 
increases of venous pressure distally, so that pregnancy, 
intravascular thrombosis, and tumor masses that com- 
press or narrow veins all promote the development of 
varicosities. 


Varicose veins occur principally in the superficial 
veins of the body, especially those of the lower extrem- 
ities. The lower extremities are most commonly affected 
because, in the erect position, these vessels are subject to 
the greatest increases of pressure. The affected veins are 
dilated, tortuous, and elongated. There is marked variation 
in the thickness of the wall, with thinning at the points of 
maximal dilatation. When the disease is long-standing, com- 
pensatory hypertrophy of the medial muscle and fibrosis of 
the wall may produce a thick, opaque vessel wall. 

Intraluminal thrombosis and valvular deformities (thick- 
ening, rolling, and shortening of the cusps) are frequently 
discovered when these vessels are opened. These valvular 
changes contribute materially to venous stasis and further 
the development of varicosities and edema. Microscopically, 
the changes consist of variation in the thickness of the wall 


of the vein caused by dilatation on the one hand, and by 
hypertrophy of the smooth muscle and subintimal fibrosis on 
the other hand. Frequently, there is degeneration of the 
elastic tissue in the major veins and spotty calcifications 
within the media (phlebosclerosis). 


CLINICAL CourRSE. Varicose dilatation of veins ren- 
ders the valves incompetent and leads to venous stasis, 
congestion, edema, and thrombosis. In the legs the 
distention of the veins is often painful, but most patients 
have no symptoms until marked venous stasis and edema 
develop. Some of the most disabling sequelae are the 
development of persistent edema in the extremity and 
trophic changes in the skin that lead to stasis dermatitis 
and ulcerations (Fig. 12-34). Because of the impaired 
circulation, the tissues of the affected part are extremely 
vulnerable to injury. Wounds and infections heal slowly 
or tend to become chronic varicose ulcers. Although 
varicose veins frequently thrombose, embolization to 
the lungs from these superficial small vessels is uncom- 
mon. 


PHLEBOTHROMBOSIS AND 
THROMBOPHLESBITIS 


According to current thought, phlebothrombosis 
and thrombophlebitis are two designations for a single 
entity caused by thrombus formation in veins. Throm- 
bosis within a vein inevitably leads to inflammatory 
changes within the vein wall, hence the synonym throm- 
bophlebitis. 


The factors that predispose to venous thrombosis 
and the settings in which it is most often encountered 
have already been considered in the general discussion 
of thrombosis (p. 91). It need simply be reemphasized 
now that cardiac failure (particularly that associated 
with slowed venous return), neoplasia, pregnancy, the 
postoperative state, and prolonged bed rest or immo- 
bilization are the five most important clinical settings 
predisposing to venous thrombosis. The role of contra- 
ceptive pills in thrombosis was discussed earlier (p. 
447). Phlebothrombosis is also commonly encountered 
in superficial varicose veins of the lower extremity. Such 
lesions are painful and sometimes somewhat disabling, 
but do not have the significance of thromboses within 
the deep veins, since they rarely are the origin of 
emboli. 

The deep leg veins account for over 90% of cases 
of thrombophlebitis. Specific mention should be made 
of the periprostatic plexus in the male and the pelvic 
veins in the female as additional moderately common 
sites for the appearance of thrombi. The large veins in 
the skull and the dural sinuses are possible sites of 
thrombosis when these channels become inflamed by 
bacterial infections of the meninges, middle ears, or 
mastoids. Inflammatory diseases in these locations are 
in close physical and vascular continuity with the dural 
sinuses and provide ready pathways for the spread of 
infection. Similarly, infections in the abdominal cavity, 
such as peritonitis, acute appendicitis, acute salpingitis, 
and pelvic abscesses, may lead to inflammation and 
thrombosis of the portal vein or its tributaries. 

CLINICAL Course. Thrombi in the legs tend, on 
the whole, to arise insidiously and to produce in the 
early stages few, if any, signs or symptoms. The local 
manifestations consist of edema distal to the occluded 
vein, dusky cyanosis, and dilatation of superficial veins. 
Sometimes local heat, tenderness, redness, swelling, 
and pain occur. However, even these signs may be 
absent, for when the patient is bedridden and the leg 
remains elevated, edema and congestion may be mini- 
mal or totally absent. Usually, however, in overt cases 
pain can be elicited by pressure over affected veins. In 
involvement of the lower extremities, squeezing the calf 
muscles or forced dorsiflexion of the foot evokes discom- 
fort or pain. Because of the insidiousness of such vascular 
disease, it is necessary to examine vulnerable bedridden 
patients daily for any indications of venous occlusion. 
There are now several noninvasive methods (!"7I-labeled 
fibrinogen; ultrasound; plethysmography) that aid in the 
diagnosis, but venous angiography may have to be 
performed in some cases to establish the presence of 
deep vein thrombosis. 

Not infrequently, the first manifestation of throm- 
bophlebitis is the development of an embolic episode. 
Indeed, pulmonary embolism is one of the most com- 
mon clinical problems, particularly in hospitalized pa- 
tients. At least 50,000 deaths annually in the United 
States can be attributed to pulmonary embolism.!® 

The gravity of the possible consequence of phle- 
bothrombosis strongly influences the management of all 
cardiac, postpartal, and postoperative cases. All such 
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patients are urged to move about constantly in bed, 
perform muscle exercises to stimulate the venous flow 
in the legs, and become ambulatory as soon as is 
clinically feasible. In particularly vulnerable individuals, 
such as those with varicose veins and in the older age 
groups, anticoagulant therapy may be administered 
when long-term bed rest is mandatory. 

Bacterial infection of a thrombus may be a source 
of bacteremia and septic emboli. In the dural sinuses, 
such intravascular infections may spread to cause men- 
ingitis or abscess formations in the contiguous regions 
of the brain. Phlebitis of the portal veins may seed the 
liver with bacteria and produce multiple liver abscesses. 


PHLEGMASIA ALBA DOLENS AND 
MIGRATORY PHLEBITIS 


There are two special variants of primary phlebo- 
thrombosis, both of obscure nature. One is known as 
phlegmasia alba dolens and the other as migratory 
phlebitis. Phlegmasia alba dolens (painful white leg) 
refers to iliofemoral venous thrombosis occurring usually 
in pregnant women in the third trimester or immedi- 
ately following delivery. Because of its association with 
pregnancy, this condition has also been called “milk 
leg.” Classically, marked painful swelling of the lower 
extremity results, but experimental evidence suggests 
that venous stasis alone does not produce such severe 
edema. It is postulated that the thrombus initiates a 
secondary phlebitis, and the perivenous inflammatory 
response induces lymphatic blockage also. The predis- 
position to thrombosis here is attributed to the stasis of 
flow caused by the pressure of the gravid uterus and to 
the development of a hypercoagulable state during 
pregnancy. 

Migratory thrombophlebitis is a term given to the 
appearance of venous thrombi, often multiple, which 
classically disappear at one site only to reappear else- 
where. This curious disorder is usually encountered in 
patients having a deep-seated visceral cancer. This 
association was brought to the attention of the medical 
world by Trousseau, who ironically developed migratory 
phlebitis himself as the first manifestation of his fatal 
pancreatic cancer. With considerable justice, then, mi- 
gratory thrombophlebitis in patients having cancer is 
referred to as Trousseau’s sign. It may be encountered 
with cancer of any viscus in the body, for example, in 
the pancreas, lung, stomach, colon, or kidney. The basis 
of this predisposition to thrombosis has been discussed 
earlier (p. 98). 


LYMPHATICS 


Because of their widespread distribution and im- 
portant role as drainage channels, involvement of the 
lymphatics is almost inevitable in all inflammations and 
whenever tumors metastasize through these vessels. In 
most of these instances, the lymphatic lesions are so 
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small and focal as to have no significance. However, in 
some cases these secondary lesions represent serious 
complications that sometimes overshadow the primary 
disease. 
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LYMPHANGITIS 


Bacterial infections may spread into and through 
the lymphatics to create acute inflammatory involve- 
ments in these channels. The most common etiologic 
agents are the group A béta-hemolytic streptococci, 
although any virulent pathogen may be responsible for 
an acute lymphangitis. Anatomically, the affected lym- 
phatics are dilated and filled with an acute leukocytic 
exudate, chiefly neutrophils and histiocytes. The inflam- 
mation usually extends through the wall into the peri- 
lymphatic tissues. Sometimes the surrounding reaction 
is so extensive as to convert the process into a cellulitis 
or into multiple focal abscesses. The lymph nodes of 
drainage are almost inevitably involved, with changes 
characteristic of acute lymphadenitis. 

Clinically, lymphangitis is recognized by painful 
subcutaneous red streaks that extend along the course 
of lymphatics, with painful enlargement of the regional 
lymph nodes. If the lymph nodes fail to block the spread 
of the bacteria, the infective material may eventually 
drain into the venous system and initiate a bacteremia 
or septicemia. 


LYMPHEDEMA 


Any occlusion of lymphatic vessels is followed by 
the abnormal accumulation of interstitial fluid in the 
affected part, referred to as obstructive lymphedema. 
The most common causes of such lymphatic blockage 
are (1) spread of malignant tumors with obstruction of 
either the lymphatic channels or the nodes of drainage; 
(2) radical surgical procedures with removal of regional 
groups of lymph nodes, e.g., the axillary dissection of 
radical mastectomy; (3) postradiation fibrosis; (4) fila- 
riasis; and (5) postinflammatory thrombosis and scarring 
of lymphatic channels. The morphologic changes within 
the lymphatics consist of dilatation proximal to the points 
of obstruction, accompanied by increases of interstitial 
fluid. Persistence of the edema leads to an increase of 
interstitial fibrous tissue, most evident subcutaneously. 
Enlargement of the affected part, “peau d’orange’ ap- 
pearance of the skin, skin ulcers, and brawny induration 
are sequelae to such lymphedema. Chylous ascites, 
chylothorax, and chylopericardium are caused by rup- 
ture of obstructed dilated lymphatics into the perito- 
neum, pleural cavity, and pericardium. Almost invaria- 
bly, this is due to obstruction of lymphatics by an 
infiltrating tumor mass. | 

Other rare types of lymphedema not secondary to 
any known obstructive disorder also occur, including 
those discussed below. 


Lymphedema Praecox. This is an extremely uncommon 
condition affecting chiefly females between the ages of 
10 and 25, characterized by the progressive onset of 
edema in one or both feet. The edema may remain 
localized to the feet or ankles or, with increasing severity 
of the condition, progress up the extremity into the 
lower trunk or other regions of the body. The edema is 
unremitting and slowly accumulates throughout life. 
The etiology is entirely obscure. The involved extremity 
may increase to many times its normal size, and the 
skin may become thickened and resemble orange peel. 
In some cases, ulcerations develop in the affected skin 
areas. 


Milroy’s Disease. Milroy’s disease resembles lymphe- 
dema praecox but is present from birth and is inherited 
as a mendelian trait. The condition is presumed to be 
caused by faulty development of lymphatic channels, 
possibly with poor structural strength, permitting ab- 
normal dilatation and incompetence of the lymphatic 
valves. In classic Milroy’s disease, the lower extremities 
are the major, and frequently the only, site of involve- 
ment. 


Simple Congenital Lymphedema. This disorder is distin- 
guished from Milroy's disease by the fact that it affects 
only one member of the family, but it is present from 
birth. The anatomic distribution, histologic findings, 
and clinical significance are identical to those of Milroy’s 
disease. 


TUMORS 


Neoplasms of blood vessels present complexities in 
classification and significance. Most of these center on 
three points: (1) Are small vascular lesions, so commonly 
found in infants at birth, true tumors or merely anom- 
alous hamartomas? As many as 70% of benign, focal, 
well-differentiated vascular lesions—hemangiomas and 
lymphangiomas—are present from birth (p. 496). Some 
grow rapidly and regress, others grow slowly and com- 
mensurately with the growth of the child. Are these 
true neoplasms or merely congenital anomalies? (2) How 
does one differentiate tumorous vascular proliferation 
from non-neoplastic vasoproliferations such as are en- 
countered in inflammatory states? Recall that granula- 
tion tissue consists in part of actively budding, growing 
capillaries. Sometimes this vascularization is so abun- 
dant that it may be difficult to differentiate tumor from 
inflammation. Such is the case with the entity desig- 
nated as granuloma pyogenicum, which resembles both 
exuberant overgrowth of granulation tissue and capillary 
hemangioma. (3) How can vascular-derived tumors be 
recognized when the tumors are too undifferentiated to 
form vascular channels? 

Vascular neoplasms are divided into benign and 
malignant on the basis of two major anatomic charac- 
teristics: (1) the degree to which the neoplasm is com- 
posed of well-formed vascular channels and (2) the 


Table 12-5. TUMORS AND TUMOR-LIKE CONDITIONS OF 
BLOOD VESSELS 


1. Benign 
Hemangioma 
Capillary 
Cavernous 
Epithelioid 
Granuloma pyogenicum 
Deep soft tissue hemangiomas 
Glomus tumor 
Vascular ectasias 
2. Intermediate 
Hemangioendothelioma 
Epithelioid hemangioendothelioma 
3. Malignant 
Angiosarcoma 
Hemangiopericytoma 
Kaposi’s sarcoma 


abundance and regularity of the endothelial cell prolif- 
eration. In general, benign neoplasms are made up 
largely of well-formed vessels with a significant amount 
of regular endothelial cell proliferation, while on the 
opposite end of the spectrum, the frankly malignant 
tumors are solidly cellular and anaplastic and reproduce 
scant numbers of only abortive vascular channels. The 
endothelial nature of neoplastic proliferations that do 
not form distinct vascular lumina can sometimes be 
uncovered by finding the endothelial specific Weibel- 
Palade bodies via electron microscopy, or Factor VIII- 
related antigens by immunofluorescence or immuno- 
peroxidase techniques.‘ 

Table 12-5 lists the main types of vascular tu- 
mors.'° Only the more important ones will be de- 
scribed. 


Si 


Figure 12—35. Capillary hemangioma of skin. 


Benign Tumors and Tumor-Like Conditions 


BENIGN TUMORS AND TUMOR-LIKE 
CONDITIONS 
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HEMANGIOMA 


Hemangiomas are extremely common tumors, mak- 
ing up 7% of all benign tumors, and are most common 
in infancy and childhood. There are several histologic 
and clinical variants. 


Capillary Hemangioma 


Capillary hemangiomas are so designated because 
they are composed of blood vessels that, for the most 
part, conform to the caliber of normal capillaries. 
Although any organ or tissue may be involved, they 
usually occur in the skin, subcutaneous tissues, and 
mucous membranes of the oral cavity and lips. They 
may also occur in internal viscera, such as the liver, 
spleen, and kidneys. They are, for the most part, small 
lesions that vary from a few millimeters up to several 
centimeters in diameter. Characteristically, they are 
bright red to blue, on a level with the surface of the 
skin or slightly elevated. Occasionally, pedunculated 
lesions are formed attached by a broad-to-slender stalk 
(Fig. 12-35). The covering epithelium is usually intact, 
but in exposed positions, traumatic ulceration of the 
overlying epithelium may create a weeping, oozing 
lesion that bleeds on slightest trauma. The “strawberry 
type of capillary hemangiomas (juvenile hemangiomas) 
of the skin of newborns grow rapidly in the first few 
months, begin to fade when the baby is 1 to 3 years 
old, and regress completely by age 5 in 80% of cases. 
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On section, the red-blue lesions are usually well 
defined but unencapsulated. Small, finger-like projec- 
tions may extend into surrounding tissue spaces and 
planes of cleavage. This form of growth may create the 
appearance of invasiveness, but clinical experience has 
shown that this pattern of growth is produced by exten- 
sion along planes of least resistance rather than malig- 
nant aggressiveness. Histologically, they are made up 
of closely packed aggregations of thin-walled capillaries, 
separated by scant connective tissue stroma. The chan- 
nels are lined by endothelial cells and are usually filled 
with fluid blood. Many times, the lumina are partially 
or completely thrombosed and organized. Rupture of 
vessels causes further scarring and also accounts for the 
hemosiderin pigment found in occasional instances. 


Cavernous Hemangioma 


Cavernous hemangiomas are distinguished by the 
formation of large, cavernous, vascular channels. Fre- 
quently, numerous small, capillary-like lumina are dis- 
persed among the cavernous channels. The term cav- 
ernous hemangioma should be reserved for those lesions 
that are preponderantly composed of vascular channels 
considerably larger than those of capillary size. These 
hemangiomas often occur on the skin and mucosal 
surfaces of the body but are also found in many viscera, 
particularly the liver, spleen, pancreas, and occasionally 
in the brain. In one rare entity, Lindau—von Hippel 
disease, cavernous hemangiomas occur within the cere- 
bellum or brain stem and eye grounds, along with 
similar angiomatous lesions or cystic neoplasms in the 
pancreas and liver, as well as other visceral neoplasms 
(p. 139). 


Grossly, the usual cavernous hemangioma is a red- 
blue, soft, spongy mass 1 to 2 cm in diameter. On section, 
the lesions are sharply defined and compressible and exude 
blood. Quite rarely, giant forms occur that affect large 
subcutaneous areas of the face, extremities, or other regions 
of the body. Histologically, the mass is sharply defined, but 
not encapsulated, and made up of large, cavernous, vascular 
spaces, partly or completely filled with fluid blood separated 
by a scant connective tissue stroma (Fig. 12-36). Intravas- 
cular thrombosis or rupture of channels may modify the 
histologic appearance. 


In most situations, the tumors are of little clinical 
significance, although, when present in the brain, they 
are potential sources of increased intracranial pressure 
or hemorrhage. 


Granuloma Pyogenicum 
(Granulation Tissue—Type Hemangioma) 


Although the neoplastic nature of this lesion is 
uncertain, it is currently classified as a polypoid form of 
capillary hemangioma.!° The tumors appear as exophy- 
tic red nodules on the skin and gingival or oral mucosa, 
and are often ulcerated. One-third of lesions develop 
after trauma, growing rapidly to reach a maximum size 


of 1 to 2 cm within a few weeks. Histologically, the 
proliferating capillaries are separated by extensive 
edema and an acute and chronic inflammatory infiltrate. 
Thus, the lesions bear a striking resemblance to exu- 
berant granulation tissue. They are benign and most do 
not recur after excision. 

Pregnancy tumor (granuloma gravidarum) is a gran- 
uloma pyogenicum occuring in the gingiva of 1 to 5% 
of pregnant women. The lesions regress after delivery, 
and thus there is doubt whether they are true neo- 
plasins.'% 


GLOMUS TUMOR (GLOMANGIOMA) 


A glomangioma is a benign tumor that arises from 
the modified smooth muscle cells of the glomus body. 
The normal glomus is a neuromyoarterial receptor that 
is sensitive to variations in temperature and regulates 
arteriolar flow. The glomus has an afferent artery, 
arteriovenous anastomosis, and efferent veins. Glomus 
bodies may be located anywhere in the skin but are 
most commonly found in the distal portion of the fingers 
and toes, especially under the nails.!!° It is no surprise, 
then, that these are the common sites of glomus tumors 
(especially the fingers). These lesions can be almost 
positively identified by their extreme painfulness. 


Grossly, the lesions are usually under 1 cm in diameter, 
and many are less than 3 mm in diameter. Tumors have 
been described that are productive of significant pain al- 
though they are smaller than the head of a pin! When 
present in the skin, they are slightly elevated, rounded, red- 


blue, firm, exquisitely painful nodules. Under the nail, they 
appear as minute foci of fresh hemorrhage. Histologically, 
two components are present: branching vascular channels 
separated by a connective tissue stroma that contains the 
second element—aggregates, nests, and masses of the 
specialized glomus cells. The individual cells are usually 
quite regular in size, round or cuboidal, with well-defined cell 
membranes separating their scant cytoplasm (Fig. 12-37). 
On electron microscopy, they have features typical of smooth 
muscle cells.’ 


Clinically, these tumors are readily recognized by 
the combination of their distinct color and exquisite 
painfulness. Excision produces prompt relief. Typical 
glomus tumors also occur in the stomach and _ nasal 
cavity. 


VASCULAR ECTASIAS (TELANGIECTASES) 


The term telangiectasis designates a group of ab- 


normally prominent capillaries, venules, and arterioles 
that create small focal red lesions, usually in the skin 
and mucous membranes of the body. These dilatations 
probably represent congenital anomalies or acquired 
exaggerations of preexisting vessels, and are therefore 
not true neoplasms. They are included, however, under 
the category of tumors since they appear as small, 
tumor-like masses that require differentiation from true 
neoplasms. 


Nevus Flammeus 


This is a sophisticated name for the ordinary birth- 
mark! The lesions are most common on the head and 


Figure 12-37. Glomus tumor. Note vascular 
channels and nests of cuboidal glomus cells. 
(From Venkatachalam, M. A., and Greally, J. G.: 
Fine structure of glomus tumor: similarity of glo- 
mus cells to smooth muscle. Cancer 23:1176, 
1969.) 


941 


neck, range in color from light pink to deep purple, and 
are ordinarily flat. Histologically, they show only dila- 
tation of vessels in the dermis. The vast majority ulti- 
mately fade and regress. 

A special form of nevus flammeus, the so-called 
port-wine stain, may grow proportionately with the 
child, thicken the skin surface, and become unsightly. 
In addition, port-wine stains in the distribution of the 
trigeminal nerve may be associated with the Sturge- 
Weber syndrome (also called encephalotrigeminal an- 
giomatosis). This is an extremely uncommon congenital 
disorder attributed to faulty development of certain 
mesodermal and ectodermal elements. It is character- 
ized by venous angiomatous masses in the leptomen- 
inges over the cortex and by ipsilateral port-wine nevi 
of the face, and is often associated with mental retar- 
dation, seizures, hemiplegia, and radioopacities in the 
skull. The importance of this entity lies in the recogni- 
tion that a large vascular malformation in the face may 
well be more than a coincidence in a child who exhibits 
some evidence of mental deficiency. 


Benign Tumors and Tumor-Like Conditions 


Spider Telangiectasia 


The spider telangiectasis consists of a focal minute 
network of subcutaneous small arteries or arterioles 
arranged in a radial fashion about a central core. It is 
usually found on the upper parts of the body, particu- 
larly the face, neck, and upper chest, and is most 
common in pregnant women or in patients with liver 
disease, particularly cirrhosis of the liver. It is believed 
that the hyperestrinism found in these two conditions 
in some way evokes these vascular changes. Grossly, 


542 BLOOD VESSELS 


the lesions are minute areas of redness, 2 to 5 mm in 
diameter, which on close inspection have the spider- 
like radiations described. Histologically, only abnor- 
mally dilated vessels are found. Because these are 
composed of arterial vessels, they frequently pulsate, a 
useful diagnostic feature. 


Hereditary Hemorrhagic Telangiectasia 
(Osler-Weber-Rendu Disease) 


This entity is characterized by multiple small aneu- 
rysmal telangiectases distributed over the skin and 
mucous membranes, present from birth and apparently 
of hereditary origin. It is an extremely uncommon 
disorder, transmitted as a dominant mendelian trait by 
either the male or the female and affecting both sexes 
equally. However, about 20% of cases lack a family 
history. 

Grossly, the lesions are found directly beneath the 
skin or mucosal surfaces of the oral cavity, lips, alimen- 
tary tract, respiratory tract, and urinary tract, as well as 
in the liver, brain, and spleen. The individual lesions 
are usually small, less than 5 mm in diameter, but 
coalescent lesions may produce larger, red-blue masses. 
Microscopically, the lesions consist of thin-walled, di- 
lated capillary and venular channels. 

Nosebleeds and bleeding into the intestinal, uri- 
nary, or respiratory tracts are common clinical manifes- 
tations. This hemorrhagic tendency becomes more pro- 
nounced with increasing age. Some patients exhibit 
gastrointestinal bleeding without skin manifestations. 
There is frequent hepatomegaly, most often caused by 
focal fibrovascular lesions throughout the liver lobules, 
but these patients are also prone to develop viral 
hepatitis-B due to transfusion therapy. Usually, hem- 
orrhages are readily controlled, and patients with this 
condition have a normal life expectancy. 


BORDERLINE TUMORS 
HEMANGIOENDOTHELIOMA 


This term is used to denote a true neoplasm of 
vascular origin composed predominantly of masses of 
endothelial cells growing in and about vascular lumina. 
The hemangioendothelioma represents an intergrade 
between the well-differentiated hemangiomas and the 
frankly anaplastic, totally cellular hemangiosarcomas. 
It follows the pattern of distribution of the hemangiomas 
and is most frequently encountered in the skin, but 
may affect viscera, particularly the spleen and liver. 
Histologically, vascular channels are evident, but in 
addition there may be dominant masses and sheets of 
spindle-shaped cells. Occasionally, plump, somewhat 
larger cells and mitotic figures are encountered, pro- 
ducing a slight pleomorphism to the cell pattern. Frank 
anaplasia is not present. 

The tumor’s chief importance lies in its differentia- 
tion from the more ominous angiosarcoma. The clinical 
setting is critical. Borderline lesions that are present at 


birth often mature eventually, but in the setting of 
chronic lymphedema (p. 538) they should cause concern. 
Epithelioid hemangioendothelioma is a unique vas- 
cular tumor occurring around medium-sized and large 
veins in the soft tissue of adults. Well-defined vascular 
channels are inconspicuous and the tumor cells are 
plump, often cuboidal, thus resembling epithelial cells. 
They may occur in the lung as a so-called “intravascular 
bronchioalveolar tumor.’ «These tumors can thus be 
misdiagnosed as metastatic carcinomas. Their endo- 
thelial origin is confirmed by the presence of Weibel- 
Palade bodies and Factor VIII-associated antigens. '° 
Their clinical behavior is variable. Most respond to 
excision, but up to 30% may recur or metastasize. 


MALIGNANT TUMORS 
HEMANGIOSARCOMA (ANGIOSARCOMA) 


As the name indicates, this tumor is a malignant 
neoplasm of vascular origin, characterized by masses of 
endothelial cells displaying the cellular atypicality and 
anaplasia found in all malignancies. It occurs in both 
sexes at all ages. It may be found anywhere in the body, 
but most often in the skin, soft tissue, breast, and liver. 
Grossly, cutaneous angiosarcomas may begin as decep- 
tively small, sharply demarcated, asymptomatic red 
nodules, which may be multiple, but eventually most 
angiosarcomas become large, fleshy masses of pale gray- 
white, soft, encephaloid tissue.'’ The margins blend 
imperceptibly with surrounding structures. Areas of 
central softening, necrosis, and hemorrhage are fre- 
quent. 

Microscopically, all degrees of differentiation of 
these tumors may be found, from those that are largely 
vascular with plump, anaplastic but recognizable endo- 
thelial cells to tumors that are quite undifferentiated, 
produce no definite blood vessels, and are markedly 
atypical (Fig. 12-38). In this more malignant variant, 
pleomorphism, tumor giant cells, and mitoses are char- 
acteristic. These sarcomas may be similar in their cyto- 
logic detail to other connective tissue sarcomas. It is 
therefore sometimes difficult to determine in these 
spindle cell sarcomas the exact cell or tissue of origin, 
and careful scrutiny of the better differentiated areas is 
necessary to identify the endothelial and vascular origin. 

There is considerable current interest in angiosar- 
comas arising in the liver. Although rare, hepatic an- 
giosarcomas have been associated with at least three 
chemical carcinogens: arsenic (exposure to arsenical 
pesticides), Thorotrast (a radioactive contrast medium 
widely used in radiology between 1928 and 1950), and 
polyvinylchloride (widely used in plastics).''? The in- 
creased frequency of angiosarcomas among workers in 
the polyvinylchloride industry is one of the truly well- 
documented instances of chemical carcinogenesis in 
man.'!* With all three agents, there is a very long latent 
period between exposure and the development of tu- 
mors, and there may be a premalignant phase in which 
there are diffuse sinusoidal hyperplasia and cytologic 
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Figure 12-38. Hemangiosarcoma of low malignancy and only 
moderate anaplasia. 


abnormalities in sinusoidal lining cells. The tumors are 
often multicentric and may arise concomitantly in the 
spleen. 

Clinically, angiosarcomas have all the usual signif- 
icance of a malignancy, with local invasion and distal 
metastatic spread. Some patients survive only weeks to 
months, whereas others may live for many years. 


HEMANGIOPERICYTOMA 


This rare neoplasm may occur anywhere on the 
body but is most common in the lower extremities and 
retroperitoneum.!”° Electron microscopic studies clearly 
trace the origin of these tumors to pericytes, which are 
cells present in the walls of capillaries and venules, 
external to endothelial cells and enveloped by basement 
membrane.!° Most of these neoplasms are small, but 
rarely they achieve a diameter of 8 cm. They consist of 
numerous capillary channels surrounded by and en- 
closed within nests and masses of spindle-shaped cells, 
which can be occasionally ovoid or even round. Silver 
impregnations can be used to confirm that these cells 
are outside the basement membrane of the endothelium 
and hence are pericytes rather than endothelial cells. 
The tumors may recur, and as many as 50% metastasize 
to lungs, bone, and liver. Regional nodes are sometimes 
affected. They should be differentiated from the more 
benign glomus tumor. Unlike the glomus tumor, they 
are rarely painful or multiple, frequently invade and 
metastasize, and, as mentioned, are composed of peri- 
cytes rather than smooth muscle cells. 


KAPOSI’S SARCOMA 


Long considered to be an obscure, relatively rare 
tumor of unknown histogenesis, Kaposi's sarcoma has 


943 


recently come to the forefront. This is mainly due to 
reports of near-epidemics of the disease among young 
homosexual males, intravenous drug users, female pros- 
titutes, Haitian natives and immigrants to the United 
States, and hemophiliacs, in whom it occurs in associa- 
tion with the acquired immunodeficiency syndrome 
(AIDS, p. 208). In addition, Kaposi's sarcoma is recog- 
nized to be endemic in some parts of Central Africa.''® 
The suspicion is strong that Kaposi's sarcoma is one of 
those virus-associated tumors whose etiology and path- 
ogenesis may soon be uncovered: “an oncologic looking- 
glass.”"!” In its sporadic form (not associated with AIDS), 
the disease affects males almost exclusively (90%) and 
has its highest incidence in the sixth or seventh decades. 


Malignant Tumors 


It begins with multiple blue-red skin nodules, usually in 
the lower extremities, which slowly increase in size and 
number and spread to more proximal sites. The tumors 
frequently remain localized to skin and subcutaneous tissue, 
but widespread visceral involvement may occur. Histologi- 
cally, the early lesions are composed of proliferating capil- 
laries with plump endothelial cells, spindle-shaped perivas- 
cular cells, and_ interstitial inflammatory cells and 
extravasated red cells (with hemosiderin deposition), a pic- 
ture difficult to distinguish from granulation tissue. As the 
lesions progress, the inflammatory component subsides, the 
perivascular spindle-shaped cells increase in number and 
may become pleomorphic, and the angiomatous elements 
tend to decrease and blend imperceptibly with the neoplastic 
spindle cells (Fig. 12—39).'°® Thus, the lesions may resemble 
angiosarcomas or fibrosarcomas. On the basis of ultrastruc- 
tural and cytochemical studies, most of the tumor cells 
appear to be of endothelial origin.'”” 


Figure 12-39. Kaposi’s sarcoma. Medium-power view of highly 
cellular, vascular spindle cell sarcoma. 
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The prognosis depends on the extent of disease. In 
the sporadic form, patients with nodules confined to the 
skin have excellent survival rates; in those with locally 
ageressive disease, there is a 35% mortality rate as a 
result of the tumor; and all those with visceral dissem- 
ination die of the disease. Kaposi's sarcoma associated 
with AIDS appears to be a more virulent disease. It is 
frequently disseminated at first diagnosis or soon there- 
after. Indeed, this generalized form may represent 
multicentric involvement rather than metastasis from a 
primary nodule. Approximately 40% of patients with 
AIDS/Kaposi’s sarcoma die after one year, often in 
association with opportunistic infections (Pneumocystis 
carinii, fungi, unusual bacteria, viruses). 

Another unfortunate aspect of Kaposis sarcoma is 
that about one-third of patients subsequently develop a 
second malignancy, usually lymphoma, leukemia, or 
mveloma.!”” These considerations, as wel] as the asso- 
ciation with AIDS and the increased frequency in im- 
munocompromised hosts, suggest an interplay between 
viral infection and deficient immune regulation in the 
pathogenesis of this disorder. 


TUMORS OF LYMPHATICS 
LYMPHANGIOMA 


Lymphangiomas are the lymphatic analog of the 
hemangiomas of blood vessels. These tumors may be 
present at birth but may be so smal] as to be missed. 
Growth occurs along with the development of the infant 
and produces lesions that become macroscopically visi- 
ble. Both sexes are affected equally. 


Simple (Capillary) Lymphangioma: These masses are 
composed of small lymphatic channels. They tend to 
occur subcutaneously in the head and neck region as 
well as in the axilla. Rarely, they are found in the trunk, 
within internal organs, or in the connective tissue in 
and about the abdominal or thoracic cavities. 

On body surfaces, they are slightly elevated or 
sometimes pedunculated lesions, 1 to 2 cm in diameter. 
In internal structures, they are sharply circumscribed, 
compressible, gray-to-pink lesions. Histologically, they 
are composed of a network of endothelium-lined lymph 
spaces that can be differentiated from capillary channels 
only by the absence of blood cells. Sometimes the lining 
cells hypertrophy, become cuboidal, and take on the 
appearance of glandular epithelium. A scant fibrous 
tissue stroma, which occasionally contains aggregates of 
Ivmphocytes or small lymphoid nests, separates the 
small channels. In addition, fat or muscle cells or 
hemangiomatous portions may be present. A lymphan- 
giomyoma is a variant that exhibits abundant smooth 
muscle in the wall of the lvmphatic channels. These 
tumors are completely benign clinically. 


Cavernous Lymphangioma (Cystic Hygroma): These 
benign lymphatic tumors are composed of cavernous 
lymphatic spaces, and therefore are analogous to the 


cavernous hemangioma. They almost invariably occur 
in the neck or axilla, and only occasionally retroperito- 
neally. Unlike the cavernous hemangioma, they are not 
necessarily limited to small lesions but occasionally 
achieve considerable size, up to 15 cm in diameter. 
Such large masses may fil] the axilla or produce gross 
deformities in and about the neck. On section, they 
reveal a soft, compressible, spongelike, red-pink tissue 
that freely exudes a watery fluid to reveal the underlying 
loose-textured pattern of the mass. The tumors are made 
up of hugely dilated cystic spaces lined by endothelial 
cells and separated by a scant intervening connective 
tissue stroma. The margins of the tumor are not discrete 
and these lesions are not encapsulated. Their removal 
is therefore difficult, and when bits of tumor are left in 
surgical resections, recurrence may be expected. Be- 
cause of their large size, they may not only disfigure 
but compress adjacent structures, such as blood vessels 
and even the trachea and esophagus. 


LYMPHANGIOSARCOMA 


Lymphangiosarcoma is a rare tumor that develops 
after prolonged lymphatic obstruction and lymphedema. 
Most cases occur in the edematous arms of patients 
treated with radical mastectomy for carcinoma of the 
breast.'?! Clinically, the edematous arm may undergo 
acute swelling followed by the appearance of subcuta- 
neous nodules, hemorrhage, and skin ulceration. The 
nodules are frequently multiple, but they later become 
confluent, forming a large mass. On the average, they 
appear about ten years after the mastectomy and have 
a very poor prognosis. They may also develop after 
prolonged lymphedema in the lower legs. Histologically, 
the tumor is composed of channels lined by anaplastic 
endothelial cells, and resembles hemangiosarcoma, es- 
pecially if hemorrhage has occurred. Indeed, some 
authors classify these tumors as lymphedema-associated 
angiosarcoma. 
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THE HEARI* 


NORMAL 
CONGESTIVE HEART FAILURE (CHF) 
Left-sided Heart Failure 
Right-sided Heart Failure 
TYPES OF HEART DISEASE 
Ischemic Heart Disease (IHD) 
Angina pectoris (AP) 
Myocardial infarction (MI) 
Chronic ischemic heart disease (CIHD) 
Hypertensive Heart Disease (HHD) 
Cor Pulmonale (Pulmonary Heart Disease) 
Valvular Heart Disease 
Rheumatic fever (RF) and rheumatic heart 
disease (RHD) 
Mitral valve prolapse 
Aortic valve stenosis 
Calcification of mitral annulus 
Carcinoid heart disease 
Infective endocarditis (IE) 
Nonbacterial thrombotic endocarditis 
(NBTE), marantic endocarditis 
Nonbacterial verrucous endocarditis 
(Libman-Sacks disease) 
Congenital Heart Disease 


Transpositions 
veins 


Myocardial Disease 
Myocarditis 


Communications between systemic and 
pulmonary circulations without cyanosis 
(left-to-right shunts) 

Atrial septal defect (ASD) 
Ventricular septal defect (VSD) 
Patent ductus arteriosus 
Coarctation of aorta 
Tetralogy of Fallot 

Valvular and vascular obstructive lesions 
Tricuspid atresia 
Pulmonary stenosis or atresia with 

intact interventricular septum 

Aortic stenosis and atresia 
Bicuspid aortic valve 
Hypoplastic left heart syndrome 


Transpositions of great arteries and 
Malpositions of heart 
Cardiomyopathy (CMP) 


Dilated (congestive) CMP 
Hypertrophic CMP 


Restrictive/infiltrative CMP 
Specific heart muscle disease 
Pericardial Disease 
Accumulations of fluid in pericardial sac 
Pericardial effusion 
Hemopericardium 
Pericarditis 
Acute pericarditis 
Serous pericarditis 
Fibrinous and serofibrinous 
pericarditis 
Purulent or suppurative pericarditis 
Hemorrhagic pericarditis 
Caseous pericarditis 
Chronic or healed pericarditis 
Adhesive mediastinopericarditis 
.  Constrictive pericarditis 
Rheumatoid Heart Disease 
Tumors of the Heart 
Benign 
Primary sarcomas 
Secondary tumors 


*With gratitude to Dr. Frederick J. Schoen, Brigham and Women’s Hospital, for many helpful suggestions and for Figures 13-3, 13-6 to 13- 


9, 13-11, 13-18, 13-14, 13-20, 138-21, 13-23, 13-27, 13-32, and 13-41 


This chapter opens with the two ends of the cardiac 
spectrum: certain normal aspects of morphology and a 
brief review of congestive heart failure, which is the 
final destination of mcst pathways of serious cardiac 
disease. 


NORMAL 


ANATOMY. Determination of the size and gross 
configuration of the heart is of great clinical and patho- 
logic importance. In the female, the average weight of 
the heart is 250 to 300 gm, and in the male, 300 to 350 
gm, varying with height and skeletal structure. Normally 
the thickness of the wall of the right ventricle is 3 to 5 
mm, and that of the left ventricle 1.3 to 1.5 cm. 
Ventricular thicknesses greater than these levels indi- 
cate hypertrophy and enlargement; measurements be- 
low these normal ranges imply dilatation. However, 
these measurements must be interpreted with reference 
to heart weight and chamber size. An apparently normal 
left ventricular thickness may be found in a markedly 
heavy, hypertrophied heart that has undergone cardiac 
dilatation during a period of congestive failure prior to 
death. 

The anatomy of the cardiac valves is particularly 
important in assessing pathologic alterations of the heart. 
On gross inspection, the valve leaflets (cusps) should be 
delicate, translucent, and without apparent vascularity. 
When commissural fusion or vascularization occurs, it 
implies a previous inflammatory process. All act as loose 
flap valves that balloon out in a parachute-like fashion 


under the impact of the regurgitant blood to abut on 
each other and thus close the valvular orifice. They are 
apposed or come in contact with each other at a line of 
closure marked by a linear thickening most evident in 
the semilunar (pulmonic and aortic) leaflets. The centers 
of each of these linear thickenings are occupied usually 
by small fibrous nodules, the corpora arantii. Round-to- 
oval fenestrations, 1 to 3 mm in diameter, frequently 
occur in the semilunar cusps, close to the commissures. 
The normal chordae tendineae are thin cords that orig- 
inate from the papillary muscles and divide progres- 
sively into fine, delicate strands that insert into the free 
margins of the atrioventricular (tricuspid and mitral) 
leaflets. Thickening of these chordae is often one of the 
conspicuous features of postrheumatic endocarditis. Es- 
timation of the function of a valve from its postmortem 
anatomy is frequently difficult and may be misleading, 
since proper valve function is dependent not only on 
structure but also on the dynamics of the heart. 
Normally, the pericardium contains up to 30 ml of 
clear fluid. As a serosal membrane, it reacts to inflam- 
matory and neoplastic diseases in the same fashion as 
do the linings of the pleural and peritoneal cavities. 
Histologically, the epicardium and parietal pericar- 
dium are mesothelium attached to an underlying typical 
fibrofatty tissue. The myocardium consists of cardiac 
myocytes, interstitial connective tissue, and blood ves- 
sels. The internal structure of the myocardial fiber 
differs from the skeletal striated muscle fiber (p. 1304) 
in its branching characteristics and central nuclei. At 
the point where branching fibers meet, the intercalated 
disc separates individual fibers. The myofibrils in the 
heart muscle cell are traversed by the usual A bands 
and I bands found in skeletal muscle, the I band having 
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the characteristic centrally located Z line. A sarcomere 
is that portion of the cell contained between two Z 
lines. The A band is created by thick myosin filaments 
in register. The I bands have only the thin actin 
filaments, which are attached on either end of the 
sarcomere to the Z lines and extend centrally between 
the myosin filaments into the A band. Contraction of 
the sarcomere and myocardial cell is accomplished by 
the thin actin filaments sliding between the thick myosin 
filaments toward the center of the sarcomere. The 
myocardial fiber is especially rich in mitochondria— 
approximately one-third the cell volume—reflecting the 
high oxidative metabolic level of these cells. In addition 
to having a branching network of anastomosing tubules 
of sarcoplasmic reticulum (the counterpart of endo- 
plasmic reticulum), the cardiac fiber is traversed across 
its long axis at the level of the Z lines by T tubules. 
This specialized structure found only in cardiac and 
skeletal muscle is essentially an invagination of the 
sarcolemma, so the lumina of the T tubules are contin- 
uous with the extracellular space. Thus, no point in the 
muscle fiber is more than 2 to 3 w from the extracellular 
space. This unique arrangement provides an effective 
means of rapid flux of calcium, sodium, and potassium 
ions between muscle fiber and_ interstitial fluid, so 
critical to the contraction of cardiac muscle fibers. In 
the normal heart, the nuclei are fairly uniform in size 
and bear a fairly constant relationship to the mass of the 
individual cells. Significant disturbance in this nuclear- 
evtoplasmic ratio suggests some underlying derange- 
ment such as atrophy, hypertrophy, or previous inflam- 
matory disease. Grossly, the endocardium itself is thin 
and usually inapparent. It consists of a layer of endo- 
thelial cells and scant subendothelial connective tissue. 

BLooD SuPPLY TO HEART. Functionally, the right 
and left coronaries behave as end arteries, although 
anatomically there are numerous intercoronary anas- 
tomoses in most normal hearts. You will recall that the 
ostia of the coronary arteries lie within the sinuses of 
Valsalva behind the aortic valve leaflets. Thus, these 
ostia are protected somewhat during systole from the 
Venturi effect of the rapid passing flow of blood during 
systolic contraction. Most of the coronary artery filling 
occurs during diastole. Knowledge of the area of supply 
of the three major coronary trunks helps to explain the 
correlation between vascular lesions and myocardial 
infarctions. The anterior descending branch of the left 
coronary artery supplies most of the apex of the heart, 
the anterior surface of the left ventricle, the contiguous 
third of the anterior wall of the right ventricle, and the 
anterior two-thirds of the interventricular septum. In 
most hearts the right coronary artery supplies the re- 
mainder of the anterior surface of the right ventricle, 
the posterior aspect of the right ventricle, the adjacent 
half of the posterior wall of the left ventricle, and the 
posterior third of the interventricular septum. To the 
circumflex branch of the left coronary artery remains 
only a small portion of the lateral aspect of the left 
ventricle extending slightly anteriorly and posteriorly. 
Thus, occlusions of the right as well as the left coronary 


artery and their major branches may cause left ventric- 
ular damage. The atria are supplied by branches from 
the arteries on the corresponding side. At the cellular 
level, individual muscle fibers are almost uniformly 
accompanied by individual capillaries. This distribution 
may be important in hypertrophied hearts in which it 
is postulated that enlarged fibers may become so thick 
as to outgrow their blood supply. 

It is now amply documented that in all or virtually 
all human hearts, there are numerous intercoronary 
anastomotic channels up to 40 jm in diameter. In the 
normal heart, little blood courses through these chan- 
nels because the blood pressure on both ends of a 
channel is the same and there is no flow gradient. 
However, when one trunk is narrowed, a pressure 
gradient develops, blood flows from the high to the low 
pressure system, and simultaneously the channels en- 
large.! Thus, these anastomoses may play a role in 
supporting the blood flow to deprived areas of the 
myocardium, but, alas, they are not capable of compen- 
sating for sudden loss of a major coronary artery. 


CONGESTIVE HEART FAILURE 
(CHF) 


CHF will be considered at the outset since it is the 
potential end point of all forms of serious heart disease. 
CHF can be defined as the pathophysiologic state re- 
sulting from impaired cardiac function rendering the 
heart unable to maintain an output sufficient for the 
metabolic requirements of the tissues and organs of the 
body.? CHF occurs either because of a decreased myo- 
cardial capacity to contract or because an increased 
pressure-stroke-volume load is imposed on the heart. 
Most instances of heart failure are the consequence of 
progressive deterioration of the myocardial contractile 
function (systolic dysfunction). Sometimes the increased 
pressure load is caused by an inability of the heart to 
expand sufficiently during diastole to accommodate the 
ventricular volume (diastolic dysfunction). Uncom- 
monly, acute heart failure may occur with basically 
normal myocardial function, as, for example, with sud- 
den catastrophic rupture of a valve cusp or the chordae 
tendineae. Whatever its basis, CHF is characterized by 
diminished cardiac output (sometimes called forward 
failure) and/or damming back of blood in the venous 
system (so-called backward failure). 

Although we speak of diminished myocardial con- 
traction as the cause of heart failure, there is no clear 
understanding at the biomolecular level of the basis for 
the contractile failure. In some instances—myocardial 
infarction, necrotizing inflammations—there is obvious 
death of myocytes and loss of vital elements of the 
“pump. In the absence of such acute losses, other 
mechanisms have been proposed, but none established. 
One such mechanism is reduced adrenergic drive. Re- 
cently a reduction in beta-adrenergic receptor density 


has been reported in severe chronic heart failure,* but 
this change may be a late and secondary event. Other 
proposed pathophysiologic mechanisms include de- 
creased calcium availability, which is important in ex- 
citation-contraction coupling; impaired mitochondrial 
function; decreased ATPase function; and microcirculat- 
ing spasm. In the last analysis, we still do not understand 
why chronically overtaxed hearts eventually decompen- 
sate. 

Compensatory mechanisms come into play with the 
onset of failure. A fundamental defect in the failing 
heart is a reduction of ventricular stroke volume relative 
to the metabolic needs of the peripheral tissues. An 
increased heart rate (tachycardia) may, to an extent, 
buffer the reduction in stroke volume. With diminished 
contraction, the heart dilates and, according to the 
Frank-Starling mechanism, the increased end-diastolic 
ventricular volume permits the ejection of a larger stroke 
volume. By poorly understood mechanisms, the cardiac 
dilatation leads to myocardial hypertrophy, providing a 
larger contractile mass. Other mechanisms support this 
cardiac adaptation; there is an increased output of 
catecholamines by the adrenal medulla, which augments 
myocardial contractility. Simultaneously the renin-an- 
giotensin-aldosterone system leads to sodium and water 
retention, with an increase in blood volume and ven- 
tricular stroke volume. Vital tissues are protected by 
adrenergic-mediated redistribution of blood flow, with 
shunting of blood frorn the skin and splanchnic beds to 
the heart and brain. In addition, there is increased 
oxygen extraction from the blood, to some extent com- 
pensating for the reduced vascular flow,°® and a reduction 
in the affinity of hemoglobin for oxygen, facilitating 
oxygen transfer to the tissues. 

The compensatory mechanisms, initially adaptive, 
ultimately constitute an added burden. The myocardial 
hypertrophy may become detrimental because of the 
increased metabolic requirements of the enlarged mus- 
cle mass. Increased blood volume, which supports the 
cardiac output in the short term, also imposes an 
additional load on the failing heart. Ultimately, the 
primary cardiac disease and the superimposed compen- 
satory burdens further encroach on the myocardial 
reserve until the cardiac dilatation transgresses the point 
at which adequate myocardial tension can be generated. 
Then begins the downward slide of the stroke volume 
and cardiac output that often terminates in death. Thus, 
at autopsy the heart is often dilated and usually hyper- 
trophied, but the extent of these changes varies from 
one patient to the next. 

It is impossible from morphologic examination of 
the heart to differentiate the damaged but compensated 
organ from one that has decompensated. The amount 
of hypertrophy and dilatation does not permit a judg- 
ment nor does the extent of the primary cardiac disease. 
Many of the significant morphologic changes encoun- 
tered in CHF are distant from the heart and are 
produced by the hypoxic and congestive effects of the 
failing circulation upon other organs and tissues. It is 
important to recall that hypoxic and/or congestive 
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changes may be produced in peripheral tissues and 
organs by states of circulatory insufficiency of noncardiac 
origin, e.g., hemorrhagic or septic shock. During shock, 
many organs suffer hypoxic injury because of hypoper- 
fusion. Moreover, circulatory congestion may arise be- 
cause of hypervolemia (salt and water retention) secon- 
dary to chronic renal failure in the absence of significant 
disturbances in cardiac function. In time the heart may 
secondarily suffer and decompensate. It is clear that 
circulatory derangements may arise from extracardiac 
sources and induce tissue changes similar to those 
induced by CHF. 

Although the heart is a single organ, to some extent 
it acts as two distinct anatomic and functional units. 
Under various pathologic stresses, one side or, rarely, 
even one chamber may fail before the other(s) so that, 
from the clinical standpoint, left-sided and right-sided 
failure may occur separately. Since the vascular system 
is a closed circuit, failure of one side cannot exist for 
long without eventually producing excessive strain upon 
the other, terminating in total heart failure. The clearest 
understanding of the pathologic physiology is derived 
from a consideration of failure of each side separately. 


LEFT-SIDED HEART FAILURE 


As will be discussed, left-sided heart failure is most 
often caused by (1) ischemic heart disease, (2) hyperten- 
sion, (3) aortic and mitral valvular diseases (rheumatic 
heart disease, calcific aortic stenosis), and (4) myocardial 
diseases. Except with obstruction at the mitral valve or 
other processes that restrict the size of the left ventricle, 
this chamber is usually dilated, sometimes quite mas- 
sively. With left ventricular restrictive disorders and 
particularly with mitral stenosis, the dilatation is con- 
fined to the left atrium. The distant effects of left-sided 
failure are manifested most prominently in the lungs, 
although the function of the kidneys and brain may also 
be markedly impaired. 

LUNGS. With the progressive damming of blood within 
the pulmonary circulation, pressure in the pulmonary 
veins mounts and is ultimately transmitted to the cap- 
illaries. Pulmonary congestion and edema result, as 
described in detail on page 710. It is sufficient to note 
here that the congestion first leads to the development 
of a perivascular transudate—“cuffing’—followed by 
progressive edematous widening of the alveolar septa, 
and in time by the accumulation of edema fluid, perhaps 
admixed with some red cells (related to microhemor- 
rhages) in the alveolar spaces. Not infrequently, trans- 
udate accumulates within the pleural spaces, particularly 
on the left, producing a gross pleural effusion. 

These anatomic changes produce striking clinical 
manifestations. Dyspnea (breathlessness) is usually the 
earliest and the cardinal complaint of patients in left- 
sided heart failure, and is an exaggeration of the normal 
breathlessness that follows exertion. The pathophysiol- 
ogy of the dyspnea involves reduction of the vital 
capacity by the accumulation of fluid and blood within 
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the air spaces, increased stiffness of the lungs related to 
the intraseptal edematous thickening, and air trapping 
secondary to obstructive fluid in the smaller airways. 
Orthopnea is dyspnea on lying down that is relieved by 
sitting or standing. Thus, the orthopneic patient em- 
ploys several pillows and indeed may spend the night 
in a chair. Orthopnea results from increased venous 
return to the heart in the recumbent position because 
of reduced pooling of fluid in the usually dependent 
portions of the body. This overloads the failing pump 
and exaggerates the pulmonary congestion and edema. 
Paroxysmal nocturnal dyspnea, also known as paroxys- 
mal cardiac dyspnea, is an extension of orthopnea that 
consists of attacks of extreme dyspnea bordering on 
suffocation; these usually occur at night and force the 
patient to sit upright struggling for breath. Often the 
patient in panic opens a window in the hope of relieving 
the breathlessness. There is no clear understanding of 
the origins of paroxysmal nocturnal dyspnea but de- 
pressed nocturnal respiratory drive, reduced adrenergic 
stimulation to the left ventricle during sleep, and in- 
creased venous return to the heart and lungs in the 
recumbent position all contribute. Cough is a common 
accompaniment of left-sided failure, and in severe cases 
may raise frothy, blood-tinged sputum. 

KIDNEYS. With left-sided heart failure, the de- 
creased cardiac output causes a reduction in renal 
perfusion, which has a number of consequences. The 
renin-angiotensin-aldosterone system is activated, in- 
ducing retention of salt and water with consequent 
expansion of the interstitial fluid volume and blood 
volume. This compensatory reaction contributes to the 
pulmonary edema in left-sided heart failure. In kidneys 
already suffering from hypoperfusion, whether related 
to the shock state or to hypertensive arteriolar narrow- 
ing, the reduced cardiac output may lead to ischemic 
acute tubular necrosis (p. 1027). If the perfusion deficit 
of the kidney becomes sufficiently severe, impaired 
excretion of nitrogenous products may cause azotemia, 
known as prerenal azotemia. 

BRAIN. Cerebral hypoxia may give rise to many 
symptoms, such as irritability, loss of attention span, 
and restlessness, and may even progress to stupor and 
coma. These symptoms, however, are encountered only 
in far-advanced congestive heart failure. 
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RIGHT-SIDED HEART FAILURE 


Right-sided heart failure occurs in pure form in 
only a few diseases. Usually it is a consequence of left- 
sided failure, because any increase in pressure in the 
pulmonary circulation incident to left-sided failure must 
inevitably produce an increased burden on the right 
side of the heart. The causes of right-sided failure, then, 
must include all those that create left heart failure, 
particularly lesions such as mitral stenosis or congenital 
left-to-right shunts, which produce great increases in 
pulmonary pressure. 

Pure right-sided failure most often occurs with cor 
pulmonale, i.e., right ventricular strain produced by 


intrinsic disease of the lungs or pulmonary vasculature. 
In these cases, the right ventricle is burdened by 
increased resistance within the pulmonary circulation. 
Dilatation of the heart is confined to the right ventricle 
and atrium. Other and less common causes of right- 
sided heart failure include the various forms of cardio- 
myopathy and diffuse myocarditis, which appear to affect 
the right ventricle more often than the left for reasons 
to be presented later. Rarely, right-sided failure is 
caused by tricuspid or pulmonic valvular lesions. Clin- 
ically, constrictive pericarditis simulates right-sided fail- 
ure by damming blood back into the systemic venous 
system, although the right ventricle itself may be nor- 
mal. 

The major morphologic and clinical effects of pure 
right-sided failure differ from those of left-sided failure 
in that pulmonarv congestion is minimal, while engorge- 
ment of the systemic and portal systems is more pro- 
nounced. It should be remembered, however, that in 
both instances the twin problems of systemic venous 
congestion and impaired cardiac output remain quali- 
tatively the same. The major organs affected by right- 
sided heart failure are the liver, spleen, kidneys, sub- 
cutaneous tissues, and brain and the entire portal area 
of venous drainage. 

Liver. The liver is usually slightly increased in size 
and weight and on sectioning displays a prominent 
“nutmeg pattern (Fig. 13-1), described in greater detail 


Figure 13-1. Close-up view of transected surface of liver with 
marked chronic passive congestion—the so-called nutmeg pattern. 


on page 897. In essence, it comprises congestive red 
accentuation of the centers of the liver lobules sur- 
rounded by the paler, sometimes fatty, peripheral re- 
gions. The liver cells in the central region may become 
somewhat atrophic as a result of the congestive hypoxia 
related to the stagnant flow in the centrilobular sinus- 
oids. Together, these changes are called chronic passive 
congestion (CPC) of the liver. If the right-sided failure 
is severe and rapidly developing, the passive congestion 
and circulatory failure may lead to necrosis of the 
centrilobular liver cells accompanied by rupture of 
sinusoids, producing central hemorrhagic necrosis. A 
1981 study relates the centrilobular necrosis more to 
the ischemia associated with reduced arterial flow than 
to the sinusoidal congestion.® If the patient does not die 
of the severe cardiac failure, the central areas in time 
become fibrotic, creating so-called cardiac sclerosis. 

SPLEEN. Congestion produces an enlarged spleen 
that is tense and cyanotic. On section, blood freely 
exudes and the tissue collapses so that the capsule 
becomes wrinkled. Microscopically, there may be 
marked sinusoidal dilatation, accompanied by areas of 
recent hemorrhage and possibly deposits of hemosiderin 
pigment. With long-standing congestion, the enlarged 
spleen may achieve a weight of 500 to 600 gm (normal, 
150 gm), and the long-standing edema may produce 
fibrous thickening of the sinusoidal walls. The areas of 
previous hemorrhage are now transformed to hemosi- 
derin deposits, to create the firm, meaty organ charac- 
teristic of congestive splenomegaly (p. 700). 

KIDNEYS. Congestion and hypoxia of the kidneys 
are more marked with right-sided heart failure than 
with left, leading to greater fluid retention, peripheral 
edema, and more pronounced prerenal azotemia. 

SUBCUTANEOUS TISSUES. Some degree of periph- 
eral edema of dependent portions of the body occurs 
regularly. Indeed, ankle edema may be considered a 
hallmark of CHF. In severe or long-standing cases, 
edema may be quite massive and generalized, a condi- 
tion termed anasarca. Of probable significance in the 
perpetuation of edema is the diminished clearing of 
plasma aldosterone by the congested liver. This contrib- 
utes to the elevated levels of this hormone. 

PLEURAL SPACES. Effusions may appear, particu- 
larly on the right. 

BRAIN. Symptoms essentially identical to those de- 
scribed in left-sided failure may occur, representing 
venous congestion and hypoxia of the central nervous 
system. 

PORTAL SYSTEM OF DRAINAGE. Splenic congestion 
has already been described. In addition, abnormal ac- 
cumulations of transudate in the peritoneal cavity may 
give rise to ascites. Congestion of the gut may cause 
intestinal disturbances. 


In summary, right-sided heart failure presents es- 
sentially as a venous congestive syndrome, with hepatic 
and splenic enlargement, peripheral edema, pleural 
effusions, and ascites. In contrast to left-sided failure, 
respiratory symptoms may be absent or quite insignifi- 
cant. The consideration of heart failure has been divided 


951 


into two functional units. In the usual case of frank 
chronic cardiac decompensation, however, these early 
stages have already passed. Thus, the patient presents 
with the picture of full-blown CHF, encompassing the 
clinical syndromes of both right and left heart failure. 


Ischemic Heart Disease (IHD) 


TYPES OF HEART DISEASE 


Heart disease is the predominant cause of disability 
and death in all industrialized nations. In the United 
States it accounts currently for about 335 deaths per 
100,000 population (approximately 40% of the total 
mortality), overshadowing cancer, which follows with 
183 deaths per 100,000. Since the turn of the century 
death rates from heart disease in the U.S. reveal some 
remarkable and most welcome trends. In 1900, heart 
disease occupied fourth place among the ten leading 
causes of death with a mortality rate of approximately 
140. A steady climb ensued over the decades to reach 
a peak of 375 in 1963. Just when it seemed that the 
climb would never end, the rate began to fall to the 
current level. The rate of decline has, in fact, been 
accelerating; about 60% of the total reduction occurred 
between 1970 and 1980.’ This most “heartening” trend 
is attributable largely to a decline in mortality from 
ischemic heart disease, as pointed out on page 506. 

Four categories of cardiac disease account for about 
85 to 90% of all cardiac deaths: (1) ischemic heart 
disease, (2) hypertensive heart disease and pulmonary 
hypertensive heart disease (cor pulmonale), (3) valvular 
disease, and (4) congenital heart disease. Since ischemic 
heart disease is responsible for the great majority of 
these deaths, this paramount condition is considered 
first, followed by the other three categories. The re- 
maining disorders are grouped into myocardial diseases 
and pericardial diseases, with a miscellany at the end. 


ISCHEMIC HEART DISEASE (IHD) 


IHD is the generic designation for a spectrum of 
disorders resulting from imbalance between the myo- 
cardial need for oxygen and the adequacy of the supply. 
Because reduction in coronary blood flow is almost 
always the cause of the imbalance, IHD for years has 
been called coronary heart disease, under which rubric 
it still may be found in many textbooks. However, the 
most recent revision of the International Classification 
of Diseases prefers the term ischemic heart disease, and 
so we bow to authority in this presentation, while 
frequently reverting to past practice. 

In 90 to 95% of cases the reduction in coronary 
blood flow is related to atherosclerotic narrowing of 
the suwbepicardial coronary trunks. Coronary vasospasm 
alone or superimposed on atherosclerotic narrowing 
may contribute to the reduction in flow.*° Often, 
thrombotic occlusion provoked by a complicated ather- 
oma or a focus of vasospastic narrowing suddenly wors- 
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ens the reduction in coronary flow. In a minority of 
cases the reduced coronary flow has other origins— 
coronary embolism; osteal stenosis in luetic aortitis; 
dissecting aortic aneurysm that extends back into the 
walls of the coronary arteries; direct trauma to the 
coronary vessels inducing thrombosis, disruption, or 
dissection; or some form of arteritis (e.g., polvarteritis 
nodosa, rheumatic and temporal arteritis, Kawasaki's 
disease). Even more uncommonly, IHD may be related 
to anomalous origin of the left coronary artery from the 
pulmonary trunk, reduction of oxvgen transport of the 
hlood related to either anemia or carbon monoxide 
poisoning, a defect in oxvhemoglobin dissociation, in- 
adequate perfusion of the myocardium in hypotensive 
crises and shock. It is important to note that increased 
myocardial oxygen demands may exceed the level of 
supply of even a relatively normal coronary circulation 
and assuredly worsen anv preexisting imbalance. De- 
spite all these potential mechanisms, until proved oth- 
erwise, THD is caused by atherosclerotic narrowing of 
the coronary arteries (fixed obstruction), possibly ag- 
gravated by superimposed vasospasm (dynamic obstruc- 
tion), Depending on the rate of development of the 
arterial narrowing(s) and its ultimate severitv, four basic 
clinicopathologic syndromes mav result: (1) myocardial 
infarction, (2) angina pectoris, (3) chronic ischemic heart 
disease, and (4) sudden cardiac death, which may be 
superimposed on any of the preceding three conditions. 
As might be expected, there is considerable overlap 
among them. The classical patterns will be briefly 
characterized here, followed by a more complete dis- 
cussion of each, along with the intermediate patterns 
that fall in the interfaces. 

1. Myocardial infarction (MI) is the catastrophic, 
frequently fatal form of IHD that usually results from 
precipitous reduction or arrest of a significant portion 
of the coronary flow. One of two patterns of myocardial 
ischemic necrosis mav appear: (a) a confluent left ven- 
tricular lesion, usually greater than 2.5 cm in longest 
dimension, which extends from the subendocardium to 
the subepicardium—the transmural infarct: or (b) mul- 
tifocal areas of ischemic necrosis limited to the inner 
one-third to one-half of the thickness of the left ventric- 
ular wall, so-called) subendocardial infarct or sub- 
endocardial ischemic necrosis. In both forms, severe 
atherosclerotic narrowing, possibly associated with 
thrombotic occlusion, is almost always present in one 
or more of the major coronary arterial trunks. The 
contribution of vasospasm is difficult to elucidate at 
postmortem because it is a transient phenomenon usu- 
ally demonstrable only in the living patient. 

2. Angina pectoris (AP) is a symptom complex 
consisting of severe paroxysmal chest pain resulting from 
transient ischemia that falls precariously short of induc- 
ing infarction. Three clinical patterns have been delin- 
eated: (a) stable angina, (b) Prinzmetal’s variant angina, 
and (c) unstable angina (all detailed on p. 555). Under- 
lving all are variable combinations of atherosclerotic 
coronary narrowing and vasospasm. Sometimes throm- 
botic occlusion of smaller coronary branches is super- 


imposed. By definition, myocardial infarction is not 
present. 

3. Chronic ischemic heart disease (CIHD), some- 
times also inappropriately called ischemic cardiomyop- 
athy (p. 596), refers to the pattern of cardiac damage 
caused by long-term ischemia (years to decades). It is 
marked principally by general myocardial atrophy and 
foci of scarring. The scars may be small and numerous, 
related to isolated myofiber necrosis or the death of 
clusters of myocardial cells. However, in addition they 
may be punctuated by large areas of fibrosis resulting 
from past episodes of acute infarction. Generally, CIHD 
is the consequence of slow, progressive atherosclerotic 
narrowing of the coronary trunks that occurs over a span 
of years to decades; superimposed on such a course may 
be acute MIs that permit survival. Thus, CIHD may 
lead to death by progressive slow reduction of the 
myocardial reserve, but alternatively it may be termi- 
nated abruptly by an intercurrent acute MI or sudden 
cardiac death. These patients often have angina pectoris 
and/or CHF and are obviously at high risk of suffering 
a fatal acute event. 

4. Sudden cardiac death is basically a clinical 
syndrome that accounts for over half of all the mortality 
related to IHD. Death occurs within minutes to hours 
of onset of an arrhythmia, usually ventricular fibrillation. 
In most cases, no recent coronary thrombosis or acute 
MI can be identified as the trigger event, and so there 
is often no obvious morphologic change to explain the 
fatal arrhythmia. Most likely preexistent IHD, whatever 
the morphologic pattern, induces changes leading to 
electrical instability. Ventricular fibrillation may then 
develop with any sudden imbalance between myocardial 
supply and needs. 

It is evident that the patterns of IHD are closely 
interrelated. A long history of repeated attacks of anginal 
pain frequently precedes the development of an acute 
MI. Analogously, CIHD is a fertile soil for the devel- 
opment of angina pectoris and/or MI, and all three 
morphologic patterns may without notice be acutely 
terminated by sudden cardiac death. Thus, the individ- 
ual patient may suffer from one or more of the clinico- 
pathologic patterns of IHD. 

INCIDENCE. IHD in its various forms accounts for 
about 60 to 75% of all deaths caused by heart disease. 
It is the leading cause of death in the United States and 
other industrialized nations. In 1979 it was responsible 
for approximately 600,000 deaths in the U.S., repre- 
senting about 30% of the total mortality. Alone, IHD 
causes over 200,000 more deaths annually in the U.S. 
than all forms of cancer and infection, collectively. 
Awesome as these data may be, a ray of light has 
appeared. In the past two decades, the mortality from 
THD has declined in the U.S. by about 25 to 35%.” 
Other countries have enjoyed similar good fortune 
Canada, Australia, Finland, Japan, Switzerland, Italy, 
and France—but not all to the same degree.!' A recent 
autopsy study relates this trend to a general reduction 
in the severity of coronary atherosclerosis.'? Specula- 
tions are rife as to the reasons for the control of this 


atherosclerotic epidemic. Favored notions include more 
vigorous control of hypertension; reduction in cigarette 
smoking; lowered consumption of cholesterol-containing 
foods; a shift in consumption from saturated animal fats 
to polyunsaturates; a growing awareness of the benefits 
of weight reduction and regular physical exercise; and 
improved medical management of threatened and overt 
IHD. The relative importance of each of these variables 
is a subject of vigorous debate. 

Because of the dominating importance of coronary 
atherosclerosis, the distribution of IHD in the popula- 
tion of the U.S. follows that of atherosclerosis in general 
(discussed on p. 507). Since MI is the most important 
form of IHD, these data are detailed later (p. 557), but 
a few geographic differences merit mention. There is 
striking variation in the prevalence of IHD among the 
nations of the world. High-risk countries include Fin- 
land, the United Kingdom, the United States, New 
Zealand, Australia, and Canada. Enjoying a significantly 
lower risk are Japan, Switzerland, and Italy, as well as 
developing nations (where statistical data are reasonably 
complete). Indeed, the death rate for coronary heart 
disease in 1977 was about tenfold greater in Finland 
and almost sevenfold greater in the U.S. than in Japan. 
These geographic variations are thought to reflect en- 
vironmental influences helieved to influence the predis- 
position to atherosclerosis. "° 

PATHOGENESIS. At the most fundamental level, IHD 
is caused by an imbalance between the myocardial blood 
flow and the metabolic demand of the heart. Underlying 
the imbalance is either an absolute reduction in coronary 
blood flow, usually as a consequence of atherosclerotic 
disease, or an inability to increase the flow adequately 
when demand rises. Three factors are involved: (1) the 
adequacy of coronary arterial flow, (2) the level of 
myocardial metabolic demands, and (3) the available 
oxygen content of the blood. Of these three, the first is 
overwhelmingly the most important. 

Reduced Coronary Flow. Reduction in coronary 
arterial flow is almost always related to progressive 
stenosing, complicated atherosclerosis, sometimes wors- 
ened by superimposed events such as vasospasm, throm- 
bosis, or circulatory changes leading to hypoperfusion. 
The following general comments about the arterial in- 
volvement are applicable to all forms of IHD.“ 


1. The genesis of coronary atherosclerosis is identical to 
that of systemic atherosclerosis (discussed on p. 513), and the 
same “risk factors” apply. 

2. There is surprisingly little difference in the extent and 
severity of coronary atherosclerosis among the clinical patterns 
of IHD. 

3. With rare exceptions, in fatal IHD, at least one, usually 
two, or all three of the major coronary epicardial trunks have 
many stenoses that reduce the cross-sectional area of the 
lumen by more than 75% (Fig. 13-2). As the terms are used 
here, stenosis refers to narrowing of the lumen, whereas 
occlusion implies total obstruction. The degree of narrowing 
is critical. Resistance to flow is normally maximal at the level 
of the coronary arterioles. It requires more than a 75% 
reduction of the cross-sectional area of the lumen of an 
epicardial trunk to restrict the volume flow to the arteriolar 
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bed. Lesser degrees of narrowing have little or no effect on 
myocardial perfusion. 

4, The severe narrowings occur throughout the length of 
the three epicardial major trunks.'* Infrequently the left main 
stem is stenosed proximal to its bifurcation. 

5. Almost always, functionally significant narrowings are 
caused by so-called complicated plaques (p. 511). Often they 
are ulcerated and have an overlying thrombus or an intra- 
plaque hemorrhage, with ballooning and rupture of the lesion. 

6. Thromboses (recent or old) may be present in all three 
forms of IHD. They are more likely with acute MI but may 
be absent. Intercoronary anastomoses may prevent infarction 
despite thrombosis, and, conversely, infarction may occur in 
the absence of thromboses as with a hypotensive crisis and 
narrowed coronary arteries. Thus, coronary artery thrombosis 
is not synonymous with acute MI. 

7. In summary, advanced coronary atherosclerosis is 
usually present in all forms of IHD. Usually, there are 
narrowings greater than 75% of the lumen, but superimposed 
thromboses may or may not be present even with acute MI. 
It is impossible to gauge the severity or nature of the myocar- 
dial lesions from an examination of the coronary arteries. 


Hemodynamic alterations may compromise coro- 
nary flow, particularly in vessels already narrowed. In 
the normal state, the effective perfusion pressure de- 
pends on the pressure differential between the ostia 
and the coronary sinus. Since myocardial blood flow is 
maximal during diastole, coronary perfusion is depend- 
ent on the aortic diastolic pressure. Systolic contraction 
of the heart exerts a compressive effect on the intra- 
myocardial ramifications of the major coronary trunks, 
increasing resistance to flow. Moreover, during systole, 
the rapid flow of ejected blood past the coronary orifices 
has a Venturi effect and so further reduces the perfusion 
pressure. The subendocardial region of the left ventric- 
ular myocardium is more vulnerable to a perfusion 
deficit than the outer zone of the myocardium. The 
inner myocardial cells must shorten more with each 
systolic contraction than those in the outer layers; thus, 
they have a higher metabolic demand, they exert a 
greater compressive force on the vascular bed, and the 
subendocardial vessels (for uncertain reasons) have a 
lower vascular tone and therefore a more limited reserve 
for dilatation. Marginal perfusion deficits thus may 
damage the subendocardial region while sparing the 
outer zone. 

The most important hemodynamic cause of reduced 
coronary perfusion is a significant drop in blood pres- 
sure. Thus, shock or a hypotensive episode, as may 
occur during surgery, in an individual with preexisting 
fixed narrowings may precipitate acute myocardial is- 
chemia and infarction. Any elevation in pressure in the 
right atrium and coronary sinus, as occurs with marked 
tricuspid regurgitation, reduces coronary perfusion by 
lowering the differential in pressure across the coronary 
system. Stenosing fibrocalcific disease of the aortic valve 
may also impact on coronary perfusion by extension into 
the root of the aorta to directly narrow the ostia. The 
increased resistance to ventricular outflow also raises 
intraventricular pressure and the compressive systolic 
pressures on the intramyocardial vascular bed. Analo- 
gously, aortic regurgitation affects the coronary circula- 


Figure 13-2. A, Angiogram of opened heart with normal coronary arteries filled with radiopaque mass. On right is 
the horizontal main right coronary artery with small descending twigs. On left is visualized the major left descending 
ramus and the horizontal major left circumflex ramus. Between these two are several large accessory branches. The 
vessels show progressively diminishing lumina with no irregular narrowings or obstruction. B, Angiogram of an 
opened heart with severely narrowed and occluded atherosclerotic coronaries. The right coronary artery fails to fill 
over much of its length. The twigs of this vessel are filled by retrograde anastomotic collaterals. There is uneven 
narrowing and tortuosity of the left descending ramus and left circumflex ramus. Compare with A. 


tion adversely. Not only does it lower the diastolic 
pressure, but also, in the aortic valvular regurgitation 
of syphilitic heart disease, the leaflets are shortened and 
so the coronary take-offs are exposed to the forward 
flow of blood, heightening the Venturi effect mentioned 
earlier. Any of these incursions on the perfusion of the 
heart may become critically significant when superim- 
posed on already compromised coronary flow related to 
atherosclerotic narrowings, especially in a hypertro- 
phied heart. 

Increased Myocardial Demand. Myocardial ischemia 
is a relative term involving demand as well as supply. 
Increased myocardial demand such as occurs during 
exercise, infection, pregnancy, hyperthyroidism, and 
other states causing tachycardia or hypermetabolism are 
obvious bases for the development of an imbalance. Too 
frequently we read of older individuals who drop dead 
while shoveling snow, presumably in relation to an 
acute cardiac ischemic event. Acceleration of the heart 
rate—tachycardia—both increases the metabolic de- 
mands of the heart and simultaneously diminishes the 
total amount of diastolic time per minute during which 
the most effective perfusion occurs. Myocardial hyper- 
trophy, whatever its origins (e.g., hypertension, valvular 
disease, coarctation of the aorta), significantly increases 
the metabolic demand and is particularly dangerous 
because it simultaneously increases the compressive 
forces on the intramyocardial vessels. All of these influ- 
ences may be superimposed on severe coronary athe- 
rosclerosis. | 

Availability of Oxygen in Blood. Any disorder that 
diminishes the oxygen-carrying capacity of the blood 
may unfavorably alter the balance between supply and 
demand. Anemia, the formation of carboxyhemoglobin 
in carbon monoxide poisoning, reduction of the blood 
Po, in pulmonary disease, and abnormal right-to-left 
shunting of blood (as typically occurs in certain forms of 
congenital heart disease) all render reduced levels of 
arterial ow even more threatening. 

It is evident that many influences impinge on the 
balance between myocardial blood supply and myocar- 
dial needs. Although atherosclerotic narrowing of the 
epicardial coronary trunks is the dominating one, addi- 
tional mechanisms may conspire with it to “do in” the 
heart and its owner. With this overview of IHD, we 
may turn to its various patterns. 


ANGINA PECTORIS (AP) 


Angina pectoris is a symptom complex of IHD 
characterized by paroxysmal attacks of chest pain, 
usually substernal or precordial, caused by myocardial 
ischemia that falls precariously short of inducing in- 
farction. Although transient reversible myocardial in- 
jury (and sometimes spotty irreversible necroses) may 
occur, it is basically a clinical syndrome, and so our 
consideration of it can be relatively brief. It merits 
attention, not only because it is disabling and raises the 
“red alert” of serious myocardial ischemia, but also 
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because its pathogenesis sheds light on the mechanisms 
underlying the more serious MI. 

Three overlapping patterns of AP have been char- 
acterized: (1) stable angina, (2) variant or Prinzmetal’s 
angina, and (3) unstable angina. These are not totally 
distinct subsets, since individual patients may manifest 
features of one or more patterns concurrently or at 
different times, and intergrades are not infrequent.’® All 
are caused by fixed coronary narrowings and vasospasm 
in varying proportions, and although either one of these 
causes of ischemia may make a greater contribution than 
the other in a particular subset, both participate to some 
degree in all forms of AP. The three subsets, then, are 
best viewed as variations on a common theme. 

Stable angina is the most common form and is 
therefore also called “typical AP.” Usually, stable AP 
induces electrocardiographic ST-segment depression 
because the ischemia is most intense in the subendo- 
cardial region of the left ventricular myocardium. It is 
characterized by paroxysms of pain related to exertion 
and relieved by rest. Severe stenosing coronary athe- 
rosclerosis of the major trunks is almost always present. 
In addition, Blumgart and colleagues demonstrated that 
frequently there were occlusions of small epicardial 
atherosclerotic branches of one of the main coronary 
trunks.!” 8 Presumably, intercoronary anastomoses pre- 
vented acute infarction, but the occlusive lesions may 
further compromise the adequacy of coronary flow and 
induce spotty myocardial necroses. Thus, individuals 
with this form of angina often have numerous small 
myocardial fibroses typical of chronic ischemic heart 
disease, and sometimes large fibrous scars of past acute 
MIs. The effort-induced pain denotes that increased 
myocardial metabolic demand related to increased heart 
rate, myocardial contractility, or blood pressure (or all 
three) beyond the supply capacity of the severely ath- 
erosclerotic coronary arteries underlie this form of 
angina. In some instances the attack of pain follows a 
level of exertion that would ordinarily be readily toler- 
ated. Moreover, the pain can usually be alleviated by 
such vasodilators as nitroglycerin. It is possible therefore 
that coronary vasospasm may contribute, at least to a 
small degree, to the production of some of the episodic 
imbalances between supply and demand. 

In 1959, Prinzmetal and co-workers described a 
form of angina that classically occurred at rest, which 
since has been designated Prinzmetal’s or variant AP.'* 
They postulated that it was caused by reversible spasm 
superimposed on atherosclerotic lesions. Subsequent 
angiographic studies have confirmed that individuals 
with Prinzmetal’s variant angina have a spectrum of 
coronary findings ranging from near-normal coronary 
arteries to severe stenoses. Since variant angina typically 
occurs at rest, it is believed that vasospasm with reduc- 
tion of blood flow, rather than increase in myocardial 
demand, and fixed coronary disease is the major mech- 
anism of the ischemia; hence the frequently used syn- 
onym ‘ vasotonic angina. 2° However, the atherosclerotic 
narrowing undoubtedly makes a contribution, albeit one 
of less importance than the vasospasm. In contrast to 
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stable angina, Prinzmetal’s variant angina is character- 
ized by ST-segment elevation during the vasospastic 
attack, reflecting transmural ischemia, and total to near- 
total reduction of blood flow through a major coronary 
artery. However, other attacks in the same patient may 
be characterized by ST-segment depression typical of 
stable AP. 

Unstable angina, the third pattern, is the most 
ominous and has been called “preinfarction angina,” 
“acute coronary insufficiency, and “accelerated an- 
gina. These patients are at great risk of suffering a 
myocardial infarction. Clinically, unstable AP is char- 
acterized by prolonged pain, the onset of pain at rest in 
an individual with stable angina, or significant worsening 
of the pain of stable exertional angina. Most often these 
manifestations are accompanied by ST-segment depres- 
sion. On angiography there almost always is severe 
stenosing coronary atherosclerosis. The fact that some 
attacks of unstable angina occur at rest and are associated 
with ST-segment elevation, both characteristic of Prinz- 
metal’s angina, makes evident the variable contribution 
of vasospasm to the causation of this form of angina. 

By definition, in AP, whatever the clinical pattern, 
there are no large acute lesions of ischemic myocardial 
necrosis, but there may well be small foci of fibrous 
scarring, scattered subendocardial myocardial vacuoli- 
zation, and sarcoplasmic resorption (myocytolysis) as 
evidence of significant ischemia or large scars of past 
episodes of myocardial infarction. Electrocardiographic 
and serum enzyme analyses (detailed on p. 564) further 
suggest that during an acute attack these patients often 
have acute myocardial injury that in large part is re- 
versible. Biopsies obtained during cardiac surgery (cor- 
onary artery bypass grafting) reveal areas of reversible 
ultrastructural changes as well as, frequently, death by 
myocytolysis (p. 561) of scattered individual myofibers.?! 
AP is thus of importance on two scores. It warns of 
serious myocardial ischemia and also makes clear that 
vasospasm is a potent contributor to coronary insuffi- 
ciency. 
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MYOCARDIAL INFARCTION (Ml) 


Myocardial infarction is overwhelmingly the most 
important form of IHD and, indeed, cardiac disease in 
the United States and other industrialized nations. In 
1979 about 60% of the deaths caused by IHD (p. 551) 
in the U.S. were attributable to MI. The remainder 
were caused by chronic ischemic heart disease, marked 
frequently by large myocardial scars from past episodes 
of MI. In the aggregate, then, MI accounts for 20 to 
25% of all fatalities in atherosclerosis-prone societies. 
To place these deaths in some perspective, they exceed 
by many thousands those related to all forms of neoplasia 
collectively. 

Mortality data do not tell the whole story. Each 
day in the U.S about 3400 individuals suffer a “heart 
attack” (myocardial infarct). In more personal terms, a 
North American male has a one in five chance of having 


an MI or dying suddenly from an acute ischemic event 
before reaching the age of 65 years. It is painfully 
evident that MI is the number one cause of death and 
clinical challenge in affluent societies. 

In the great majority of cases, widespread severe 
coronary atherosclerosis of the coronary arteries under- 
lies MI. In addition, some sudden event such as coro- 
nary thrombosis must unfavorably alter the precarious 
balance (Fig. 13-3). Excessive exercise and increased 
myocardial demands can be documented in less than 
15% of instances. Alternatively, the myocardial supply 
can be suddenly reduced by a superimposed occlusive 
thrombosis or by vasospasm, but the precise frequency 
of these events is still uncertain. Whatever the sequence 
of events, the imbalance between myocardial needs and 
supply induces an episode of acute myocardial ischemia 
having one of four possible consequences: (1) it may 
only induce an attack of angina; (2) more severe ischemia 
may result in myocardial necrosis limited to the inner 
one-third to one-half of some portion or the entire 
circumference of the left ventricular wall to produce 
multiple subendocardial foci of ischemic necrosis, also 
called a “subendocardial infarct’; (3) the ischemic ne- 
crosis may more or less traverse the entire thickness of 
some portion of the left ventricular wall, creating a 
“transmural infarct’; or (4) the acute ischemic event 


Figure 13-3. Cross section of a coronary artery narrowed by 
atherosclerosis. Rupture of a plaque at 2 o'clock has extruded 
atheromatous debris and initiated an occlusive thrombus within the 
lumen. 


may cause “sudden cardiac death” within a few hours. 
Many of these sudden deaths are attributable to is- 
chemia-provoked ventricular arrhythmias. 

EPIDEMIOLOGY. Because of the dominating impor- 
tance of coronary atherosclerosis in its pathogenesis, the 
epidemiology of MI is the epidemiology of atheroscle- 
rosis (p. 506). The striking geographic differences and 
the declining frequency in the United States and else- 
where in the mortality from ischemic heart disease, 
discussed earlier (p. 552), of necessity apply to MI, the 
principal cause of death from IHD. Whites are affected 
more often than blacks in the U.S., but for unknown 
reasons blacks tend to die of MI at an earlier age. The 
incidence of fatal MI progressively rises with age to 
peak in the 55- to 64-year-old group in males and in the 
eighth decade in females. Approximately 90% of all 
male deaths occur between the ages of 35 and 64. MI 
may occur in the very elderly, however, as well as in 
- younger individuals, even in the third decade of life, 
particularly when such predispositions to atherosclerosis 
as hypertension, diabetes mellitus, familial hypercho- 
lesterolemia, and other causes of hyperlipoproteinemia 
are present. Virtually throughout life, males are at 
significantly greater risk than females, the differential 
progressively declining with advancing age. In the dec- 
ade from 35 to 44 years, the death rate for white men 
is six times that for white women. In the next decade 
(45 to 54 years) there is a four- to fivefold difference, 
which falls to a twofold difference at ages 65 to 74.” 
Except for those having some predisposing atherogenic 
condition, women are remarkably protected against MI 
during reproductive life. However, there is now sub- 
stantial evidence that the use of oral contraceptives, as 
formulated in the past, increases the risk of MI. The 
general data were presented on page 447. Up to the 
time of the studies, users who are 35 to 49 years of age 
have about a three- to fourfold greater risk than non- 
users, and this increased risk does not appear to be 
related to duration of use.” For past users 40 to 49 
years of age, the magnitude of the increased risk is 
related to duration of use. With less than five years of 
past use there is no persistent increased risk, but with 
long-term past use (five years or more) the risk is 
increased about twofold. In addition, oral contraceptives 
have been found to multiply the effects of other risk 
factors for MI such as cigarette smoking, which alone 
increases the risk 10- to 20-fold among young women.** ?° 
A recent report emphasizes that the risk of contracep- 
tives may well have been exaggerated because of the 
difficulty in segregating their effects from other concur- 
rent risk factors.*° Cigarette smoking has a comparable 
effect among men.”” 

A number of other variables influence the risk and, 
therefore, the epidemiology of MI, but all must be 
categorized as somewhat controversial. Principal among 
these are personality structure, regular exercise, and 
alcohol consumption. A number of studies have claimed 
that so-called type A individuals—hard-driving, impa- 
tient, competitive, compulsive—are coronary prone. 
However, a recent panel concluded that the findings to 
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date, although strongly suggestive, are not conclusive.” 
Equally uncertain is the value of exercise in the preven- 
tion of coronary heart disease and, in particular, MI.” 
Several reports contend that exercise conditioning, 
when regularly employed, reduces the rate of fatal heart 
attacks.*° These epidemiologic studies have been but- 
tressed by the demonstration that moderate condition- 
ing exercise of monkeys on an atherogenic diet reduces 
the severity of coronary atherosclerosis. Whether the 
physical activity in humans acts in a similar fashion or 
instead increases the capacity of the coronary arterial 
supply or its anastomoses is still uncertain. It is relevant 
that the level of high-density lipoprotein (HDL) is 
increased with exercise, which, as discussed on page 
514, is inversely correlated with atherogenesis. Physical 
conditioning may also augment the fibrinolytic response 
and thereby provide a potential protective mechanism 
against the development of thrombi within coronary 
arteries.*! So it well may be that the joggers shall inherit 
the earth. Moderate alcohol consumption, which is also 
associated with increased HDL levels, has likewise been 
accorded a protective role. Attractive as this last notion 
may be to sedentary authors, the putative beneficial 
effect of moderate alcohol consumption is far from 
proven. 

PATHOGENESIS. Consideration of the pathogenesis 
of MI involves analysis of the sequence of events leading 
to the critical imbalance between the myocardial per- 
fusion and demands. It has already been pointed out 
(p. 552) that severe acute ischemic episodes may have 
one of four consequences: (1) angina pectoris, (2) a 
subendocardial infarct, (3) a transmural infarct, or (4) 
sudden death. The first of these has already been 
discussed (p. 555). The remaining three require separate 
consideration since they have somewhat different 
origins. 

There is general agreement that subendocardial 
infarction is the consequence of global myocardial hy- 
poperfusion secondary to severe stenosing atheroscle- 
rosis of at least two, and more often all three, major 
coronary trunks.*® There is further agreement that an 
occlusive thrombus is present in less than 10 to 20% of 
cases (some say rarely).'* You may recall that the 
subendocardial region of the myocardium works harder 
and is less well perfused than the outer layers (p. 553). 
It is proposed, therefore, that with severe stenosing bi- 
or tri-vessel disease, a state of chronic marginal blood 
flow exists. Further reduction in flow, as might occur 
with episodes of congestive heart failure, hypotension, 
cardiac arrhythmia, or any increase in myocardial de- 
mand from exercise or disease-induced tachycardia, 
would then tip the balance to induce irreversible dam- 
age. The extent of the subendocardial necrosis about 
the ventricular circumference would depend on the 
severity of narrowing of each of the major coronary 
trunks. Thus, if one vessel were relatively free of 
disease, the subendocardial necrosis might not encircle 
the ventricle. 

The pathogenesis of transmural MI is much more 
controversial. The basic question is the precise nature 
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of the trigger event leading to the critical ischemic 
imbalance. Two views are equally ardently proposed. 
The classic view holds that the dominating cause of 
acute MI is thrombotic occlusion of a coronary artery. 
Progressive atherosclerosis presumably leads in time to 
rupture or ulceration of an atheroma or an intraplaque 
hemorrhage as the trigger events inducing the throm- 
bosis. More recently, the possibility has been raised 
that thrombosis is not necessary for infarction. Con- 
ceivably, vasospasm or other mechanisms (detailed later) 
might cause the infarct and possibly be followed by 
thrombosis, or the vasospasm might initiate thrombosis. 
There is, however, agreement that in at least 90% of 
‘ases there is severe multivessel stenosing atheroscle- 
rosis with at least one, usually several, narrowings 
greater than 75% of the lumen.* Moreover, there is 
general agreement that infrequently increased myocar- 
dial demand or hypotensior. in the presence of severely 
narrowed coronary arteries may induce an acute infarct 
even in the absence of thrombosis. But what transpires 
with most transmural infarcts? 

In support of the classic view, many studies docu- 
ment thrombosis in 80 to 95% of acute myocardial 
infarcts overlying a stenosing complicated atheromatous 
plaque.**® °° Moreover, the thrombus is located at a 
site and in the vessel appropriate for the area of ischemic 
necrosis, suggesting cause and effect. Further support 
comes from a coronary angiographic study of patients 
within four hours of the onset of an apparent MI.” A 
totally occluded coronary artery was found in 87%, and 
proved to be caused by a thrombus in the great majority. 
When angiography could not be performed until 12 to 
24 hours after the onset of symptoms, a total occlusion 
was found in only 65% of patients. This decreased 
frequency could imply lysis or disruption of a preexisting 
thrombus or, alternatively, release of vasospasm at the 
site of a thrombus, relieving the total occlusion.*” These 
observations in living patients buttress the contention 
that thrombosis is usually the critical event in the 
production of a transmural infarct. 

Arguments, however, have been presented against 
the critical role of thrombosis in the pathogenesis of 
MI. Many studies report finding thrombi in less than 
59% (some would say only about 35%) of acute in- 
farcts.*> * If thrombosis is not requisite for the initiation 
of an acute transmural infarct, what is the trigger event 
inducing the necrosis? Only some plausible scenarios 
can be suggested. Vasospasm might be a mechanism, 
as pointed out in the discussion of angina pectoris (p. 
555)."" MI has been observed in relatively young 
males with no angiographically demonstrable coronary 
artery disease—not even stenoses. Infarcts have 
developed during or immediately following coronary 
angiography in locations appropriate for the segmental 
vasospasm observed during the angiography.” More- 
over, thrombosis is sometimes found later at postmor- 
tém examination at the site of the spasm. Surprisingly, 
éven atherosclerotic vessels may further narrow under 
the influence of vasospasm. There is, in addition, evi- 
dence that platelet activation and the release of vaso- 
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constrictor substances such as thromboxane A, and 
possibly serotonin may contribute to the vasospasm. *® 
Platelet activation might also result in microthrombi, 
which, in the aggregate, could significantly reduce cor- 
onary flow.*” The following sequence of events can thus 
be proposed. An episode of vasospasm known to be 
transient and unpredictable from the study of many 
patients with Prinzmetal’s angina causes a critical re- 
duction in coronary flow or damages a large atheroma, 
exposing collagen and activating platelets. Platelet ag- 
gregation may reduce myocardial perfusion, or the 
release of vasoconstrictors (e.g., thromboxane A,) from 
the activated platelets might worsen vasospasm. By any 
of these pathways an infarct results and, with or without 
a superimposed arrhythmia, reduces coronary perfu- 
sion, potentiating the formation of a thrombus, logically 
at the site of vasospasm or possibly at a critical stenosis. 

As pointed out earlier, sudden cardiac death (SCD) 
may follow any form of IHD, but study of these patients 
sheds some light on the possible pathogenesis of acute 
MI. The deaths are attributable to the sudden onset of 
some fatal arrhythmia, usually ventricular fibrillation. 
Presumably some acute ischemic event precipitated the 
arrhythmia in a heart already having precarious electri- 
cal instability. A study of 923 individuals who were 
unconscious and pulseless when medical assistance ar- 
rived revealed that most of the victims were in ventric- 
ular fibrillation or asystole.** Fewer than 50% of the 
patients (some say as few as 13 to 28%) who are 
resuscitated after virtual SCD later have detectable 
acute MI.*® But even when an infarct is later found, the 
question arises, did it initiate the arrhythmia, or was it 
precipitated by it? The frequency of acute thrombi in 
individuals who were temporarily rescued is related to 
duration of survival following the onset of symptoms, 
and ranges from 10% to about 50% of cases.*® Despite 
the usual absence of a major thrombotic occlusion, there 
frequently are platelet aggregates and microthrombi in 
the intramural coronary branches.*! Moreover, in over 
90% of cases there is extensive coronary atherosclerosis 
in at least one, and sometimes all three, coronary trunks, 
more severe on the average than in controls. In addition, 
about one-half of the patients have evidence of an old 
MI. It therefore is now believed that most SCDs occur 
in individuals having severe coronary atherosclerosis, 
often an old MI but only infrequently an acute ML. 
Significantly, most have no acute major coronary occlu- 
sion, but instead platelet-fibrin microthrombi. Thus, it 
appears that SCD, related to an arrhythmia, is caused 
by some acute ischemic event that is not necessarily 
initiated by a thrombotic occlusion of a major coronary 
vessel.” It is possible, therefore, that a similar process, 
more severe or more prolonged, might lead to an acute 
MI. 

We can go no further in unraveling the precise 
sequence of events. Although in all likelihood coronary 
thrombosis is the major cause, it seems best to consider 
an acute transmural MI a multifactorial disorder related 
to influences acting singly or in combination that in- 
crease myocardial demand or decrease coronary per- 


fusion. The issue of the precise event that initiates an 
MI is more than academic. If thrombosis is the initiating 
event, anticoagulation therapy might be of benefit to 
high-risk patients such as those with a previous infarct 
or unstable angina. Even if thrombosis were a secondary 
event, its prevention might speed the rate of healing of 
the myocardial lesion or even limit or reduce its size. 
Moreover, efforts to lyse thrombi during the early hours 
of MI by the intracoronary infusion of such thrombolytic 
agents as streptokinase might be of benefit. If vasospasm 
makes a substantial contribution, other therapeutic ap- 
proaches are open. The same speculation could be 
offered for platelets. So it is that we are still struggling 
to understand the origins of acute MI, a disease that 
has been well characterized for over half a century and 
is the number one cause of death in many countries. 


MORPHOLOGY. Acute myocardial infarcts may take one 
of two forms—transmural infarction or subendocardial infarc- 
tion—with occasional overlaps. The classic transmural in- 
farct will be described first, followed by a brief characteri- 
zation of the subendocardial infarct. 

Virtually all transmural infarcts involve the left ven- 
tricle (including the interventricular septum). When they 
affect the posterior free wall and posterior portion of the 
septum, they extend into the adjacent right ventricular wall 
in about 15 to 30% of cases.™ Isolated infarction of the right 
ventricle is extremely uncommon. Either the thicker-walled 
left ventricle carrying the brunt of the cardiac work load is 
more vulnerable to hypoxia than the thinner-walled right 


ventricle, or the critical narrowing of the right coronary rarely . 


occurs sufficiently proximal to affect the blood supply to the 
right ventricle. Atrial infarction is even more infrequent than 
right ventricular infarction. Most often it occurs in conjunction 
with a large posterior left ventricular infarct that extends into 
the right ventricle and into one or both of the atria. Rarest 
of all is isolated atrial infarction, most often on the right. 
Atrial infarctions are worthy of note because they are almost 
always followed by mural thrombosis within the affected 
chamber and sometimes by cardiac rupture.*° 

The transmural infarct as the term implies, extends 
from the endocardium to the epicardium. By agreed defini- 
tion, the area of ischemic necrosis. must be at least 2.5 cm 
in greatest diameter. It may be massive in size and some- 
times may involve the entire circumference of the left ven- 
tricle. Usually infarcts range from 4 to 10 cm in longest 
dimension. The correlation between myocardial pathology 
and coronary artery pathology is imperfect. Infrequently, an 
acute transmural MI is encountered in the absence of 
significant coronary atherosclerosis; thus, it is presumed that 
the causal mechanism was vasospasm. Similarly, a throm- 
bus may or may not be present, as already pointed out. 
Despite these inconstancies, severe stenosing coronary 
atherosclerosis is generally present and the frequencies of 
critical narrowing (and possibly thrombosis) of each of the 
three main arterial trunks and the associated myocardial 
lesions are as follows: 


Anterior wall of left ventricle 
near apex; anterior two- 
thirds of interventricular 
septum. ; 


Left anterior descending coro- 
nary artery (40 to 50%) 


Posterior wall of left ventri- 
cle; posterior one-third of 
interventricular septum 


Right coronary artery 
(30 to 40%) 
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Left circumflex coronary artery __ Lateral wall of left ventricle 
(15 to 20%) 
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Other locations are sometimes encountered, such as the left 
main stem coronary artery. As pointed out earlier (p. 553), 
the stenoses may be located throughout the entire epicardial 
length of each of the three trunks. One virtually never 
encounters stenosing atherosclerosis or thrombosis of a 
penetrating intramyocardial ramification of the epicardial 
trunks. Occasionally, a thrombus is present in the absence 
of an MI, or the converse may be true, as already stressed. 
Occlusive thrombosis may not cause infarction when func- 
tioning intercoronary collaterals or anastomoses are ade- 
quate to maintain sufficient flow. Multiple severe stenoses 
or thromboses may be present with only a single transmural 
infarct. Here it must be assumed that collateral circulation 
was adequate, despite the initial arterial lesion to maintain 
the viability of the dependent myocardium, but that eventually 
the second arterial narrowing or occlusion rendered the 
anastomotic flow inadequate. Thus, it is possible for a severe 
stenosis or thrombosis of the right coronary artery to cause 
an infarction in the area of supply of the left anterior 
descending. Presumably, marked narrowing of the left an- 
terior descending led to the development of collateral circu- 
lation from the right coronary artery. Subsequently, progres- 
sive encroachment or sudden occlusion of the right coronary 
flow resulted in infarction of the myocardium sustained by 
the collateral circulation. Such a phenomenon is referred to 
as infarction at a distance or paradoxic infarction. 
Although most transmural infarcts occur singly, it is not 
infrequent to find several of varying age in the same heart. 
The patient may survive the initial insult only to succumb to © 
a second weeks to years later. Indeed, recurrent infarctions 
are commonplace. Alternatively, expansion of an infarct may 
lead to lesions of varying age. Examination of the heart in 
such cases often reveals a central zone of infarction that is 
days to weeks older than a peripheral margin of more freshly 
ischemic necrosis. An initial infarct may expand because of 
retrograde propagation of a thrombus, more proximal vaso- 
spasm, impaired cardiac contractility that renders more prox- 
imal stenoses critically insufficient, the development of piate- 
let-fibrin microemboli, or the appearance of an arrhythmia. 
Such a sequence of events is called progressive infarction. 
Depending on the length of survival of the patient, the 
transmural infarct undergoes a progressive sequence of 
macroscopic changes.® Because of the time required for 
biochemical reactions to effect morphologic changes, myo- 
cardial infarcts less than six to 12 hours old are usually 
inapparent on gross examination. A slight pallor may be 
present. It is sometimes possible to highlight the gross area 
of ischemic necrosis within the first three to six hours by 
histochemical techniques. Because oxidative enzymes are 
depleted in the area of ischemia, immersion of tissue slices 
in a solution of triphenyl-tetrazolium chloride imparts a red- 
brown color to noninfarcted myocardium where oxidative 
enzymes are preserved, revealing the infarcted areas as an 
unstained pale zone.*” * By 18 to 24 hours the infarct, even 
in the unstained heart, is usually more clearly anemic and 
gray-brown, contrasting with the surrounding normal red- 
brown myocardium. The consistency is still unaltered. Be- 
tween the second and fourth days, the necrotic focus 
becomes more sharply defined with a hyperemic, quite 
irregular border owing to the interdigitating pattern of vas- 
cular supply. The central portion is distinctly yellow-brown 
and soft, owing to the onset of fatty change. Between the 
fourth and tenth days, the infarct is easily distinguished 
and varies from yellow-gray to bright yellow with the pro- 


560 


THE HEART 


gression of fatty change. The central necrotic tissue is 
maximally soft and often contains areas of hemorrhage. The 
margins are intensely red and highly vascularized (Fig. 13- 
4). Becoming grossly apparent at approximately the tenth 
day, there is progressive replacement of the necrotic muscle 
by the ingrowth of fibrous, vascularized scar tissue. In most 
instances, this scarring is well advanced by the end of the 
sixth week, but the time required for total replacement 
depends on the size of the original infarct. 

There are many complications associated with trans- 
mural Mis. The anterolateral or, more often, the poster- 
omedial papillary muscle may undergo infarction when 
the contiguous free wall is affected. The resultant loss of 
papillary muscle contraction may acutely induce incompe- 
tence of the mitral valve that can persist with fibrous healing 
of the infarct. Even worse, the acutely infarcted papillary 
muscle may rupture transversely to cause catastrophic 
gross incompetence of the mitral valve. A fibrinous or 
fibrinohemorrhagic pericarditis usually develops about the 
second or third day. This may be localized to the region 
overlying the necrotic area or it may be generalized. With 
healing of the infarct, the pericarditis usually resolves, but 
occasionally it organizes to produce permanent fibrous 
adhesions. Involvement of the ventricular endocardium 
often results in mural thrombosis, which produces a risk of 
peripheral embolism, and later dense fibrous thickening 
(Fig. 13-5). Rupture of the infarct occurs in 1 to 5% of 
cases. The median time to rupture is four to five days when 
the ischemic focus is maximally soft.S* However, rupture may 
occur within a day of infarction or, in other instances, as late 
as the end of the second week. Most ruptures lead to 
massive pericardial hemorrhage and cardiac tamponade. 
Rupture of the interventricular septum produces a left-to- 
right shunt.®° With large infarcts, the developing fibrous scar 
may undergo progressive ballooning in the course of months 
to years, eventually to produce a ventricular aneurysm 
(Fig. 13-5). Mural thrombosis is common in such aneurysms. 

The histopathologic changes also pursue a more or less 
predictable progression.**®' The irreversibly injured cells 


Figure 13—4. Myocardial infarction. A transmural infarct of 
approximately one week’s duration. The necrotic muscle is 
pale and is rimmed by darker increased vascularization. 


undergo typical ischemic coagulative necrosis (Fig. 13-6). 
Under the light microscope with routine tissue stains the 
coagulative necrosis is not detectable for the first four 
to eight hours. However, a number of more subtle changes 
may be seen at this time. There may be slight separation of 
the myocardial fibers by edema fluid. Stretching and wavi- 
ness of the myocardial fibers at the border of the infarct 
may appear an hour after the onset of ischemia. It is 
thought that these changes result from the forceful systolic 
tugs by the viable fibers immediately adjacent to the non- 
contractile dead fibers, stretching and buckling them (Fig. 
13-7). There may be some elongation of the nuclei in the 
wavy fibers and sometimes an increased eosinophilia of the 


Figure 13-5. Healed myocardial infarction. Myocardium of apical 
region is thinned and pale gray, with some aneurysmal dilatation. 
Subendocardial fibrosis is apparent as pale gray thickening of 
endocardium. 


Fig. 13-6 
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Fig. 13-7 


Figure 13—6. A small focus of acute infarction (two days old) on margins of a large infarct. Dark 
coagulated myofibers with preserved outlines contrast with surrounding viable normal myocardial 


cells. 


Figure 13—7. “Wavy fibers” in a two-day-old infarct showing coagulative changes, elongation, and 
narrowing as compared with normal fibers to right. Widened spaces between the dead fibers contain 


edema fluid and scattered neutrophils. 


cytoplasm. However, wavy fibers are not present in many 
cases and, moreover, they have been identified in other 
forms of heart disease in the absence of myocardial necrosis; 
thus, they are not pathognomonic of infarction. Usually within 
24 hours the morphologic changes have evolved sufficiently 
to be evident (in routine tissue stains) as classic coagulative 
necrosis. The necrotic fibers have increased eosinophilia, 
granularity of the cytoplasm, and nuclear pyknosis or kary- 
olysis. Cross striations are usually visible even in coagulated 
fibers, although they may be blurred, but they progressively 
disappear over the ensuing few days. Usually within the first 
day, interstitial edema, fresh hemorrhage, and scant neutro- 
philic exudation appear in the margins of the infarct. During 
the second day, the neutrophilic exudation becomes more 
marked, the dead fibers more distinctly coagulated, and all 
nuclei begin to disappear. Some cells undergo progressive 
lysis of myofibrils (myocytolysis), producing clear vacuola- 
tion of the sarcoplasm and eventually leaving only empty 
sarcolemmal sheaths. Over subsequent days, the neutro- 
phils are progressively replaced by macrophages and the 
coagulated cytoplasm becomes filled with finely dispersed 
fat droplets. Removal of the necrotic cytoplasm occurs by 
two mechanisms: release of lysosomal enzymes and phag- 
ocytosis by scavenger macrophages. Fibrovascular ingrowth 
becomes evident in the margins toward the end of the first 
week and usually completely replaces the area of necrosis 


by six weeks, although in very large infarcts central islands 
of persistent necrotic muscle may be present, even months 
after the acute event (Fig. 13-8). 

The margins of the irreversibly coagulated cells may 
disclose a second pattern of acute ischemic cell injury, 
namely contraction band necrosis. While the central co- 
agulated cells become arrested in a relaxed state, at the 
edges of the infarct there is some marginal reperfusion and 
the cells may eventually die in a hypercontracted state, 
producing intensely eosinophilic bands that span the width 
of the myofiber (Fig. 13—9).® Ultrastructural studies confirm 
marked shortening of sarcomeres, approximation of | bands, 
and calcium matrix densities within mitochondria. This dis- 
tinctive pattern of contraction band injury and necrosis is not 
limited to the margins of acute infarcts but is also seen 
following temporary severe ischemia followed by reflow, and 
so is frequently encountered in patients undergoing coronary 
artery surgery, and is also seen in shock and following 
exposure to high levels of catecholamines and cardiotoxic 
drugs. The margins of a transmural infarct have also at- 
tracted a great deal of attention because of the hope that 
precariously viable border zones might be saved by acute 
intervention to reduce the size of the lesion. Even in 
transmural infarcts there is usually a very narrow zone, only 
a few cells thick, of preserved subendocardial and subepi- 
cardial muscle. Presumably these cells are maintained by 
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Figure 13—8. Healing margin of a ten-day infarct. Loose fibrovas- 
cular connective (granulation) tissue has totally replaced the in- 
farcted myofibers. 


imbibition and collateral subepicardial vessels. More at issue 
are the lateral borders. Although opinions vary, most studies 
do not find a significant margin of reversibly injured myocar- 
dium when infarcts have evolved sufficiently to reveal un- 
mistakable evidence of myofiber necrosis.® ® This, however, 
does not preclude the possibility that in the early hours after 
an acute event there may be a perimeter of injured but 
salvageable tissue that, over the subsequent four to eight 
hours, either completely recovers or dies. Prompt interven- 
tions in the first three to four hours, therefore, might favorably 
influence the size of the infarct. 

Early histologic recognition of acute Mls continues to 
be a problem of considerable importance, as in the individual 
who dies within minutes to a few hours of a possible acute 
ischemic event. Depletion of glycogen granules, slight swell- 
ing of mitochondria, slight margination of nuclear chromatin, 
and focal dilatation of sarcoplasmic reticulum can be seen 
by electron microscopy after 10 to 15 minutes of coronary 
occlusion in the dog. Similar changes are believed to take 
place in infarcted human myocardium. With increasing du- 
ration of ischemia (20 to 60 minutes), mitochondrial swelling 
increases and amorphous densities appear within the mito- 
chondrial matrix.*” The matrix densities are composed of 
calcium phosphate and probably imply loss of normal mem- 
brane permeability and irreversible injury. With the passage 
of time, the clumping of chromatin at the periphery of the 
nuclei becomes more marked and is accompanied by swell- 
ing of the endoplasmic reticulum and the entire cell. Vacuoles 
sometimes appear within the cytoplasm and under the 
sarcolemmal membrane, and in three to six hours rupture of 
sarcolemmal membranes marks the cell as dead. Regretta- 
bly, autolytic changes mimic many of these alterations, 


: F 9 ze be ee ; z 3 E 

og : ¢ é y 
S PF, Z ” S é "i =A eet % “x . 

¥ ae 3 *3 2 J Bee gad 

. ‘ 3 a. y aR 

Ee 4 . % oa BAS 
F ‘ = ‘ FS F3 
g J 4 : = e Pas #3 

ca Pu 3 * F ys, Seo: | t inl es oe z 


Figure 13-9. Contraction band necrosis (arrows) visible as dark 
bands spanning the myofibers. There is hemorrhage and neutro- 
philic infiltration between the fibers. 


severely limiting their usefulness in the usual postmortem 
examination of the heart. Biochemical analysis provides a 
promising approach. Within 10 to 15 minutes after an is- 
chemic event, potassium is lost and sodium is increased in 
the infarcted area.° Thus, a clear-cut decrease in the 
potassium-sodium ratio, as compared with the normal 
myocardium, marks an area as infarcted, but this technique 
is of limited value in mapping the outlines of an infarct, and 
sometimes is not definitive. Histochemical techniques dem- 
onstrate reduced levels of succinic and isocitrate dehydro- 
genase, cytochrome oxidase, and phosphorylases within 
one to three hours following the onset of infarction. Depletion 
of glycogen within infarcted cells, as demonstrated by the 
periodic acid—Schiff (PAS) reaction, begins to appear in the 
experimental animal within five minutes of coronary ligation 
and is well developed in human lesions thought to be 30 to 
60 minutes old. Still other techniques have been explored 
but none are completely reliable, and so identification of very 
early infarcts continues to be a problem. 

The morphologic changes in transmural infarcts are 
summarized in Table 13—1, which attempts to correlate the 
various investigative modalities. 

We can now turn to a brief characterization of the 
subendocardial infarct, also referred to as subendocar- 
dial ischemic necrosis. As mentioned, these are typically 
multifocal areas of necrosis confined to the inner one-third 
to one-half of the left ventricular wall. The focal lesions are 
less sharply demarcated than the classic transmural infarct 
and may be sufficiently subtle to be difficult to establish at 
gross examination. The tetrazolium staining technique facil- 
itates the delineation of the necrotic areas (Fig. 13-10). 
Often they fan out widely over a large subendocardial zone. 
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Table 13-1. SEQUENCE OF CHANGES IN MYOCARDIAL INFARCTION 


Time Electron Microscope Histochemistry 


Light Microscope Gross Changes 


0-2 hr Mitochondrial swelling; | Dehydrogenases 
distortion of cristae; | Oxidases 
matrix densities; | Phosphorylases 
relaxation of myofibrils; ) Glycogen 
margination of nuclear J 
chromatin 

Margination of nuclear 
chromatin 


4-12 hr 


18-24 hr 


24-72 hr 


3-7 
days 


10 days 


7th wk 


K and ¢ Na* and Ca** 


? Waviness of fibers at border 


Beginning coagulation necrosis; 
edema; hemorrhage; beginning 
neutrophilic infiltrate 

Continuing coagulation necrosis 
(pyknosis of nuclei; shrunken 
eosinophilic cytoplasm); 
marginal contraction band 
necrosis 

Total coagulative necrosis with 
loss of nuclei and striations; 
heavy interstitial infiltrate of 
neutrophils 

Beginning fatty change in dead 
myofibers and resorption of 
sarcoplasm by macrophages; 
onset of marginal fibrovascular 
response 

Well-developed fatty changes; 
prominent fibrovascular 
reaction in margins 


Pallor 


Pallor, sometimes 
hyperemia 


Hyperemic border; central 
yellow—brown softening 


Maximally yellow and soft; 
vascularized margins; 
red-brown and 
depressed 

Scarring complete 


The foci of ischemic necrosis do not evolve through the 
sequence of macroscopic changes described for the trans- 
mural infarct. Rather, at the early stages they appear as 
somewhat paler or redder areas, not more than 1 cm in 
diameter, separated by bridges of preserved myocardium. 
The genesis of this pattern of damage is poorly understood, 
but must relate to the interdigitating distribution of the blood 
vessels derived from different sources of supply. As small 
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Figure 13-10. Subend 


areas of cell death, they are transformed to progressively 
more discrete foci of redness in the course of the first week, 
undergo more rapid vascularization in the reparative phase, 
and then undergo pale, fibrous scarring. Although mural 
thrombi may supervene over the endocardial surface of 
these lesions, pericarditis, ventricular aneurysms, and rup- 
ture rarely follow. Infrequently, a subendocardial infarct as- 
sumes the confluent, well-defined appearance of the trans- 


ocardial infarct. This slice of left ventricle has been stained for lactic 


dehydrogenase enzyme by the tetrazolium test. Infarcted subendocardial myocardium, which has lost 


the enzyme, is unstained. 
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mural infarct, and may then pursue the same evolving 
sequence of macroscopic and microscopic changes de- 
scribed for the transmural lesion. 

Following the description of the transmural infarct and 
the subendocardial infarct, it is necessary to point out that, 
on occasion, both patterns are found in a heart. Typically, 
subendocardial infarction is present, involving a fairly large 
segment of the circumference with transmural extension in 
a more localized area. There is no way of ascertaining 
whether the transmural involvement followed on the heels 
of the subendocardial infarction, since both lesions often 
appear to be at the same stage of evolution. However, the 
possibility of a temporal sequence separated by a brief 
interval of time cannot be excluded. In some dogs, ligation 
of a coronary artery for 40 minutes produces subendocardial 
necrosis at first, but with increasing duration of coronary 
occlusion, the infarct tends to become transmural—referred 
to as the ‘“‘wavefront phenomenon.’’® It is possible, there- 
fore, that transmural infarcts begin with subendocardial ne- 
crosis that extends in some instances, depending on the 
severity and duration of the ischemia. 


CLINICAL Course. The clinical diagnosis of acute 
MI is mainly based on three sets of data: (1) symptoms, 
(2) electrocardiographic (ECG) changes, and (3) eleva- 
tions of specific serum enzymes, although other diag- 
nostic modalities are available, e.g., radioisotope scan- 
ning. Typically, the onset is sudden and devastating 
with severe, constricting, crushing, burning, substernal 
or precordial pain that often radiates to the left shoulder, 
arm, or jaw. It is often accompanied by sweating, 
nausea, vomiting, or breathlessness. Occasionally, the 
clinical manifestations are much less specific and consist 
of burning substernal or epigastric discomfort that is 
interpreted as “indigestion” or “heartburn.” In about 
one-third of patients the onset is entirely asymptomatic 
and the disease is only discovered later by routine ECG 
changes. 

The ECG changes usually become evident from 
the outset of the attack, although they may be nondi- 
agnostic in 20 to 25% of patients, depending on the 
location of the infarct, its size, and the number of ECG 
leads examined. The precise changes that may be en- 
countered are too complex to be discussed here in 
detail, but basically they consist of new Q waves asso- 
ciated with evolving ST-segment and T-wave changes 
in transmural infarction, or only ST-segment and T- 
wave changes in the subendocardial infarct. As the 
infarct evolves, the ST segment normalizes and the T 
waves invert. A variety of arrhythmias also may be 
present, as will soon be pointed out. These may be 
present from the outset or appear in the course of the 
next few hours. 

Alterations of serum enzymes are more sensitive 
and reliable indicators of myocardial infarction than 
ECG changes. Serum glutamic-oxaloacetic transaminase 
(SGOT), lactic dehydrogenase (LDH), and creatine ki- 
nase (CK) levels are generally elevated following an 
infarct. All are soluble cytoplasmic enzymes that leak 
out of damaged myocardial cells. However, the diag- 
nostic specificity of these enzymes is compromised 
because increased levels may be observed with noncar- 


diac lesions, e.g., elevations of SGOT with pulmonary 
infarction and of LDH with hepatic necrosis. Much 
greater specificity can be achieved with the use of 
particular isoenzymes. There are five isoenzymes of 
LDH, identified as 1 through 5. In the normal individual 
the serum levels of LDH, are lower than those of LDH,. 
A reversal of this ratio is usually apparent about 12 
hours after the onset of an MI, and peaks in 48 to 72 
hours. This reversal has been found to be about 90% 
sensitive and 95% specific for acute MI, and moreover 
it may persist for up to six days and can thus be useful 
in instances of recent post infarction. However, false- 
positive results may be encountered from in vivo and 
in vitro hemolysis or renal cortical necrosis. The most 
specific indicator of myocardial necrosis is elevation of 
the MB isoenzyme of CK.” This isoenzyme is found in 
significant concentrations only in heart muscle; nor- 
mally, it cannot be detected in the serum or is present 
in minute amounts. Thus, significant elevations are 
variously reported in 85 to 95% of patients following an 
acute MI when samples are taken at the appropriate 
time. The mean appearance time of this isoenzyme is 
about seven hours post infarction (peak levels occur at 
about 19 hours) and it is eliminated in about 48 hours. 
The level of the elevation has been used as a parameter 
of the size of the infarct. With all enzyme determina- 
tions, the analytic techniques and time of sampling are 
critical. 

Radioisotope scanning techniques have added an- 
other approach to the diagnosis of myocardial infarction. 
Although only used in special instances, they provide a 
method of mapping the infarct and therefore estimating 
its size. Most widely used are technetium®", pyrophos- 
phate, and thallium-201. Technetium-labeled pyrophos- 
phate apparently binds to the calcium phosphate in the 
matrix densities accumulating in the mitochondria of 
irreversibly damaged myocardial cells. Thallium, on the 
other hand, distributes in the heart in proportion to the 
myocardial perfusion. Thus, highest concentrations ap- 
pear in normal myocardium while the infarct remains 
“cold.” Both of these scintigraphic techniques yield 
false-positive and false-negative results and are consid- 
erably less widely used than isoenzyme determinations. 
Nonetheless, a totally normal scan is strong evidence 
against the diagnosis of acute MI. 

After the onset of an acute ischemic event, one of 
several pathways may be followed. Regrettably, one is 
very brief and marked by SCD (25% of patients).”! 
Indeed, SCD accounts for about 70% of all deaths caused 
by IHD. However, mobile coronary care units and 
effective resuscitation teams now “rescue” many of these 
victims. If the patient develops an acute MI and reaches 
the hospital, the spectrum can be presented as follows:* 
1. Uncomplicated cases (10 to 20%). 

2. Complicated cases (80 to 90%). 
A. Cardiac arrhythmias including conduction defects 
(90%). 


*Modified from Yu, P. N.: The acute phase of myocardial 


infarction. Cardiovasc. Clin. 7:45, 1975. 


Left ventricular congestive failure with mild-to- 
severe pulmonary edema (60%). 
Cardiogenic shock (10 to 15%). 
Rupture of free wall, septum, papillary muscle (1 
to 5%). 

E. Thromboembolism (15 to 20%). 

Cardiac arrhythmias may appear at once and un- 
doubtedly are responsible for many sudden deaths. 
Often they take the form of heart block, sinus bradycar- 
dia, sinus tachycardia, ventricular tachycardia, or ven- 
tricular premature contractions. Ventricular fibrillation 
is the most lethal, but prompt intervention by mobile 
and hospital coronary care units has succeeded in con- 
trolling this form of arrhythmia in about one patient in 
four or five. 

The next most important clinical problem in terms 
of both survival and frequency is left ventricular dys- 
function, which varies from little or no contractile 
incompetence to severe “pump failure’ —cardiogenic 
shock. Most often there is some degree of left ventricular 
failure with hypotension, pulmonary vascular congestion 
and transudation into the interstitial pulmonary spaces. 
This mild failure may be transient, but in others it 
progresses to a serious threat when intra-alveolar pul- 
monary edema causes marked respiratory embarrass- 
ment and even cyanosis. The most severe extreme 
degree of “pump failure’ usually becomes manifest 
when more than 40% of the left ventricle is infarcted. 
This is marked by a profound drop in cardiac output 
and blood pressure and the development of cardiogenic 
shock. Despite all heroic efforts to improve and sustain 
the circulation in these patients, the mortality rate is 
near 80%. 

Were these hazards not enough, patients still con- 
front the risk of myocardial rupture and mural throm- 
bosis with peripheral embolization (Fig. 13-11). As 
pointed out, rupture may occur through the left ven- 
tricular free wall to produce massive hemopericardium, 
cardiac tamponade, and sudden death. Rupture through 
the interventricular septum may yield grave pulmonary 
consequences. Rupture of the papillary muscle and 
valvular dysfunction is another mechanism for severe 
congestive failure or cardiogenic shock. The prevention 
of peripheral embolism by anticoagulation is usually 
instituted but incurs the risk of bleeding (hemopericar- 
dium, hematemesis, hematuria). 

It is difficult to express a prognosis for acute MI 
because of many modifying influences, e.g., age of 
patient, previous cardiovascular status, size and site of 
infarct, and manner of treatment.” ” Only some gen- 
eralities can be offered. As pointed out, some patients 
rescued from SCD are later found to have had an acute 
MI. Thus, some of the mortality related to acute infarc- 
tion is “buried” within the category of SCD. Of those 
who are spared this catastrophe, about 10 to 15% 
succumb, usually in a hospital during the first four 
weeks. An additional 10% die during the first year, 
mostly of recurrent MI or cardiac failure. There is a 
continued three- to fourfold excess mortality in subse- 
quent years, related to recurrent MI and cardiac failure. 
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Figure 13-11. External surface of a heart with a three-day-old 
infarct. Dark linear tear (arrow) communicates with a rupture of 
anterior free wall of left ventricle. 


Many efforts have been made to lower the inci- 
dence of MI in patients known to already have advanced 
coronary artery disease by reducing the major risk 
factors for coronary atherosclerosis (hypertension, hy- 
percholesterolemia, and cigarette smoking). The results 
to date of these “secondary prevention’ programs have 
been disappointingly equivocal. However, a very recent 
“primary prevention’ study has been completed of men 
not having had any previous acute coronary events.” 
It was focused only on lowering the hypercholesterole- 
mia when it was above the level of 265 mg per dl of 
blood. Modest restriction in dietary cholesterol intake 
was instituted combined with cholesterol-lowering drugs 
(e.g., cholestyramine) and the incidence of nonfatal and 
fatal MIs was reduced by 20% compared with a carefully 
matched control group. This result is the first striking 
demonstration that the attack rate of MI can be lowered. 

A substantial effort is also being made to improve 
the outlook by reducing or limiting the size of MIs with 
acute interventions. A variety of approaches have been 
used: (1) direct infusion of fibrinolytic agents, e.g., 
streptokinase, into the coronary arteries during the early 
hours after infarction to lyse thrombi; and (2) agents 
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to beneficially effect coronary perfusion, myofiber integ- 
rity, or myocardial metabolism, e.g., hyaluronidase, 
beta blockers, glucose-insulin-potassium, or corticoste- 
roids.” A major difficulty has been proof of reduction 
in infarct size in the living patient. Nonetheless, im- 
provement in immediate postinfarction survival has 
been demonstrated. 

The long-term prognosis has also been materially 
improved by regimens to reduce the frequency of SCD 
and recurrent MI in patients during the year or two 
following acute infarction.” The many approaches in 
current use can be only briefly mentioned—beta-adren- 
ergic blockage (e.g., propranolol, timolol); calcium- 
channel blockers that, in addition to their negative 
inotropic and chronotropic effects, induce vasodilation 
(e.g., nifedipine, verapamil); anticoagulant therapy; and 
antiplatelet aggregating agents (aspirin, sulfinpyrazone). 
Significant reductions (on the order of 25 to 50%) have 
been achieved in the mortality from SCD and recurrent 
MI.” Still controversial is the bypass of coronary occlu- 
sions with venous grafts in an attempt to improve 
perfusion and prevent primary or recurrent infarction.” 
Coronary artery bypass grafts are subject to progressive 
intimal fibrosis, occasional thrombosis, and even ath- 
erosclerosis, but at least 60 to 80% remain patent for 
five or more years. It is clear that patients with ischemic 
heart disease are victims of an all-too-common and all- 
too-fatal disease, but at the same time the beneficiaries 
of intensive efforts to improve their outlook. 


THE HEART 


CHRONIC ISCHEMIC HEART DISEASE (CIHD) 


Slow, progressive atherosclerotic encroachment on 
the blood supply to the myocardium may induce the 
insidious onset of CHF in the elderly. Frequently, one 
or more MIs have punctuated this course. This pattern 
of IHD is characterized anatomically by diffuse myocar- 
dial atrophy, loss of myocardial cells (singly and in 
clusters), diffuse myocardial fibrosis, and sometimes one 
or more large areas of scarring from past episodes of 
infarction. In the past, this entity has been known by a 
variety of terms—‘'aging heart disease, atherosclerotic 
heart disease, and ischemic cardiomyopathy—but all 
are unsatisfactory. It is not the inevitable consequence 
of advancing years. The term “atherosclerotic heart 
disease’ logically would also include acute infarction 
and AP. Cardiomyopathies, by definition, exclude myo- 
cardial damage related to coronary atherosclerosis, so 
the term CIHD is currently favored. 

Chronic ischemic heart disease is a major cause of 
cardiac failure and death. It is responsible for about 
40% of the mortality related to IHD, and in 1979 caused 
almost 250,000 deaths in the United States. In the 
absence of attacks of AP or acute infarction, this condi- 
tion may remain entirely unsuspected until slow, pro- 
gressive cardiac decompensation appears. There is an 
unfortunate tendency to ascribe cardiac failure to CIHD 
when other causes for heart failure cannot be identified. 
It is a distinctive form of cardiac involvement, having 
well-defined morphologic changes. 


The heart in this condition may be normal, smaller than 
normal in size, or even hypertrophied. The pericardial sur- 
face is unaffected, but there may be some atrophy of 
subepicardial fat commensurate with the loss of subcuta- 
neous adipose tissues encountered in very aged individuals. 
Almost invariably, there is moderate-to-severe stenosing 
atherosclerosis of the coronary arteries. There may even be 
foci of total occlusion, possibly resulting from organized 
thrombi. The myocardium is often browner than usual or 
may be of normal color. Scars may be grossly visible, but 
typically they are not more than 0.5 to 1.0 cm in diameter, 
almost always confined to the left ventricle. Occasionally 
there is an obvious well-healed infarct. The left ventricle is 
usually dilated. The left ventricular wall will vary in thickness, 
depending on the duration of failure and the extent of the 
myocardial adaptive changes. The mural endocardium is 
generally unremarkable, but there is often slight fibrous 
thickening of the valves of the left side of the heart sufficient 
to make the leaflets lose their normal translucence. The 
chordae tendineae of the mitral valve may be comparably 
thickened but are not fused or significantly shortened, as is 
characteristic of healed rheumatic heart disease. Heavy 
calcification of the mitral annulus behind the valve leaflets 
and piled-up masses of calcium within the sinuses of the 
aortic leaflets may both be present, but these valvular 
changes are accompaniments of the aging process and are 
not clearly related to ischemic injury. 

The major microscopic findings are myocardial atrophy, 
myocytolysis of single cells or clusters of cells, and diffuse 
small scars, particularly about vessels (Fig. 13—12).°° The 
overall decrease in size of the myocardial cells is difficult to 
appreciate but is made most apparent by a subtle, intercel- 
lular fibrosis and the increase in yellow-brown perinuclear 
lipofuscin—“‘aging’—pigment. Some myofibers may be en- 


sels of myocardium in CIHD. 


larged owing to compensatory hypertrophy. Myocytolysis 
with resorption of sarcoplasm creates clear cytoplasmic large 
vacuoles or empty sarcolemmal sheaths. Collapse of the 
empty sheaths contributes to the appearance of the diffuse 
fibrosis. Large, healed myocardial scars may be present as 
the result of earlier episodes of acute infarction. It is the 
concurrence of atherosclerotic narrowing of the coro- 
nary arteries, spotty myocytolysis, diffuse and small 
myocardial scars, and the changes of cell atrophy that 
delineates the diagnosis of CIHD.* 


CLINICAL Course. This form of heart disease is 
completely asymptomatic until its presence becomes 
manifest by the insidious appearance of cardiac decom- 
pensation, as the cardiac reserve is depleted fiber by 
fiber. Often it is discovered only as an incidental finding 
at autopsy. Some patients, however, have had attacks 
of angina or remote episodes of MIs. Occasionally the 
onset of congestive failure is more sudden and follows 
a precipitating illness such as pneumonia or some other 
form of debilitating disease. Failure, when it becomes 
manifest, is initially left-sided but ultimately leads to 
right-sided cardiac decompensation as well. 

The clinical diagnosis of CIHD is made largely by 
the insidious onset of failure in patients who have had 
past episodes of MI or anginal attacks. In the absence 
of such evidence of severe coronary atherosclerosis, the 
diagnosis must rest on the exclusion of other forms of 
cardiac involvement in patients of advanced age. 

The electrocardiographic changes merely confirm 
diffuse myocardial disease, sometimes with conduction 
bundle-branch blocks. Such murmurs as may be present 
are more likely related to left-sided ventricular dilatation 
with subsequent valvular regurgitation or to concurrent 
but unrelated calcific valvular changes. Generally, the 
congestive failure progresses slowly over the course of 
many years. However, a serious cardiac arrhythmia or 
an infarction may supervene and cause death. Patients 
with this condition may die of entirely unrelated causes 
before the cardiac involvement becomes symptomatic. 
It must be appreciated that in this geriatric group, 
patients rarely have one disease, and most often the 
manifestations of CIHD are intermixed with those re- 
lated to all the other problems of these “not-so-golden 
years. 


HYPERTENSIVE HEART DISEASE (HHD) 


The minimal criteria for the diagnosis of HHD are 
(1) left ventricular hypertrophy in the absence of other 
cardiovascular pathology that might reasonably induce 
it and (2) a history of hypertension. Straightforward as 
this may sound, there are complexities. Hypertension 
strongly predisposes to atherosclerosis, and so most 
patients with elevated blood pressure have significant 
coronary atherosclerosis. It is difficult then, if not im- 
possible, to segregate the contributions of ischemic 
injury with compensatory hypertrophy from those of 
hypertension in the induction of the cardiac enlarge- 
ment. Equally bothersome is the concurrence of hyper- 
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tension and some other form of heart disease in an 
individual with cardiac enlargement. By definition, the 
diagnosis of HHD cannot be made when there is some 
other cause for hypertrophy, such as aortic valvular 
stenosis, yet the hypertension may have contributed 
significantly to the hypertrophy and cardiac failure. 
Another problem, the definition of hypertension, is 
better left to clinicians and statisticians. Suffice it to 
note that the World Health Organization has designated 
160/95 mm Hg as the dividing line, but these levels 
may be too high. In the Framingham Study, subjects 
having blood pressure readings between 140/90 and 160/ 
95 had twice as much cardiovascular disease over the 
subsequent 18 years as the control group.*! 

Complexities notwithstanding, HHD is today the 
second most common cause of cardiac death, albeit 
totally overshadowed by IHD. In the United States in 
1978 it caused about 7000 deaths. However, it should 
be noted that hypertension-accelerated coronary athe- 
rosclerosis contributes significantly to many of these 
deaths. About 30 to 50% of untreated hypertensives die 
of heart disease, and the remainder of stroke, hyperten- 
sive renovascular disease, and vascular complications 
(e.g., atherosclerotic aneurysms), in descending order. 
The mortality from hypertension and HHD over the 
past decades has declined in the U.S., and more among 
whites than among blacks. Much of this decline can 
reasonably be attributed to improved case finding and 
treatment of hypertension, but it is of interest that the 
decline began before effective methods of antihyperten- 
sive therapy came into wide use. Nonetheless, hyper- 
tension remains a major health problem. In the mid- 
1970s it was estimated that about 50% of blacks and 
35% of whites in the U.S. over the age of 55 had a 
systolic blood pressure of at least 160 or diastolic pres- 
sure of at least 95. 

PATHOGENESIS. The etiology and pathogenesis of 
hypertension are considered on page 1041. Here we are 
concerned with its effect on the heart. The blood 
pressure level is governed by the cardiac volume output 
and outflow resistance. The major components of the 
latter are peripheral arteriolar resistance, compliance of 
the large arteries, and the viscosity and inertia of the 
blood, all of which create resistance to the systolic 
ejection of blood from the left ventricle. High blood 
pressure places a so-called pressure overload on the left 
ventricle (much like aortic stenosis; aortic regurgitation, 
by contrast, imposes a volume overload). It does so 
largely by increasing the resistance to left ventricular 
outflow, mostly by widespread arteriolar vasoconstric- 
tion; hence, the effectiveness of vasodilators in the 
reduction of elevated blood pressure. Once initiated, 
the increased blood pressure tends to rise progressively. 
Hypertension accelerates the development of athero- 
sclerosis, reducing large vessel compliance, and induces 
thickening of the walls of small arteries and arterioles 
(see arteriolosclerosis, p. 518). The vascular disease in 
turn increases peripheral resistance and viscosity-related 
frictional drag. The heart, then, must maintain a normal 
cardiac output against this increased peripheral resis- 
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tance and can accomplish this only by hypertrophy of 
myofibers, and so comes about the cardiac enlargement 
of HHD. However, thickening of the left ventricular 
wall imposes new burdens. The oxygen demand is 
increased and the left ventricular compliance reduced. 
The almost inevitably present coronary atherosclerosis 
undoubtedly adds another unfavorable element. More- 
over, in aged hosts or when the stress is severe, the 
hypertrophied myofibers lack normal contractility.** De- 
spite these problems, as long as the hypertrophy of the 
heart maintains a normal cardiac output, compensation 
may exist. Eventually, however, dilatation of the failing 
heart ushers in decompensation. 

It is characteristic of -HHD that cardiac failure 
usually begins insidiously and without apparent provo- 
cation. Why it commences at some point in time is a 
mystery, as is the precise genesis of the failure at the 
level of the myofiber, as already discussed (p. 548). The 
hypertension-induced myofiber enlargement may be 
pathologic with reduced contractility.*> Another theory 
suggests that, with cardiac hypertrophy and increase in 
the size of myocardial fibers, the diffusion distance for 
oxygen increases and ultimately adversely affects the 
myofiber metabolism and function.™ The arteriosclerosis 
mentioned earlier might further impair perfusion of the 
capillary beds.*? Hypoxia or increased myocardial wall 
stress might lead to an increase in intercellular collagen, 
interfering with ventricular compliance and function.” 
Equally controversial is a putative reduction in the 
number of capillaries relative to the number of myofi- 
bers per unit volume of ventricular wall.* All these 
theories are highly speculative, and so the basis for 
myocardial and cardiac failure in HHD remains a mys- 
tery. 


THE HEART 


MORPHOLOGY. The principal morphologic evidences 
of HHD are left ventricular thickening with accompanying 
increases in size and weight of the heart (Fig. 13-13). It 
should be noted that the anatomic diagnosis of HHD can 
be made only in the absence of other cardiac abnor- 
malities, such as valvular lesions, congenital abnormal- 
ities, and diseases of the aorta, which of themselves 
may be productive of pressure or volume overload and 
consequent myocardial hypertrophy. Such abnormalities 
make the anatomic diagnosis of HHD impossible, although, 
admittedly, concomitant hypertension may have contributed 
to the myocardial hypertrophy. 

During the stages of compensated HHD, the hypertro- 
phy principally affects the left ventricle. The hypertrophy may 
thicken the left ventricular wall to more than 2.5 cm and 
increase the total weight of the heart to 500 to 700 gm. 
Thickening of the left ventricular wall occurs at the expense 
of the volume of the left ventricular chamber, and is referred 
to as concentric hypertrophy. At this stage, the overall 
size of the heart measured by chest radiograph would not 
be excessive. In contrast with volume overload, as in aortic 
regurgitation, the hypertrophy is referred to as eccentric 
because the left ventricular chamber size (and heart) enlarge 
along with the increased thickness of the left ventricular wall. 

With the onset of decompensation, dilatation of the left 
ventricle occurs, and the overall dimensions of the heart 
may then be considerably enlarged. It may be only at this 


Figure 13-13. Hypertensive heart disease. Transection of heart 
revealing concentric marked thickening of left ventricular wall with 
reduction of lumen. Transected right ventricle is barely evident on 
lower right. 


time that cardiac enlargement is sufficiently prominent to be 
demonstrable on x-ray or clinical examination. The stretching 
of the heart wall decreases the thickness of the myocardium 
and may thus mask the preexistent thickening. Incomplete 
emptying of the failing left ventricle throws an increased 
burden through the atria and pulmonary circulation onto the 
right side of the heart, with resultant hypertrophy and dila- 
tation of all cardiac chambers. Valvular deformities and 
pathologic involvement of the epicardium and endocardium 
are absent. Although coronary atherosclerosis is not an 
intrinsic feature of HHD, it is frequently found in such hearts 
because of the causal relationship mentioned previously. 

Microscopically, the changes in HHD are subtle, incon- 
stant, and readily missed on routine examination. The my- 
ofibers may appear to be essentially normal, but micrometric 
analyses reveal an increase in myofiber volume and mean 
diameter that is more marked in the subepicardial region 
than in the subendocardial. The upper limit of normal myofi- 
ber diameter is generally accepted to be 12 to 13 pm. In 
HHD the diameters may double.®° Nuclei in some cells are 
hyperchromatic and enlarged and sometimes become some- 
what rectangular with squared ends, in contrast to the 
tapering conformation of normal myofiber nuclei. Occasion- 
ally they assume bizarre shapes and are vesicular. There 
may or may not be an apparent increase in interstitial 
collagen, but at most it is extremely subtle. In the normal 
heart, in appropriate planes of section a capillary can be 
found interposed between adjacent myofibers. No alteration 
in the number or distribution of capillaries is usually detect- 
able in the hypertensive heart. However, the intramyocardial 
arterioles are usually thickened as a reflection of the hyper- 
tension (p. 518). 

Electron microscopy of cardiac hypertrophy secondary 
to aortic stenosis has revealed a multiplicity of ultrastructural 
changes. Although it is not certain that these observations 
apply to hypertension-induced hypertrophy in both settings, 
the ultimate basis of the myofiber change is pressure over- 


load. In mildly altered cells there is focal myofibrillar lysis 
with preferential loss of thick (myosin) filaments as well as 
proliferation of sarcoplasmic reticular tubules. More severely 
degenerated cells disclose more complete loss of myofibrils 
and degeneration of T tubules.®*” Reduction in the volume 
fraction of myofibrils relative to other organelles could ac- 
count for poor myofiber performance.” 


CLINICAL CouRSE. Compensated HHD is asymp- 
tomatic and consists merely of cardiac enlargement 
without signs or symptoms of circulatory insufficiency. 
The patient, however, may have other symptoms of 
hypertension, such as palpitation, headaches, and poorly 
defined asthenia. Abnormalities of the retinal vessels 
and eye grounds, known as hypertensive retinopathy, 
may appear. These ocular changes are associated with 
extremely severe hypertension. 

Symptoms of cardiac decompensation predomi- 
nantly reflect left ventricular congestive failure. Diag- 
nosis of this condition is based on the finding of systemic 
hypertension and clinical, roentgenologic, or electrocar- 
diographic evidence of cardiomegaly. Other causes for 
the cardiac enlargement must be ruled out. In particu- 
lar, cardiac hypertrophy in the absence of valvular 
defects may appear in certain forms of cardiomyopathy, 
as discussed on page 597. This possibility must be borne 
in mind in the clinical, and indeed the pathologic, 
diagnosis of HHD. 

It is virtually impossible to express a course for 
HHD since it is dependent on the severity and pro- 
gression of the elevation of blood pressure, and concur- 
rent complications of hypertension such as hypertensive 
renal disease and cerebrovascular disease, and it is 
significantly altered by antihypertensive therapy. Al- 
though the hypertension may have been mild at the 
outset, there is a well-defined tendency for it to become 
progressively more severe when uncontrolled by ther- 
apy. With severe uncontrolled hypertension, cardiac 
decompensation is usually followed by death within a 
year. Even modest elevations of blood pressure, un- 
treated, shorten longevity by as much as ten years. '* It 
is significant that therapy for even mild hypertension 
significantly lowers the incidence of cardiovascular com- 
plications when other risk factors for IHD are present, 
e.g., hypercholesterolemia, cigarette smoking, or dia- 
betes. °° 


COR PULMONALE (PULMONARY HEART 
DISEASE) 


Most simply, cor pulmonale can be defined as right 
ventricular enlargement resulting from disorders that 
affect either the structure or function of the lungs. To 
this definition the following essentials should be added: 
(1) pulmonary arterial hypertension is the sine qua non 
responsible for the right ventricular hypertrophy or 
dilatation; (2) the pulmonary hypertension may result 
from intrinsic disease of the pulmonary parenchyma or 
vessels, inadequate function of the chest bellows, or 
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inadequate ventilatory drive from the respiratory cen- 
ters; (3) the cardiac involvement is confined predomi- 
nantly but not exclusively to the right ventricle; and (4) 
right ventricular hypertrophy or dilatation resulting 
from congenital heart disease or acquired disease of the 
left side of the heart is not included under the desig- 
nation cor pulmonale.” 

Two forms of cor pulmonale are seen: acute and 
chronic. Acute cor pulmonale refers to the right ven- 
tricular dilatation that follows massive pulmonary em- 
bolization. 

Chronic cor pulmonale usually implies right ven- 
tricular hypertrophy, although in time with cardiac 
decompensation, dilatation may follow (Fig. 13-14). The 
vascular lesions leading to chronic cor pulmonale are 
varied. Repeated small pulmonary embolizations or any 
form of diffuse pulmonary vascular involvement, such 
as is encountered in systemic hypersensitivity states and 
Wegener s granulomatosis, will cause pulmonary hyper- 
tension. Intrapulmonary shunts between the systemic 
bronchial arteries and the pulmonary arterial system 
sometimes arise in chronic inflammatory processes in 
the lung, such as bronchiectases, lung abscesses, and 
chronic pneumonitis imposing the systemic blood pres- 


Figure 13—14. Chronic cor pulmonale. Transection of heart revealing 
a markedly dilated right ventricle below with thickened free wall and 
hypertrophied trabeculae. Transected left ventricle above has been 
compressed and dwarfed by right ventricular enlargement. 
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sure on the pulmonary pressure. Rarely, the pulmonary 
vascular changes are idiopathic and are termed primary 
pulmonary hypertension (p. 713). 

Any chronic lung disease may lead to cor pulmo- 
nale, either by increasing pulmonary vascular resistance 
or by the induction of intrapulmonary vascular shunts. 
Included in this category are chronic obstructive 
pulmonary disease (chronic bronchitis and primary 
emphysema), the pneumoconioses, idiopathic interstitial 
fibrosis, bronchiectasis, extensive tuberculosis, and sar- 
coidosis. Pulmonary or mediastinal tumors that com- 
press the vessels constitute additional causes of this 
form of heart disease. It is important to recognize that, 
in all of these pulmonary parenchymal disorders, the 
polycythemia and vasoconstrictive effects of hypoxemia 
and respiratory acidosis contribute significantly to the 
development of the pulmonary hypertension.” 

Infrequently, chronic cor pulmonale is caused by 
skeletal or neuromuscular derangements that interfere 
with the bellows function of the chest, such as severe 
kyphoscoliosis, poliomyelitis, the neuromuscular dystro- 
phies, and the pickwickian syndrome (marked obesity 
with inadequate thoracic excursion). Presumably, these 
act by the induction of hypoxemia, acidosis, and pul- 
monary vasoconstriction. The chronic hypoxemia, fur- 
thermore, leads to polycythemia, adding increased vis- 
cosity to the blood. 

The pulmonary hypertension must usually be pres- 
ent for months to years before it induces right ventric- 
ular hypertrophy. During this long evolution, the car- 
diac changes evoke no symptoms until right-sided CHF 
ensues. Until then, the clinical manifestations are en- 
tirely those of the primary disorder. The diagnosis is 
made most often by radiography, cardiac catheteriza- 
tion, electrocardiography, and echocardiography. 


VALVULAR HEART DISEASE 


A number of acquired disorders are characterized 
principally by valvular involvement and dysfunction: 
rheumatic fever; mitral valve prolapse; aortic valve 
stenosis; mitral annular calcification; carcinoid heart 
disease; and three other conditions, characterized by 
the formation of valvular vegetations—infective endo- 
carditis, nonbacterial thrombotic endocarditis, and Lib- 
man-Sacks endocarditis. The valvular cardiac ramifica- 
tions of syphilis, have already been discussed on page 
531. Before these disorders are presented, a few general 
principles are in order. 

Stenosis implies failure of a valve to open com- 
pletely, thereby preventing forward flow. Isolated aortic 
stenosis and isolated mitral stenosis account for approx- 
imately half of all valve lesions encountered. Insufft- 
ciency or regurgitation, in contrast, results from failure 
of a valve to close completely, thereby allowing reversed 
flow. Stenosis and insufficiency often coexist in the same 
valve, but one of these defects usually predominates. 
More than one valve may be involved (combined dis- 
ease). These dysfunctions vary in degree from slight and 


physiologically unimportant to severe and rapidly fatal. 
The degree of tolerable stenosis or insufficiency varies 
from valve to valve and with the rate of development. 
At one end of the spectrum, sudden destruction of an 
aortic valve cusp by infection (infective endocarditis) 
may cause rapidly fatal cardiac failure. In contrast, 
hemodynamically significant mitral stenosis usually is 
remarkably well tolerated over the several decades it 
takes to develop. Depending on degree, duration, and 
etiology, valvular stenosis or insufficiency may produce 
secondary changes in the heart, blood vessels, and other 
organs, both proximal and distal to the valvular lesion. 
The abnormalities of flow also produce abnormal sounds 
(murmurs). 

Valvular abnormalities may be caused by congenital 
disorders or a variety of acquired diseases. Although 
valvular insufficiency may result from either intrinsic 
disease of the valve cusps or damage to the supporting 
structures (e.g., the aorta, mitral annulus, chordae 
tendineae, papillary muscles, etc.) without primary 
changes in the cusps; valvular stenosis almost always is 
due to a primary abnormality of the cusps. The most 
important causes of heart valve dysfunction are sum- 
marized in Table 13-2 and are discussed in the specific 
sections below. 

Frequently, diseased heart valves are surgically 
replaced by prostheses. Four major designs of cardiac 
valvular substitutes have been widely used—caged-ball, 
caged-disk, tilting-disk, and tissue valves (usually a 
tanned pig aortic valve mounted on a rigid frame). In 
addition to the perioperative deaths, there are fatalities 
(up to 50% of late deaths in some series) after cardiac 
valve replacement, induced by the prosthesis.°? The 


Table 13-2. MAJOR ETIOLOGIES OF ACQUIRED VALVULAR 
HEART DISEASE 


Mitral Valve Disease 


Mitral Stenosis 

Postinflammatory scarring 
(rheumatic heart disease) 
(infective endocarditis) 


Mitral Regurgitation 
Abnormalities of leaflets and 
commissures 
Postinflammatory scarring 
Infective endocarditis 
Floppy mitral valve 
Abnormalities of tensor 
apparatus 
Rupture of papillary muscle 
Papillary muscle 
dysfunction (fibrosis) 
Rupture of chordae 
tendineae 
Abnormaiities of left 
ventricular cavity and/or 
annulus 
LV enlargement 
(myocarditis, congestive 
cardiomyopathy) 
Calcification of mitral ring 


Aortic Valve Disease 


Aortic Stenosis 

Postinflammatory scarring 
(rheumatic heart disease) 

Senile calcific aortic stenosis 

Calcification of congenitally 
deformed valve 


Aortic Regurgitation 

Intrinsic valvular disease 
Postinflammatory scarring 

(rheumatic heart disease) 

infective endocarditis 

Aortic disease 
Syphilitic aortitis 
Ankylosing spondylitis 
Rheumatoid arthritis 
Marfan’s syndrome 


most frequent fatal prosthesis-related complications are 
either thrombotic occlusion of the artificial valve or 
distant embolization from the valvular thrombus. Val- 
vular malfunction may result from a small thrombus or 
tissue fragment impairing movement of the occluder, or 
from degradation of materials. Partial dehiscence (sep- 
aration) of the suture line anchoring the valve occasion- 
ally occurs, leading to a paravalvular leak (regurgitation 
of blood around the prosthesis). Destruction of blood 
components on passage through the prosthesis, espe- 
cially a degraded valve, or around the device when 
there is a paravalvular leak, leads to destruction of 
erythrocytes and may cause severe anemia (see hemo- 
lytic microangiopathic anemia, p. 629). Infective endo- 
carditis on the valve prosthesis is a devastating and 
often fatal complication. Although each type of pros- 
thesis is subject to any of the problems cited above, the 
nature of the materials used and the mechanisms of 
action of the various prostheses lead to marked differ- 
ences in frequency and type of complication. With this 
overview, the most important acquired diseases that 
affect the heart valves can be described. 


RHEUMATIC FEVER (RF) AND RHEUMATIC 
HEART DISEASE (RHD) 


Rheumatic fever is an acute, recurrent inflamma- 
tory disease, principally of children but also of adults, 
that usually follows a pharyngeal infection with group A 
beta-hemolytic streptococci. Although questions persist, 
it most likely is the result of a cross reaction between 
the immune response to streptococcal antigens and tissue 
antigens, principally in the heart. Previous infections 
anywhere in the body with specific strains of group A 
streptococci may cause acute glomerulonephritis. Thus, 
both RF and acute glomerulonephritis are poststrepto- 
coccal diseases, but the two conditions concur only by 
chance, probably because the nephritogenic strains of 
streptococci lack the specific antigens responsible for 
the cross reactions of RF. 

Rheumatic fever is a systemic disease characterized 
principally by (1) migratory polyarthritis of the large 
joints, (2) carditis, (3) erythema marginatum of the skin, 
(4) subcutaneous nodules, and (5) Sydenham’s chorea 
a neurologic disorder with involuntary, purposeless, 
rapid movements. Uncommonly, the arteries, lungs, 
and periarticular tissues are also affected. During the 
acute attack a myocarditis may develop that tends to 
involve principally the interstitial connective tissue, 
largely close to small blood vessels; thus, RF (like RHD) 
is sometimes referred to as a “connective tissue’ or 
“collagen vascular’ disease. It is the late sequelae of the 
acute carditis (RHD), however, that are most threaten- 
ing. Chronic or “healed” RHD is marked principally by 
deforming, postinflammatory, fibrocalcific valvular dis- 
ease (particularly mitral and/or aortic stenosis), which 
produces permanent dysfunction and severe, sometimes 
fatal, cardiac failure decades later. The arthritis, al- 
though incapacitating during the acute attack, resolves 
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without sequelae, and so it is often said: “rheumatic 
fever licks the joints but bites the heart.” 

EPIDEMIOLOGY. The incidence, morbidity, and 
death rate from RHD has steadily declined in most 
developed countries. In 1940, the mortality rate in the 
United States was 20.6 per 100,000, which fell to 3.4 in 
1979. A number of factors have contributed to this 
gratifying trend. One is the possibility that the virulence 
of the streptococci has declined. In addition, RF is more 
common following epidemic outbreaks of streptococcal 
pharyngitis than it is following endemic sporadic infec- 
tions. Improved public health measures, earlier diag- 
nosis of infections, and more adequate methods of 
treatment have virtually eradicated epidemics. Equally 
important has been the early diagnosis and prompt 
treatment of sporadic streptococcal pharyngitis, since 
the likelihood of RF is strongly correlated with the 
severity and duration of the pharyngitis and the mag- 
nitude of the immune response.* Thus, RF and RHD 
are more frequently encountered today among the poor 
who live in crowded conditions and especially among 
those with large families—factors that favor cross infec- 
tion and less than adequate medical attention. The 
incidence of acute RF peaks between the ages of 6 and 
16 years and thereafter declines with advancing age. 
However, about one-fifth of first attacks occur in adults, 
sometimes in advanced life. There is no sex preponder- 
ance. 

ETIOLOGY AND PATHOGENESIS. Although other the- 
ories persist, the weight of evidence implicates post- 
streptococcal immunity as the cause of RF and RHD. 


1. There is a well-defined association between strepto- 
coccal pharyngitis and initial and recurrent attacks of RF. 
Although throat cultures at the time of the rheumatic attack 
are usually negative, elevated titers of antistreptolysin O 
(ASO), antihyaluronidase, antistreptokinase, anti-NADase, or 
antideoxyribonuclease B are present in all but 5 to 10% of 
patients. 

2. Direct bacterial invasion can be ruled out since the 
tissue lesions are sterile. Moreover the latent period between 
pharyngitis and the onset of RF favors a causal role for an 
immune response. 

3. The more severe the streptococcal infection, the 
stronger the antibody response, and the greater the likelihood 
of RF. When the organism is still recoverable after 21 days of 
acute pharyngitis there is an attack rate of approximately 3%, 
whereas those free of organisms at this time have a rate of 
only 0.3%." 

4. Most convincing, initial attacks of RF can virtually be 
eradicated by prompt antibiotic therapy of streptococcal throat 
infections, and recurrences almost totally prevented by long- 
term antibiotic prophylaxis. 


Despite all the circumstantial evidence, many un- 
certainties persist. Skin infections (impetigo) caused by 
group A streptococci are rarely followed by RF. Why 
does RF mainly follow throat infections when acute 
glomerulonephritis may be induced by a group A strep- 
tococcal infection anywhere in the body? Equally puz- 
zling is why only a small fraction of individuals with 
pharyngeal infections by rheumatogenic streptococci 
develop RF. Here, the issue of host factors and specific 
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immune response genes has been raised.” It is specu- 
lated that only certain hosts are vulnerable to an immune 
reaction conducive to the development of RF. 

Four distinct families of streptococcal antibodies 
have been identified that cross-react with the following 
four cellular and tissue targets: (1) cardiac myoftber- 
smooth muscle antigens, (2) heart valve fibroblast anti- 
gens, (3) neuronal antigens in subthalamic and caudate 
nuclei, and (4) heart valve and other connective tissue 
antigens.*° Most consistently present (in about 80% of 
patients) are antibodies that bind to the sarcolemma and 
subsarcolemmal sarcoplasm of myofibers, to the smooth 
muscle cells in vessel walls and endocardium, and to 
foci of altered interstitial connective tissue.°° The spe- 
cific streptococcal antigens thought to evoke these an- 
tibodies are M proteins, a family of antigens found in 
the streptococcal cell wall.° °° However, it should be 
noted that these antibodies are lacking in some patients 
with RHD, and conversely they may be present in the 
absence of carditis or other clinical manifestations of 
RF. The other antibodies mentioned above are of un- 
certain significance; they have been identified in pa- 
tients who have recovered from streptococcal pharyn- 
gitis but who do not have RF, and, moreover, 
unmistakable RHD may develop in their absence. Thus, 
despite the plethora of antibodies, the role they play in 
the induction of RF and RHD is still far from clear. 
Significantly, the centers of Aschoff bodies—foci of 
apparent maximal tissue injury in acute RF—often lack 
concentrations of these antibodies. 

Attention has turned to cell-mediated immunity 
since mononuclear cells are often present in the lesions 
of RF and RHD. Plasma cells and sensitized T cells 
have been found in chronic rheumatic heart valves. In 
experimental models, T cells sensitized to streptococcal 
antigens lyse heart cells in vitro,*? but comparable 
evidence has not been derived from humans with active 
carditis. Despite the abundance of immunologic find- 
ings, the understanding of the pathogenesis of post- 
streptococcal RF is still far from complete. 
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MORPHOLOGY. The most distinctive anatomic fea- 
ture of RF is the Aschoff body. These are foci of injury 
that pass through three phases: (1) a nondistinctive exuda- 
tive phase, (2) a pathognomonic cellular lesion, and (3) the 
final stage of progressive fibrosis. Classic Aschoff bodies 
are found in the heart, but somewhat less distinctive variants 
are also encountered in the synovia of joints; in and about 
joint capsules, tendons, and fasciae; and less often in serosal 
membranes and subcutaneous tissues. Typically, Aschoff 
bodies are found in the interstitial connective tissue of the 
myocardium, usually in perivascular locations, but they may 
also occur in the subendocardial connective tissue and only 
rarely in the subepicardium. Histologically distinctive lesions 
are rare within the valves. The earliest visible change is 
focal pooling of ground substance with separation of 
collagen fibers. The collagen appears swollen and 
smudged and has a deep eosinophilia attributable to 
deposits of plasma proteins on the collagen fibers (fi- 
brin, globulins), creating what is classically referred to 
as “fibrinoid change” or “fibrinoid necrosis.’’ The ac- 
cumulation of fibrinoid, you will recall, is typical of immuno- 


logic injury and is encountered in other so-called “connective 
tissue” or ‘“collagen-vascular” diseases (p. 180). The focus 
of fibrinoid change is often surrounded by a scanty lympho- 
cyte, plasma cell, and macrophage infiltrate. As the lesion 
evolves into its classic phase, it is transformed into a 
round-to-oval aggregation of cells enclosing a central 
focus of irregular deposits of fibrinoid (Fig. 13-15). The 
cellular rim contains plump mesenchymal cells called var- 
iously “Anitschkow cell,” “Aschoff cell,” or “cardiac histio- 
cyte.” These cells have one or several nuclei that are 
vesicular, with the chromatin disposed in the center of the 
nucleus in the form of a slender, wavy ribbon that resembles 
a caterpillar with fine, leglike projections; hence, the often- 
used term “caterpillar cells.” When the chromatin is viewed 
on cross section it appears as a central nucleolus surrounded 
by a cleared halo, creating an “owl-eyed” appearance. When 
these histiocytes become multinucleated and enlarged, they 
are sometimes referred to as ‘“Aschoff giant cells.” Scattered 
among these cardiac histiocytes are lymphocytes, plasma 
cells, and, occasionally, neutrophils and mast cells. It is 
these cellular, sometimes called proliferative, Aschoff 
bodies that are pathognomonic of RHD. In time, Aschoff 
bodies undergo progressive fibrosis and so are much less 
frequently present in the late chronic stages of RHD. Al- 
though typically associated with the acute stage of an attack, 
they have been reported to be present in over 50% of hearts 
having chronic RHD.'®° However, Roberts and Virmani, using 
extremely rigorous criteria, found Aschoff bodies in only 2 to 
3% of autopsies on patients over 14 years of age with 
chronic RHD and only in hearts having chronic mitral 
valvulitis (mitral stenosis).'°° Thus, Aschoff bodies appar- 
ently persist for some time after an acute attack and do not 
necessarily mean “active disease.” With this consideration, 
we can turn to the general anatomic changes. 

Heart. Carditis develops in about 50 to 75% of children 
between the ages of 2 and 16 years, but in only about 35% 
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Figure 13—15. Aschoff body at medium power. 


of adults having a single acute attack of RF.'*’ Recurrences 
in adult life, however, are not uncommon, and with each 
recurrence there is a greater likelihood of progressive cardiac 
damage. Any of the three layers of the heart—pericardium, 
myocardium, or endocardium—may be involved singly or in 
combination. Most often, all three layers are affected simul- 
taneously (pancarditis). Depending on the stage of the 
disease, the heart may exhibit the features of acute rheu- 
matic carditis, chronic or so-called healed rheumatic carditis, 
or, in some cases, chronic carditis with superimposed active 
carditis when the patient has experienced recurrent attacks. 

During the acute stage, the pericarditis takes the form 
of a diffuse, nonspecific fibrinous or serofibrinous inflam- 
matory reaction described as a “bread and butter” pericar- 
ditis (Fig. 13-16). As with all fibrinous exudations, the 
pericarditis may either resolve or become organized, usually 
resulting in only delicate violin-string adhesions or plaquelike 
thickenings of the pericardial surfaces that do not impair 
cardiac function. Aschoff bodies may be seen in the subse- 
rosal fibrofatty tissue in fulminant cases. 

Myocardial involvement with Aschoff bodies localized 
principally in the connective tissue stroma of the myocardium 
is responsible for most of the deaths during the acute, active 
phase of the disease. The myocarditis may be inapparent 
on gross inspection, save possibly for some dilatation, pallor, 
and flabbiness of the heart muscle. The extent of the 
myocardial involvement becomes evident only on histologic 
examination with the identification of Aschoff bodies. Later, 
as mentioned, the Aschoff bodies become fibrosed. Although 
myocarditis may exist alone, it is usually accompanied by 
endocarditis. 

Endocardial involvement is the most ominous aspect of 
RF and is responsible for the chronic disability due to valvular 
scarring, usually several decades after the acute disease 
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has subsided. The mitral valve alone is affected in 40 to 
50% of cases; the aortic valve alone in 15 to 20%; the aortic 
and mitral valves together in 35 to 40%; and trivalvular 
disease (when combined with the tricuspid) in 2 to 3%. 
Tricuspid disease alone is rare and the pulmonary valve is 
virtually never affected. With all valves the involvement may 
induce either stenosis, insufficiency, or both. Early, the 
acutely affected valves are red, swollen, and thickened. This 
is usually most marked toward the free margins of the cusps. 
These changes may be accompanied by a precipitate of 
fibrin or extrusion of ground substance that produces tiny 
(1- to 2-mm) friable vegetations (verrucae) along the lines 
of closure of the leaflets (Fig. 13-17). These verrucae appear 
as irregular warty projections, and probably result from the 
precipitate of fibrin at sites of erosion or ulceration of inflamed 
endocardial surfaces along the lines of closure where the 
leaflets impinge upon each other. They occur on the surfaces 
exposed to the forward flow of blood and are distributed 
either along the entire line of closure or in small clusters 
with uninvolved intervening areas. At the commissures, they 
may cause interadherence of leaflets. Similar verrucae may 
sometimes be seen along the chordae tendineae. On his- 
tologic examination, these lesions may be nonspecific, re- 
vealing only precipitation of fibrinoid with an underlying, 
nonspecific, leukocytic infiltrate. However, plump fibroblasts 
and cells resembling the Anitschkow myocytes are occa- 
sionally found rimming the base of the vegetation. Recog- 
nizable Aschoff bodies are rarely present in these acute 
valvular lesions. 

It is believed, but not definitely established, that acute 
rheumatic valvulitis may resolve without residuals, but in 
most instances it leads to fibrous scarring and permanent 
deformity. As organization of the endocardial inflammation 
takes place, the valvular leaflets become thickened, fibrotic, 
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Figure 13—16. Acute rheumatic fibrinous pericarditis. Visceral pericardium (seen in center) and parietal 
pericardium to its right are shaggy. The lungs, still attached, are at left and right. 
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Figure 13-17. Acute rheumatic valvulitis superimposed on chronic mitral valvulitis. Rows of tiny 
beaded fresh vegetations (arrows) are seen along lines of closure of slightly deformed mitral leaflets. 
(Courtesy of Dr. J. Titus, Baylor College of Medicine). 


shortened, and blunted (Fig. 13-18). Fibrous bridging across 
the valvular commissures often produces a rigid ‘“‘fish- 
mouth” or “‘button-hole’’ stenotic deformity of the mitral 
valve (Fig. 13-19). The chordae tendineae simultaneously 
become thickened, fused, and shortened. When the tricuspid 
valve is involved, the changes resemble those of the mitral, 
but they are almost never as marked. In the aortic valve, 
the fibrosis also produces interadherence and stenoses as 
well as prominent nodular calcifications in the sinuses of 
Valsalva behind the leaflets. For unknown reasons, mitral 
stenosis tends to be more severe in females, whereas aortic 
stenosis is more severe in males. With a tight mitral stenosis, 
the left atrium, and sometimes also the right, progressively 
dilate. The long-standing congestive changes in the lungs 
(p. 569) may lead in time to right ventricular hypertrophy. 
Often, thrombi form within the auricular appendages. The 
mural endocardium in the left atrium may develop maplike 
thickenings called MacCallum’s plaques. These are thought 
to represent subendocardial aggregations of Aschoff bodies 
accompanied by pooling of ground substance. In time, these 
plaques may undergo fibrosis, leaving only an irregular area 
of endocardial wrinkling. It is to be emphasized that in the 
late healed stage of endocarditis, histologic changes are 
generally those of nonspecific healed inflammation since all 
Aschoff bodies may have disappeared. The recognition of 
healed rheumatic valvulitis is, therefore, more depend- 
ent on characteristic gross appearances than on histo- 
logic changes. 

Joints. The likelihood of acute arthritis increases with 
age, appearing in about 90% of adults and less commonly 
in children. The large joints, such as the knees, are most 
often affected, but sometimes also the small joints of the 
hands and feet. Few histologic observations are available 
on the joints since the changes are transitory and resolve 
without sequelae. Histologically, there is a nonspecific mono- 
nuclear inflammatory infiltrate with edema, focal deposits of 
fibrinoid, and sometimes lesions resembling Aschoff bodies. 


The synovial membranes do not become ulcerated and the 
articular cartilage is unaffected. When changes appear on 
the radiograph or there is persistent joint deformity, intercur- 
rent disease such as rheumatoid arthritis must be suspected. 

Skin. Lesions of the skin take the form of subcutaneous 
nodules or erythema marginatum and are present in 10 
to 60% of cases, more often in children. The subcutaneous 
nodules are essentially giant Aschoff bodies with a large 
central area of fibrinoid enclosed by a cell population similar 
to that found in the cardiac lesions. The nodules are most 
often located overlying the extensor tendons of the extrem- 
ities at the wrists, elbows, ankles, and knees. They some- 
times are deeply situated over bony prominences, and rarely 
are located near the occiput. Erythema marginatum tends 
to have a bathing-suit distribution but may also occur over 
the thighs, lower extremities, and face. These lesions, which 
are quite distinctive for RF, begin as flat-to—slightly elevated, 
slightly reddened maculopapules that progressively enlarge. 
At the same time, the centers clear and may undergo slight 
pigmentation, but the peripheries continue to be reddened 
and elevated to create prominent erythematous margins. 

Arteries. Rheumatic arteritis has been described in 
the coronary, renal, mesenteric, and cerebral arteries as 
well as in the aorta and pulmonary vessels during the height 
of an attack. The morphologic alterations are characteristic 
of hypersensitivity angiitis and were described on page 522. 

Lungs. Rheumatic pneumonitis and pleuritis are rare 
complications of the acute disease. The pulmonary changes 
consist largely of an interstitial reaction resembling viral 
pneumonitis (p. 737), sometimes accompanied by fibrinoid 
changes and an acute angiitis. A nonspecific serofibrinous 
pleuritis may be present. In the late chronic stages of RHD 
with mitral stenosis, congestive changes or dense interstitial 
fibrosis with siderotic nodules often appear. 


CLINICAL Course. The onset of RF, following by 
several weeks a streptococcal pharyngitis, may be quite 
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Fig. 13-18 


ope 


Fig. 13-19 

Figure 13-18. Healed rheumatic mitral valvulitis illustrating fibrous thickening of leaflets; commissural 
fusion between leaflets; and fusion, thickening, and shortening of chordae tendineae. 

Figure 13-19. Healed trivalvular rheumatic valvulitis as viewed from above with the atria cut off. 
Aortic valve is in mid-center field, mitral in upper right, and tricuspid in upper left. All three valves are 
stenotic, fibrosed, and markedly deformed. 
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abrupt with fever, tachycardia, and painful swollen 
joints, or it may be exceedingly subtle and insidious 
with vague malaise and mild fever. Sometimes fever 
and chorea (purposeless involuntary movements of 
hands, feet, arms, legs, tongue, and face) are the initial 
manifestations of an acute attack, but in other instances 
chorea may never appear or arise only late in the 
disease. There are no specific symptoms or signs and 
the diagnosis usually rests on the concurrence of two or 
more of “Jones” criteria,” listed in Table 13-3. A diag- 
nosis of RF is said to require at least two of the major, 
or one major and two minor, criteria. Although the 
arthritis is the most consistent finding, the most feared 
aspect of RF is the development of carditis. With 
increasing age the relative frequency of polyarthritis 
increases, and that of carditis, subcutaneous nodules, 
and erythema marginatum decreases. Typically, the 
arthritis produces pain and swelling that resolve within 
a week or two as other joints become involved. There 
may be manifestations referable to involvement of the 
pericardium, myocardium, or valves. Should a pericar- 
dial friction rub appear, it usually clears in the course 
of days to weeks and leaves no sequelae. During the 
initial acute attack it is the myocarditis that is most 
threatening, causing arrhythmias, particularly atrial 
fibrillation and prolongation of the electrocardiographic 
P-R interval. With fibrillation, auricular thrombi are 
prone to develop, constituting potential sources of em- 
boli. Significant myocarditis may lead to cardiac dilata- 
tion and murmurs of insufficiency, principally of the 


Table 13-3. JONES’ CRITERIA (REVISED) FOR GUIDANCE IN 
THE DIAGNOSIS OF RHEUMATIC FEVER” 


Major Manifestations Minor Manifestations 


Carditis Clinical 
Polyarthritis Previous rheumatic fever or 
Chorea rheumatic heart disease 
Erythema marginatum Arthralgia 
Subcutaneous nodules Fever 

Laboratory 


Acute phase reactions 
Erythrocyte sedimentation rate, 
C-reactive protein, leukocytosis 
Prolonged P-R interval 


Supporting Evidence of Streptococcal Infection 
Increased titer of streptococcal antibodies 

ASO (antistreptolysin O) 

Other antibodies 
Positive throat culture for group A streptococcus 
Recent scarlet fever 


“The presence of two major criteria, or of one major and two minor 
criteria, indicates a high probability of the presence of rheumatic 
fever. Evidence of a preceding streptococcal infection greatly 
strengthens the possibility of acute rheumatic fever. Its absence 
should make the diagnosis doubtful (except in Sydenham’s chorea 
or long-standing carditis). 

These criteria, originally proposed by T. Duckett Jones in 1944, 
were revised by the Council on Rheumatic Fever and Congenital 
Heart Disease of the American Heart Association. 

From Stollerman, G. H., et al.: Committee report. Circulation 
32:664, 1965. Revised, 1967. By permission of The American Heart 
Association, Inc. © 1967. 


mitral valve, but following the acute attack the insuffi- 
ciency may resolve if there has been no direct damage 
to the valve leaflets. The prognosis for the primary 
attack is generally good and only 1% of patients die 
from fulminant RF. 

Following an initial attack, there is increased vul- 
nerability to reactivation of the disease with subsequent 
streptococcal pharyngeal infections, and the same man- 
ifestations are likely to appear with each recurrent 
attack. Thus, once carditis develops during the initial 
attack it is likely to be reactivated and to worsen with 
each recurrence. Conversely, if the heart is spared 
during the initial attack it may well go unscathed despite 
recurrences of RF. In the absence of cardiac involve- 
ment the patient may be entirely free from residuals 
and, spared recurrences, may live a normal life. How- 
ever, because of the threat of recurrent disease it is 
now standard practice to administer prophylactic long- 
term antistreptococcal therapy to anyone who has had 
RF. When carditis has occurred, the outlook depends 
on the severity of the chronic valvular deformity. As 
mentioned, females appear to be more vulnerable to 
mitral, valve stenosis than males. The heart, even with 
damaged valves, may remain compensated for the du- 
ration of a long life, but usually, over the span of 
decades, decompensation and eventual full-blown car- 
diac failure develop. However, this course can now be 
altered by surgical replacement of damaged valves. 
Other hazards include embolization from mural thrombi 
within the atrial appendages and infective endocarditis 
superimposed on chronically deformed valves. It should 
not be forgotten that recurrent or primary attacks may 
occur even in the advanced years of life, and therefore 
acute RF continues to be a cause of death even in 
adults. 


MITRAL VALVE PROLAPSE 


In this curious valvular abnormality, one or both 
“floppy enlarged mitral leaflets prolapse, or balloon 
back, into the left atrium during systole. On auscultation 
only a midsystolie click or clicks may be heard, corre- 
sponding to snapping or tensing of an everted cusp, 
scallop, or chordae tendineae. Often, however, the valve 
becomes incompetent and the mitral regurgitation in- 
duces an accompanying late systolic or sometimes ho- 
losystolic murmur. Hence, this condition is also referred 
to as the “midsystolic click syndrome,” “midsystolic 
click, late-systolic murmur syndrome,” or variations on 
this theme. Other names based on anatomic changes 
include “billowing,” “ballooning,” “hooding,” and 
“myxomatous degeneration of the mitral valve. More 
florid is the designation “parachute” mitral valve. What- 
ever its name, this is an extremely common condition 
found at any age in 5 to 7% of the general population, 
most often in young women (average age 32 years). !” 
Usually it is an incidental finding on physical examina- 
tion, but it may have serious import. 


MORPHOLOGY. The essential anatomic characteris- 
tics of mitral valve prolapse are either excessively large 
leaflets (or portions of leaflets), excessively long chor- 
dae tendineae, or both. Most common is enlargement of 
entire leaflets. The posterior leaflet is always involved; the 
anterior, less frequently (Fig. 13-20). The excess may be 
the consequence of an increase in the transverse or com- 
missure-to-commissure dimension or an increase in the 
base-to-distal margin length of the leaflet. Occasionally, 
prolapse is related to excessive length of the chordae 
tendineae or sometimes just a few of them, but generally 
there is concomitant abnormality in the leaflets themselves 
(Fig. 13-21). Rarely, the tricuspid valve is also affected. In 
the early stages the leaflets are delicate and transparent 
and sometimes look gelatinous. This appearance is related 
to myxomatous thickening of the central spongiosa layer 
that encroaches upon the outer fibrous layers that normally 
impart the structural strength to the mitral leaflets.‘°° The 
myxomatous tissue is rich in acid mucopolysaccharide. UI- 
trastructural studies also disclose fragmentation, splitting, 
and distortions in the collagen fibrils of the outer fibrous 
layers that may be more important in reducing tensile 
strength than the myxomatous change.'™ At a later stage, 
the leaflets become more fibrotic, principally the atrial sur- 
faces, and thickened, probably secondary to long-standing 
frictional trauma. Similarly, the chordae may become thick- 
ened by fibrous tissue, presumably the consequence of 
friction and organization of layered fibrin. The thickened 
chordae sometimes fuse. Although in the late stages the 
gross appearance may resemble that of a postrheumatic 
mitral valve, in myxomatous degeneration there is neither 
commissural fusion nor inflammatory neovascularization of 
the cusps. 

A number of secondary anatomic changes may 
appear: (1) calcification of the basal portions of the 
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Figure 13—20. Mitral valve prolapse. Billowy posterior mitral leaflet 
(9 to 4 o'clock) is viewed from atrial surface as redundant membra- 
nous folds. Anterior leaflet below is not affected. 
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Figure 13-21. The same mitral valve, when opened, 


revealing 
parachute-like enlargement of posterior leaflet (arrow) on right as 
compared with relatively normal anterior leaflet on left. 


affected leaflets, simulating calcified mitral annulus; (2) 
superimposed infective endocarditis; and (3) rupture of 
the chordae tendineae, either “spontaneously” or sec- 
ondary to infective endocarditis. 


The etiology of the “floppy” mitral valve is un- 
known. It is a common feature of Marfan’s syndrome 
and, in one series, was present in 90% of affected 
individuals.'!” Thus, it has been suggested that mitral 
valve prolapse without the other changes of Marfan’s 
syndrome may represent a forme fruste of the hereditary 
disorder. Prolapse has also been encountered within 
families, apparently transmitted by mendelian dominant 
inheritance. Recently an association has been noted 
among mitral valve prolapse, low body weight, and low 
blood pressure, raising speculations about some inher- 
ited systemic defect in connective-tissue metabolism. !™ 
On the basis of these observations, some investigators 
consider it to be a form of congenital heart disease, 
which would make it the most common congenital 
cardiac anomaly. Infrequently, prolapse occurs in Turn- 
ers syndrome, hypertrophic cardiomyopathy, coronary 
artery disease, and postrheumatic fever, and in associ- 
ation with secundum atrial defects. However, most cases 
have no well-defined associations, underscoring the 
likelihood that the changes are congenital in origin. 
There is an alternative view, not widely held, that the 
leaflet prolapse is initiated by some ventricular myocar- 
dial abnormality, such as a cardiomyopathy. Impaired 
papillary muscle function might place undue strain on 
the leaflets, causing them to undergo abnormal stretch- 
ing. 

CLINICAL CouRSE. As pointed out, mitral valve 
prolapse may only come to attention because of abnor- 
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mal findings on physical examination. Some patients 
have only a midsystolic click or clicks. Echocardiography 
in such cases will usually reveal the mitral valve pro- 
lapse. To this group of individuals, making up the 
majority, the designation “normal” mitral valve prolapse 
has been applied. A minority of patients present with 
palpitations, dyspnea, fatigability, syncope, or chest 
pain, sometimes mimicking angina pectoris. In such 
instances, the systolic clicks are frequently accompanied 
by late or holosystolic murmurs related to regurgitation. 
Thus, it would appear that mitral valve prolapse may 
not be associated with significant regurgitation, but with 
more severe involvement of the valve; or possibly with 
progression of the condition, regurgitation appears. The 
latter category has been called “pathologic” mitral valve 
prolapse, having more ominous consequences. Heart 
failure may develop in those with gross regurgitation 
and may be initiated precipitously by rupture of chordae 
tendineae.'"’ In major medical centers this is now the 
most common cause of isolated mitral regurgitation 
sufficiently severe to require valvular replacement. In- 
fective endocarditis is a well-recognized hazard, and in 
one series mitral valve prolapse was present in 25% of 
a series of patients with infective endocarditis.'!°* Em- 
bolism, particularly to the brain secondary to the de- 
velopment of thrombi on the deformed leaflets, is 
another serious complication. And finally, ventricular 
arrhythmias, particularly ventricular tachycardia and 
fibrillation, may appear and cause sudden death in some 
cases. Despite all these threats to life, most individuals 
are unaware of the valvular abnormality and live a 
normal life span without restriction. 


AORTIC VALVE STENOSIS 


Although aortic stenosis (with or without regurgi- 
tation) may occur as an isolated valvular involvement in 
chronic rheumatic carditis (p. 573), there is substantial 
evidence that most isolated calcific aortic stenoses are 
nonrheumatic in origin. '°? There is no rheumatic history 
in the great majority of instances, neither are stigmata 
of RF (e.g., Aschoff bodies) present. In addition there 
is an increasing frequency of calcific aortic stenosis with 
advancing age. Most important, there is often an un- 
derlying congenital malformation of the aortic valve, 
particularly a bicuspid valve, which prior to the calcifi- 
cation induced no stenosis.!°* !!° It is hypothesized that 
“wear and tear’ of such a congenitally abnormal valve 
may lead to fibrosing stenosis and calcification even in 
the relatively young, whereas with a normally formed 
aortic valve, calcific stenosis does not appear until the 
advanced years of life (Figs. 13-22, 13-23). The calcifi- 
cation occurring in bicuspid aortic valves is of the 
dystrophic type, but is identical to that which may occur 
in a normally formed valve.''' The narrowed sinuses of 
Valsalva become filled with moundlike excrescences of 
calcium covered by a thin layer of endothelium (Fig. 
13-22). Frequently, the fibrosis and calcification so 
overwhelm the aortic valve as to make difficult the 
identification of the preexisting architecture of the lea- 
flets. Indeed, in the evolution of calcific aortic stenosis 
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Figure 13—22. Degenerative calcific aortic stenosis in a 72-year-old 
woman. Granular masses of calcium are heaped up within sinuses 
of Valsalva (view looking down at valve). Note that commissures 
are not fused and free edges are not thickened as in postrheumatic 
aortic valve disease. 


one of the commissures may be obliterated before the 
remaining two, to create an apparent bicuspid aortic 
valve, but usually some vestige of the commissural raphe 
remains in acquired bicuspid disease. Gross commis- 
sural fusion or vascularization of cusps indicates previous 
rheumatic or other inflammatory disease, such as infec- 
tive endocarditis. The possibility cannot be ruled out 
that some calcific aortic stenoses represent healed infec- 
tive endocarditis, prone to occur on bicuspid aortic 
valves, but such a pathway could account for only a 
relatively few cases. 

The obstruction to left ventricular outflow leads to 
a pressure gradient between the left ventricle and aorta 
during systolic ejection (pressure overload), which grad- 
ually increases over the course of many years. The left 
ventricular output is maintained by the development of 
left ventricular hypertrophy. A large pressure gradient 
may exist for many years without a reduction of cardiac 
output, or left ventricular dilatation, or the development 
of symptoms. As the severity of the stenosis increases, 
the left ventricular systolic pressure continues to rise (it 
may reach 300 mm Hg), increasing the myocardial 
burden. Once symptoms appear, however, the prognosis 
is poor, with a median survival of only two to three 
years. Critical obstruction constitutes a two-thirds re- 
duction in valve area or a pressure gradient of 50 mm 
Hg. Although cardiac failure is the usual sequel, 10 to 
20% of adults with this valvular disease die suddenly; 
thus, valvular replacement is urgent when possible. 


Figure 13—23. Degenerative calcific aortic stenosis superimposed 
on a bicuspid valve in a 52-year-old man. 


CALCIFICATION OF MITRAL ANNULUS 


In elderly individuals calcific deposits develop, 
often in association with ischemic heart disease, in the 
annulus of the mitral valve without significantly affecting 
the leaflets. It can often be visualized on gross inspection 
as an irregular, stony hard beading (2 to 5 mm in 
thickness) that lies behind the leaflets. There is virtually 
never any associated inflammatory change and it has 
been postulated without proof that the calcium deposi- 
tion reflects the degenerative changes of aging. It gen- 
erally does not affect valvular function, but sometimes 
narrows the valvular lumen. Occasionally, the calcium 
deposits may penetrate sufficiently deeply to impinge 
on the conduction system and produce arrhythmias, and 
infrequently it provides a site for infective endocardi- 
tis.1'? Heavy calcific deposits are sometimes visualized 
on echocardiography or seen as a distinctive, ringlike 
opacity on chest films. 


CARCINOID HEART DISEASE 


Involvement of the heart, principally the endocar- 
dium and valves of the right side, is one of the major 
features of the carcinoid syndrome. It is characterized 
in its entirety by distinctive episodic flushing of the 
skin, and cramps,, nausea, vomiting, and diarrhea in 
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almost all patients; bronchoconstrictive episodes resem- 
bling asthma in about one-third of cases; and cardiac 
lesions in about one-half. These clinical findings relate 
to the elaboration by argentaffinomas (carcinoid APUD- 
omas) of a variety of bioactive products, including ser- 
otonin (5-hydroxytryptamine), 5-hydroxytryptophane, 
kallikrein that releases bradykinin, histamine, prosta- 
glandins, and sometimes other hormones or hormone- 
like substances (p. 842). However, which of the secre- 
tory products produces the various features of the 
syndrome is still not clear. The carcinoid syndrome is 
generally encountered with gastrointestinal neoplasms 
only when there are metastases to the liver, because 
there is rapid deamination of polypeptides in the portal 
circulation during traversal of the liver. In contrast, 
argentaffinomas primary in organs outside of the portal 
system of venous drainage, e.g., in the ovary or lung, 
may induce the carcinoid syndrome without antecedent 
hepatic metastases. 


The cardiovascular lesions associated with the carcinoid 
syndrome are unlike those produced by any other form of 
cardiac disease. In the majority of cases, plaquelike thick- 
enings composed of an unusual type of fibrous tissue are 
superimposed on the endocardium of the cardiac chambers 
and valvular cusps, mainly on the right side of the heart. 
Occasionally, left-sided lesions are encountered, but they 
rarely induce valvular dysfunction. Even more rarely, both 
the right and left sides of the heart are involved, with 
extension of the changes onto the intima of the great veins 
and arteries. Typically, the plaques are deposited on the 
arterial aspect of the pulmonary valve, but both sides of the 
cusps may be affected, thickening and fusing the cusps to 
create inelastic stenoses. Similar thickening and fusion of 
the tricuspid valve leaflets may occur and may extend onto 
the chordae tendineae. Sometimes the mural endocardium 
in the right ventricle bears sclerotic plaques. Ultrastructural 
studies show that the thickenings are largely composed of 
smooth muscle cells embedded in a stroma rich in acid 
mucopolysaccharides, collagen, and microfibrils."'* Elastic 
fibers are not present. The smooth muscle cells are thought 
to be derived from primitive mesenchymal cells that are 
normally present in the subendocardial-subendothelial 
space. Some of the cells have the ultrastructural features of 
myofibroblasts. The endothelium over the plaques is usually 
intact. 


The pathogenesis of the cardiac lesions is uncertain, 
but they are most widely attributed to elevated blood 
levels of serotonin. However, 5-hydroxytryptophan or 
bradykinin may be involved, at least in the production 
of some of the cardiac changes. The argument for 
serotonin is based on the following: (1) it can induce 
inflammatory edema by increasing capillary permeabil- 
ity, leading, in time, to a fibroblastic reaction; (2) a 
somewhat similar cardiac lesion is encountered with 
endomyocardial fibrosis, most commonly seen in areas 
of Africa where serotonin-containing plantain and ba- 
nanas are staples of the diet; and (3) somewhat similar 
heart lesions have been produced in guinea pigs by 
long-term administration of large quantities of serotonin. 
However, attempts to produce these changes by chronic 
infusion of serotonin in rats have failed.!!4 Bradykinin, 
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too, alters capillary permeability, and so might contrib- 
ute to the inflammatory edema. The fact that the cardiac 
changes are largely right-sided is explained by inacti- 
vation of both serotonin and bradykinin in the blood 
during passage through the lungs by the monamine 
oxidase found in the pulmonary vascular endothelium. 
Incomplete inactivation of high blood levels might un- 
derlie the occasional occurrence of left-sided lesions. 
Clinical diagnosis is made on the basis of the 
physical findings mentioned earlier. Usually, murmurs 
of both pulmonic stenosis and tricuspid insufficiency are 
also present. Confirmation of the diagnosis can be 
achieved by the demonstration of increased urinary 


excretion of 5-hvdroxvindolacetic acid, a metabolite of 


serotonin. The clinical course of carcinoid heart disease 
depends entirely on the severity of the right-sided 
valvular lesions. In some patients, murmurs are present 
without cardiac decompensation; in others, the natural 
progression of the metastatic neoplasm is interrupted 
by the onset of marked congestive failure, leading to 
death. In other individuals, death results from hepatic 
failure or complications associated with the tumor 
growth. 


INFECTIVE ENDOCARDITIS (IE) 


Infective endocarditis, one of the most serious of 
all infections, is characterized by colonization or invasion 
of the heart valves or the mural endocardium by a 
microbiologic agent, leading to the formation of friable 
vegetations laden with organisms—so-called infective 
vegetations. A similar phenomenon may occur within 
the aorta (infective endaortitis), aneurysmal sacs, or 
other vessels. Although normal hearts may be affected, 
IE. is more often associated with a preexisting cardiac 
anomaly such as acquired valvular disease or some form 
of congenital heart disease. Virtually every form of 
microbiologic agent has at one time or another been 
responsible for these infections, principally certain bac- 
teria. ITE has particular clinical importance because 
prompt diagnosis and effective treatment significantly 
alters the outlook for the patient. 

On clinical grounds IF has been classified into 
acute and subacute forms. This subdivision expresses 
the range of severity of the disease and its tempo, 
conditioned in large part by the virulence of the infect- 
ing microorganism and the underlying cardiac status of 
the patient. A destructive, tumultuous infection with a 
highly virulent organism leads to death within days to 
weeks of 50-60% of patients.''’ On the other hand, with 
organisms of low virulence the disease may appear 
insidiously and, even untreated, pursue a protracted 
course of many months. Following appropriate therapy 
for such infections, most patients recover. There is, 
however, no clear clinical delineation between acute 
and subacute IE; thev are points along a spectrum. 
Analogously, the morphologic lesions make up a spec- 
trum. Acute disease tends to be associated with necro- 
tizing, ulcerative, invasive valvular infections, whereas 


in subacute disease the vegetations are less destructive 
and often have evidence of healing. However, the 
cegetations found in the heart in both clinical variants 
of the disease are often more alike than different. 
Nonetheless, the microbial flora and the pathogenetic 
influences responsible for the two clinical subdivisions 
are somewhat different. 

EPIDEMIOLOGY AND ETIOLOGY. The decline in the 
incidence of acute RF and RHD, the surgical correction 
of many congenital malformations, and the availability 
of a range of powerful antibiotics might have been 
expected to reduce significantly the frequency of IE, 
but there is no clear indication of such a trend. Perhaps 
predisposing influences have counterbalanced any gains 
that might have been made. Chronic alcoholism, intra- 
venous drug abuse; cardiac surgery; insertion of “foreign 
bodies” such as substitute heart valves; and intravascular 
and intracardiac catheters, pacemakers, and other de- 
vices with their potential for providing portals of entrv 
and causing endothelial injury; all are more prevalent 
now than ever before and all are significant predisposing 
circumstances. These influences and the decline in the 
incidence of RHD have altered the age distribution of 
IK. Whereas, in the past, underlying chronic RHD 
encountered largely in voung adults was a major subsoil 
for IE, today it accounts for only a smal] minority of 
cases. Thus, the average age of patients with IE has 
increased; currently, over 90% are over the age of 20, 
with the peak incidence in the fourth and fifth decades 
of life. The male:female ratio is approximately 1.5:1.''° 
About 50 to 75% of patients have preexisting cardiac 
abnormalities—chronic RHD, congenital malformations 
(e.g., aortic stenosis, bicuspid aortic valve, ventricular 
septal defects, and tetralogy of Fallot), mitral valve 
prolapse, acquired aortic stenosis, and, in particular, 
cardiac surgery, especially valvular replacement.'™ In 
one large survey, one-quarter of the patients had pre- 
viously undergone cardiovascular surgery; when pros- 
thetic valves had been implanted the infection appeared 
soon after surgery in about one-third, within one to five 
vears after surgery in one-third, and more than five 
vears later in the remainder.'' Drug addicts represent 
5 to 15% of patients in most large studies. In 25 to 50% 
of cases of IE there is no apparent underlying cardiac 
disease or recognized cardiovascular predisposing influ- 
ence. 

Myriad organisms have been isolated from these 
patients. At least 95% are bacteria, but exotic causes 
such as rickettsia, chlamydia, and (more frequently in 
the recent past) fungi are also implicated. In most 
analyses that include both acute and subacute disease, 
the tollowing organisms predominate:'!!”° 


Organism 


Approximate Frequency (%) 
Streptococcus viridans 50 


Staphylococcus aureus approx. 20 

Enterococci 5-7 

Other staphylococci (a/bus, 2-5 
epidermidis) 

Pneumococci 2-5 

Gram-negative rods 2-5 

Culture-negative 5-10 


Less common offenders still encountered sufficiently 
often to merit mention include gonococci, diphtheroids, 
Hemophilus influenzae, parainfluenzae, Candida, and 
sometimes several microbial agents together. It should 
be noted that, in about 5 to 10% of cases, no microbial 
agent can be identified despite multiple blood cultures. 
This well-recognized problem may reflect difficulty in 
culturing the etiologic agent if it is microaerophilic or 
fastidious in its growth requirements, or failure to use 
special methods for fungal isolation or previous antibiotic 
therapy. 

There are some differences in the cardiac setting 
and microbiologic flora of acute IE and subacute IE, 
but these differences are not inviolate. 

Acute IE tends to have the following associations: 

1. The hearts are likely to be normal or to have 
had previous cardiac surgery. 

2. Drug addiction and chronic alcoholism. 

3. The organisms are likely to be highly virulent— 
S. aureus far outnumbering S. viridans. Other agents 
tending to cause acute IE are pneumococci, gonococci, 
beta-hemolytic streptococci, coliforms, Candida, and 
Aspergillus. 

4. A well-defined extracardiac focus of infection is 
often present, particularly when S. aureus is involved 
on a normal valve. !?! 

Drug addicts make up a distinctive subset of acute 
IE. The endocarditis tends to affect previously normal 
right-sided valves, particularly the tricuspid. !2* !2? Only 
occasionally is S. viridans involved; the most frequent 
infecting organism is S. aureus, with a disproportionate 
frequency of pneumococci and Candida.'** Patients who 
have had previous cardiac surgery are another distinc- 
tive subset. The causative organisms in “early” infections 
(developing within two months of the surgical proce- 
dure) differ from those in “late’-acquired infections. 
Early infections are generally due to skin and airborne 
organisms introduced perioperatively, including S. au- 
reus, S. epidermidis, diphtheroids, Corynebacterium, 
and aerobic gram-negative bacilli. The widespread use 
of antibacterial prophylaxis before, during, and after the 
operation has reduced the frequency of such infections, 
but may be responsible for the fact that fungi such as 
Candida and Aspergillus as well as other opportunists 
are now responsible for almost 15% of “early” infections. 
In “late” infections, occurring perhaps years after sur- 
gery, the microbiologic flora is very similar to that 
encountered in patients with underlying valvular le- 
sions, and so S. viridans, staphylococci, and enterococci 
species become important. The organisms responsible 
for these “late” infections are generally antibiotic sen- 
sitive, providing an opportunity to control these un- 
happy sequelae. 

In subacute IE the following should be noted: 

1. Most of the hearts have underlying cardiac dis- 
ease. 

2. The involved organisms tend to be of relatively 
low virulence, unlikely to assume etiologic significance 
in the absence of previous cardiac damage. 
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3. The preponderance of cases are caused by S. 
viridans and, much less often, enterococci. However, 
S. aureus occasionally is associated with subacute IE. 

4. A well-defined infection elsewhere is seldom 
identified, but occasionally there is a possible dental or 
urinary tract focus (e.g., dental work, catheterization, 
cystoscopy). 

PATHOGENESIS. Four factors have been postulated 
as having importance in the development of subacute 
IE, but have not been clearly related to acute IE: (1) 
deranged blood flow producing regurgitant and jet 
streams, (2) the formation of sterile platelet-fibrin de- 
posits, (3) seeding of these deposits by blood-borne 
organisms, and (4) agglutinating antibodies producing 
clumps of organisms.'!® Regurgitant and jet streams 
create “low-pressure sinks’ at their peripheries that 
favor the deposition of fibrin and clumps of agglutinated 
organisms. Thus, in rheumatic mitral stenosis there is 
inevitably regurgitation of blood during systole, creating 
the conditions for the localization of infected vegetations 
on the atrial surface of the damaged valve close to the 
margins of the regurgitant orifice. With aortic stenosis 
and regurgitation the ventricular surface becomes the 
“low-pressure sink” during diastolic regurgitation. 
Moreover, jet streams may induce endocardial injury, 
which helps to explain why small ventricular septal 
defects associated with jet streams are much more 
frequently the site of IE than interatrial communica- 
tions. It is understandable, then, that even organisms 
of relatively low virulence such as S. viridans, when 
blood borne, may become implanted at the site of an 
acquired or congenital cardiac defect. 

The events surrounding the development of acute 
IE are less well understood. Sometimes there are well- 
defined predispositions such as intravenous drug abuse 
with frequent introduction of all kinds of microbial 
contamination (addicts have been known to use water 
from the toilet to prepare their “fix’). The suture 
material and prostheses used in cardiac surgery are 
obvious foreign bodies inviting the localization of blood- 
borne agents. However, such special circumstances may 
not be necessary when the blood is seeded by highly 
virulent organisms such as S. aureus. Moreover, the 
resistance of the host is also an important factor in the 
equation. Thus, IE is a well-recognized hazard in hos- 
pitalized patients who already have some debilitating 
disease, even in the absence of previous cardiac surgery. 
Nosocomial infections are often caused by antibiotic- 
resistant or opportunistic organisms. Similarly, immuno- 
suppressed individuals have a greater risk of IE and an 
acute fulminating course whatever the infecting agent. 


Valvular Heart Disease 


MORPHOLOGY. The anatomic changes in IE are usually 
quite spectacular and readily evident. First, some generali- 
zations applicable to both acute and subacute forms will be 
made, followed by some possible points of difference. The 
diagnostic findings are the friable, bulky, usually bacteria- 
laden vegetations, most commonly on the heart valves (Fig. 
13-24). They may occur singly or multiply on one or more 


582 THE HEART 


a* 


: 
oh 
a 


% 
bd 


S . * 
a : eS : be 


ny 


Fig. 13-25 


Figure 13-24. Infective endocarditis (bacterial) of mitral valve with extensive friable vegetations, 
destruction of valve leaflets, and extension of vegetations to atrial endocardium. 
Figure 13—25. Acute infective endocarditis of aortic valve with through-and-through perforation of one 


of the cusps. 


valves. The mitral valve alone is affected in 25 to 30% of 
cases; aortic valve alone in 25 to 35%; mitral and aortic 
valves in 10%; tricuspid valve alone in 10%; heart valve 
prosthesis in 10%; and congenital defects in 10%.'* The 
individual vegetations are often several centimeters in great- 
est dimension but may be small, measuring only a few 
millimeters. At the time of postmortem examination, they 
generally pile up on or hang from the free margins of the 
leaflets as friable, irregular masses. Classically, they do not 
encircle the entire free margins of the leaflets as do those 
in rheumatic fever. Usually the vegetations in acute endo- 
carditis are bulkier (reflecting rapid microbial proliferation) 
than those in the subacute form of the disease, which can 
be small enough to be missed on casual inspection. More- 
over, in acute endocarditis the vegetations more often occur 
on previously normal valves, cause perforation of the un- 
derlying valve leaflet, and sometimes erode into the under- 
lying myocardial or vessel wall (Fig. 13-25). In the subacute 
form, the vegetations are generally superimposed on previ- 
ously damaged valves, as already mentioned. From these 
sites of origin the vegetations may extend to the surface of 
the leaflet or to the adjacent endocardium, or they may 
burrow through the valve to invade the ventricular wall or 
one of the great vessels entering or leaving the heart. 

The above description refers to the appearance of the 
disease in its florid, active stage. More and more often, 
cases are now identified with heaped-up, focal fibrotic or 
calcified masses along the free margins of one of the valve 
leaflets, suggesting a preexistent endocarditis. Indeed, the 
history occasionally confirms this. It is, therefore, now ap- 
preciated that these vegetations may undergo progressive 
fibrosis and organization and eventually become calcified. 
Such a happy outcome is, however, more frequent in patients 
with the subacute disease in which the causative organism 
is more likely to be amenable to therapeutic control. 

Histologically, there is little to be seen in the vegetations 
save for the irregular, amorphous, tangled mass of fibrin 
strands, platelets, and blood cell debris that, along with the 
masses of organisms and inflammatory cells, compose the 
vegetation. The underlying leaflet shows the anticipated 
vascularization and nonspecific inflammatory response (Fig. 
13-26). The bacteria or fungi may be extremely difficult to 
identify and are often deeply buried within the vegetation, 
which explains the difficulty in controlling these infections by 
antibiotic therapy. An important part of the examination of 
these vegetations is the identification of the organism by 
direct smear and culture. The tissue section morphology 
may provide a general clue to the type of organism, but 
ultimately cultural identification is required. 

There may be a number of sequelae.'*® Congestive 
heart failure is the most common serious complication and 
the leading cause of death in patients with endocarditis. The 
vegetations may fragment and embolize, more often with 
the large friable vegetations in the acute form of the disease. 
The four principal sites of embolization are brain, spleen, 
coronary arteries, and kidneys, in that order, but other sites 
may also be affected. Almost always, these septic infarcts 
become converted to abscesses. Suppurative pericarditis 
may result from direct penetration of the heart wall or by 
lymphatic permeation. The burrowing infection may produce 
a valvular ring abscess, whose consequences depend on 
location. Erosion of the valve leaflets or of the chordae 
tendineae may cause sudden valvular insufficiency and 
acute cardiac decompensation. Seeding of the aorta may 
give rise to a bacterial endaortitis. The bacteremia may seed 
any organ in the body, but the kidney, spleen, and brain are 
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Figure 13—26. Low-power view of a bacterial vegetation illustrating 
marked inflammatory infiltration. Black masses on surface are 
bacteria in colony formation. 


the most common sites of secondary infection. This se- 
quence is more characteristic of the virulent organisms 
causing acute IE. The myocardium itself may exhibit scat- 
tered metastatic abscesses. Small linear hemorrhages or 
even microabscesses may appear in the skin or nailbeds 
from direct bacterial seeding and/or immune complex— 
induced acute vasculitis. Acute splenitis is so common as to 
be virtually a part of the disease. Renal complications have 
become somewhat uncommon, perhaps because persistent 
untreated infections are now less frequent. The renal involve- 
ment takes many forms, including metastatic abscesses, 
infarctions (usually septic), focal glomerulitis or glomerulo- 
nephritis (formerly called focal embolic glomerulonephritis) 
(p. 1022), and diffuse proliferative glomerulonephritis (p. 
1007). Both forms of glomerulopathy are now considered to 
be immunologic in origin rather than due to direct emboli- 
zation of bacteria. 


CLINICAL Course. The subacute and acute forms 
of IE produce very different clinical syndromes. Sub- 
acute disease is usually insidious in onset and surrepti- 
tiously becomes apparent because of progressive weak- 
ness, weight loss, anemia, fever, and sometimes night 
sweats. Chills are uncommon. The presenting symp- 
toms, deceptively, may be headache or arthralgia. Oc- 
casionally, the first manifestation relates to an embolic 
episode to the brain, heart, spleen, or kidneys. There 
may be a host of other manifestations, including focal 
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skin or mucosal hemorrhages (sometimes having pale, 
infective centers); linear splinter hemorrhages under 
the nails; and (occasionally) tender, subcutaneous nod- 
ules (Osler’s nodes) in the palms, soles, or fingertips. 
These changes may relate to specific microemboli, but 
immune complex—mediated vasculitis is more likely.'” 
The phvsical examination at times can be deceptively 
negative early in the course of subacute disease. A 
cardiac murmur is generally present, but may relate to 
the preexisting cardiac abnormality. Only infrequently 
do the murmurs change in character, secondary to the 
build-up and fragmentation of vegetations. More impor- 
tant, murmurs are absent from a minority of cases in 
both the early and late stages of subacute TE. The spleen 
is frequently enlarged and may be tender. Sometimes 
clubbing of the fingers develops with prolonged disease. 
A variety of other manifestations may appear related to 
embolization, bacteremic seeding of organisms, and 
renal involvement, as detailed by Pelletier and Peters- 
dorf. '!% 

The diagnosis can be strongly suspected in an 
individual with unexplained embolizations and fever, 
but ultimately it rests with the identification of a blood- 
borne microbial agent. Blood cultures, when repeated 
sufficiently often, are positive in about 90% of cases. 
Culture-negative cases present serious problems since 
the choice of antibiotic, based on the sensitivity of the 
organism, critically influences the outcome. The outlook 
depends on the age of the patient, the susceptibility of 
the agent to antibiotic control, the duration of the 
disease prior to the institution of therapy, and the former 
cardiac status of the patient. Because of these variables, 
survival with subacute disease ranges from about 60% 
to 90% (with S. viridans). In resistant infections, in- 
creasing resort is being made to replacement of involved 
valves by prostheses, more often in acute destructive 
IE than in the subacute disease. The major causes of 
death in the subacute disease, in approximate descend- 
ing order of frequency, are congestive heart failure, 
embolic MI, embolic cerebral infarction, arrhythmias, 
and renal failure. No longer do many patients with 
subacute IE die of uncontrolled sepsis. 

Acute IE generally declares itself by the abrupt 
onset of high fever, shaking chills, and profound weak- 
ness. Splenomegaly may occur but often is not as 
prominent as in the subacute disease. Embolic manifes- 
tations appear relatively early, along with skin and 
mucosal petechiae. Murmurs are present in about two- 
thirds of these patients when vegetations involve the 
left side of the heart, and are more likely to change 
over the course of time as the vegetations build up and 
fragment. However, murmurs are not infrequently ab- 
sent, particularly with involvement of the right side of 
the heart. Painful nodules of the palms, soles, and 
fingertips are uncommon. Cardiac decompensation ap- 
pears relatively early and is prone to worsen suddenly 
as the valves erode or chordae tendineae rupture. Aortic 
ring abscesses may produce conduction disturbances or 
interventricular septal defects. Metastastic sites of in- 
fection are more frequent with acute IE than with the 
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subacute pattern and positive blood cultures are gen- 
erally more readily obtained with the highly virulent 
causative organisms. The outlook is largely dependent 
on the virulence of the infecting agent and its suscep- 
tibility to antimicrobial therapy modified by the age of 
the patient and the clinical setting in which the endo- 
carditis has developed. Thus, it is most grave in those 
having previous cardiac surgery and prosthetic valves. 
When infections by resistant strains of S. aureus, gram- 
negative rods, and fungi are superimposed on prosthetic 
valves, the mortality rate may reach 70%. In other 
instances, however, significantly better results have 
been achieved with aggressive antibiotic therapy cou- 
pled with surgical intervention (débridement or valve 
replacement). The major causes of death are CHF 
primarily due to valve dysfunction, fatal embolism, 
arrhythmias, mycotic aneurysm formation with rupture, 
and uncontrolled sepsis. Failures with antibiotic therapy 
are largely related to inappropriate treatment when 
organisms cannot be isolated for sensitivity testing, wall 
abscesses, the presence of prosthetic devices, and re- 
sistant organisms. Unfortunately, the patient who sur- 
vives an attack of subacute or acute IE often sustains 
permanent valvular damage and so remains at increased 
risk of recurrent infection with the same or a new 
organism. 


NONBACTERIAL THROMBOTIC ENDOCARDITIS 
(NBTE), MARANTIC ENDOCARDITIS 


This disorder is characterized by the precipitation 
of small masses of fibrin and other blood elements upon 
the valve leaflets of either side of the heart. In contrast 
to IE, the vegetations in this condition are sterile and 
tend to be small (1 to 5 mm). They resemble those of 
acute rheumatic endocarditis and Libman-Sacks disease 
much more closely. In NBTE, the vegetations may 
occur singly or multiply to form a small row along the 
line of closure of the leaflet (Fig. 13-27). Less often, 
they occur at other sites on the leaflets and even on the 
pulmonic and tricuspid valves. In some instances, the 
affected leaflets have some form of previous damage, 
such as old inflammatory rheumatic changes or degen- 
erative alterations due to vascular heart disease. Histo- 
logically, the vegetations are bland thrombi and there 
is no significant accompanying inflammatory reaction or 
organization. Consequently, they are only loosely at- 
tached to the underlying valve. 

The significance and interpretation of these lesions 
are controversial. In most instances, the patients have 
died of some protracted debilitating disease such as 
metastatic cancer, renal failure, chronic sepsis, or some 
other form of disease.'?’ Sometimes they occur concom- 
itantly with venous thromboses or in patients with 
pulmonary embolization, suggesting a common origin 
in a hypercoagulable state perhaps related to the un- 
derlying disease, such as cancer. Endocardial trauma as 
from an indwelling pulmonary artery (Swan-Ganz) cath- 
eter is a well-recognized predisposing condition. It 
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Figure 13—27. A, Nonbacterial thrombotic endocarditis. A solitary dark vegetation (arrow) is seen on 
posterior mitral leaflet. B, Bland dark vegetation on low power (arrow) sits on top of noninflammatory 


leaflet, as seen on a transection of the valve. 


should be noted, however, that this form of thrombotic 
endocarditis has occurred in young individuals, even 
children, and sometimes in patients who are well nour- 
ished and distinctly not marantic.'?®> Although the local 
effects on the valves are unimportant, the cardiac veg- 
etations may be significant clinically because they are 
sometimes productive of emboli and infarctions in the 
brain, heart, kidneys, and lungs and elsewhere.’”* In 
addition, these bland vegetations are believed to provide 


a soil for the implantation of microorganisms to yield IE 
(p. 581). 


NONBACTERIAL VERRUCOUS ENDOCARDITIS 
(LIBMAN-SACKS DISEASE) 


In disseminated lupus erythematosus, mitral and 
tricuspid valvulitis is occasionally encountered. This 
form of endocardial involvement is one of the important 
components of this systemic immunologic disorder.’”° 
The connective tissue of the valves may become the site 
of mucoid pooling, fibrinoid necrosis, and subsequent 
collagenous fibrosis. Frequently, this type of valvulitis 
leads to the formation of small vegetations on the valve 
leaflets that sometimes can be confused with the much 
larger, friable vegetations of IE or with nonbacterial 
thrombotic endocarditis. The characteristics and signif- 


icance of Libman-Sacks disease have already been dis- 
cussed (p. 187). 


CONGENITAL HEART DISEASE 


Congenital heart disease is most simply defined as 
a structural abnormality of the heart, present from birth. 


The more severe anomalies may be incompatible with 
intrauterine survival. When they permit live birth they 
may produce manifestations soon thereafter, owing to 
the change from fetal to postnatal circulatory patterns. 
In some instances, the anomaly evolves postnatally: for 
example, a coarctation (narrowing) of the aorta may 
become more pronounced when the ductus arteriosus 
closes after birth. Some anomalies do not become evi- 
dent until adult years. Thus, congenital heart disease, 
although usually the realm of the pediatrician, is also a 
cause of cardiac malfunction in adults. The disorders 
that normally do not cause cardiac malfunction until 
adult life, such as the mitral prolapse or “floppy mitral 
valve” syndrome, and hypertrophic cardiomyopathy, 
will not be included in our present consideration, nor 
the cardiovascular abnormalities encountered in a host 
of specific genetic disorders such as Marfan’s, Ehlers- 
Danlos, and Hunter-Hurler syndromes, many of which 
are covered elsewhere. 

INCIDENCE. Congenital heart disease is the most 
common type of heart disease among children, and 
fortunately most forms are now amenable to surgical 
correction. Although figures vary, a generally accepted 
incidence of congenital heart disease is 6 to 8 per 1000 
live-born, full-term births. This prevalence does not 
include perhaps the two most common cardiac abnor- 
malities, bicuspid aortic valve and mitral valve prolapse, 
which often do not constitute functionally significant 
derangements in the early years of life.'!°° There are 
even wider discrepancies in the reported frequencies of 
specific forms of congenital heart disease. The ten most 
common, accounting for 90% of cases with approximate 
frequencies, are presented in Table 13-4, which is 
drawn from several sources.'*!"' These more common 
anomalies will be described after some brief comments 
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Table 13-4. FREQUENCY (%) OF TYPES OF CONGENITAL 
CARDIAC DEFECTS IN CHILDREN 
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Diagnosis Percentage 
Ventricular septal defect 20-30 
Patent ductus arteriosus 10-20 
Coarctation of aorta 10-15 
Atrial septal defect 5-15 
Tetralogy of Fallot 5-15 
Transposition of great vessels 5-15 
Pulmonary stenosis or atresia 5-15 
Aortic atresia or stenosis 5-15 
Tricuspid atresia 2 
Mitral atresia 2 
Others 5-10 


on etiology and clinical correlations. For the less com- 
mon lesions, reference may be made to specialized 
texts. 13-4, 135 

ETIOLOGY. In over 90% of instances the etiology of 
congenital heart disease is unknown. However, multi- 
factorial inheritance with both genetic and environmen- 
tal inputs is suspected.'*> About 5% of cases are associ- 
ated with chromosomal abnormalities. The specific 
karyotypes often having cardiac anomalies are trisomies 
21, 18, 13, 22, 9 (mosaic), and +14q— and Turner's 
Svndrome. About 2 to 3% of cardiovascular abnormali- 
ties are related to gene defects in a wide variety of 
autosomal dominant, autosomal recessive, and sex- 
linked hereditary syndromes, e.g., Ehlers-Danlos, Mar- 
fan's, mucopolvsaccharidoses, muscular dystrophies, 
and glycogenoses. Probably less than 1% can be clearly 
attributed to environmental influences. Best docu- 
mented is maternal rubella in the first trimester of 
pregnancy, which may result in patent ductus arteriosus, 
pulmonic valvular and/or arterial stenosis, and ventric- 
ular septal defect, either singly or in combination, and 
sometimes also cataracts, deafness, and microcephaly. 
A large number of other cardiac teratogenic influences 
have been identified in animals, such as hypoxia, ion- 
izing radiation, and various drugs, but in humans, in 
addition to maternal rubella, there is substantial evi- 
dence implicating thalidomide, trimethadione, and ex- 
cessive alcohol consumption. Excessive cigarette smok- 
ing is also suspect. 

The belief that the great majority (about 90%) of 
structural cardiac anomalies are multifactorial in origin 
is largely inferential.!% With most monozygotic twins, 
when one has a congenital cardiac defect, the other 
more often is free of it, indicating that, in general, the 
defect is not simply of genetic origin. On the other 
hand, about one-third of those with congenital malfor- 
mations of the heart have one or more relatives with 
congenital heart disease, and there is a two- to fivefold 
increased risk of congenital heart disease when first- 
degree relatives (parents or siblings) are affected; some- 
times the relatives have the same type of congenital 
defect. There is, in addition, a well-defined sex prepon- 
derance for certain specific defects. Patent ductus arter- 
iosus and atrial septal defects are more common in 


females, while valvular aortic stenosis, coarctation of the 
aorta, tetralogy of Fallot, and transposition of the great 
arteries are more frequent in males. Overall, males are 
more often involved. Thus, there are many hints of 
genetic influence, but the twin studies make clear that 
environmental influences, although rarely identifiable, 
must also contribute. 

Several important observations relevant to genetic 
counseling should be mentioned at this point. The basic 
development of the heart occurs between the second 
and eighth weeks of embryogenesis. Environmental 
insults, then, must occur during this vulnerable period 
to cause congenital heart disease. Most cardiovascular 
abnormalities clearly of genetic origin are associated 
with well-defined multisystem syndromes. The chro- 
mosomal syndromes, e.g., the trisomies, are largely the 
consequence of errors in gametogenesis and so most 
often are not familial. Only the cardiovascular abnor- 
malities related to mutant genes, e.g., Marfan's, Ehlers- 
Danlos, and the mucopolysaccharidoses, are hereditary 
and familial. With these exceptions, parents of an af- 
fected child can be reassured that, while there is a 
somewhat increased risk for subsequent children, it is 
small (below 5%), and with a live-born infant the defect 
may well be amenable to surgical correction. However, 
when more than one member of a family is affected, 
the risk rises sharply. 

CLINICAL CONSEQUENCES. Each of the myriad 
structural anomalies produces its own somewhat dis- 
tinctive secondary effects on the heart and body. How- 
ever, certain threads are common to many. 

Cyanosis is a prominent manifestation of many 
forms of congenital heart disease. It appears whenever 
the blood contains more than 3 to 5 gm per dl of 
reduced hemoglobin. The cyanosis when less severe 
may affect only the peripheral parts of the body— 
fingers, toes, nose, earlobes (so-called “peripheral cy- 
anosis ) or it mav be much more generalized and severe 
(“central cyanosis’). In general, peripheral cyanosis oc- 
curs with congenital or acquired cardiac defects that 
reduce the cardiac output, such as severe mitral stenosis 
and pulmonary stenosis, as well as in cardiac failure, 
whatever the cause. Central cyanosis, in contrast, arises 
either because of inadequate oxygenation of the blood 
in the lungs or (of particular interest here) with any 
cardiac anomaly that induces a right-to-left shunt. It 
may be present with congenital cardiac anomalies from 
birth, as seen with transposition of the great vessels in 
which the aorta arises from the right ventricle. How- 
ever, it sometimes may appear after birth, possibly 
years later (cyanose tardive). For example, an infant 
born with an atrial or ventricular septal. defect has at 
first a left-to-right shunt without cyanosis, but in time 
the pressure and volume overload of the right side of 
the heart causes reversal of flow, producing cyanose 
tardive. Clinical findings frequently associated with 
severe, long-standing cyanosis are clubbing of the tips 
of the fingers and toes, hypertrophic osteoarthropathy 
(p. 1333) and polycythemia. 


Pulmonary vascular disease is a serious conse- 
quence of all forms of congenital heart disease that 
increase pulmonary blood flow or pressure, such as 
atrial and ventricular septal defects, patent ductus ar- 
teriosus, and transposition of the great vessels.!*° Al- 
though described in some detail on page 713, it basically 
comprises medial, and sometimes intimal, thickening of 
the walls of the pulmonary arteries of medium and small 
size, and sometimes thrombosis and obliteration of the 
lumens of the small peripheral branches.'*? The in- 
creased resistance to flow constitutes a serious impair- 
ment of pulmonary function, and thus fear of this 
consequence of certain forms of congenital heart disease 
dictates early surgical treatment.’ 

Enlargement of the heart or of a particular cham- 
ber occurs with many types of congenital heart disease, 
and is produced by volume or pressure overloads. Right 
atrial dilatation occurs with an atrial septal defect. Left 
ventricular hypertrophy or dilatation is particularly 
prominent with aortic stenosis, coarctation of the aorta, 
patent ductus arteriosus, and aortic regurgitation. The 
right ventricle is similarly affected by the increased 
pressure resulting from pulmonary stenosis or the in- 
creased volume delivered by an atrial or ventricular 
septal defect. 

Feeding difficulties and impaired growth and de- 
velopment are common in many cyanotic and, to a lesser 
extent, acyanotic disorders. In most instances, such 
compromised infants and children have congestive heart 
failure, which of course is the ultimate consequence of 
all uncorrected defects that seriously impinge on cardiac 
function. 

A variety of other problems may arise with a 
congenital heart disorder. Cerebral thrombosis some- 
times occurs in very young children having some form 
of cyanotic heart disease, presumably related to poly- 
cythemia and increased blood viscosity. Often the 
thrombotic episode is triggered by a febrile illness that 
leads to dehydration. Paradoxical embolus and brain 
abscess (if the embolus is infected) may arise with right- 
to-left shunts that bypass the normal filtration action of 
the lungs. Infective endocarditis is another hazard seen 
most often with tetralogy of Fallot, ventricular septal 
defect, aortic stenosis, and patent ductus arteriosus. It 
may also follow reparative cardiac surgery with the 
introduction of prosthetic conduits, patches, or valves. 
Finally, all children with significant congenital cardiac 
defects are at greater risk of developing any disease of 
childhood, giving added impetus to the recognition and, 
when possible, the surgical correction of all functionally 
significant anomalies. 

CLASSIFICATION. There are as many classifications 
of congenital heart disease as there are writers on the 
subject. Widely used is the following framework: 

1. Abnormal communications between the sys- 
temic and pulmonary circulations without cyanosis (left- 
to-right shunts). 

2. Valvular and vascular obstructive lesions encom- 
passing the right-to-left (cyanotic) shunts and the purely 
obstructive anomalies. 
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3. Transpositions. 
4. Malpositions of the heart. 


COMMUNICATIONS BETWEEN SYSTEMIC AND 
PULMONARY CIRCULATIONS WITHOUT 
CYANOSIS (LEFT-TO-RIGHT SHUNTS) 


Atrial Septal Defect (ASD) 


With the exception of mitral valve prolapse (p. 576) 
and bicuspid aortic valve (p. 591), ASD is the most 
common congenital cardiac anomaly first recognized in 
adults, more frequent in females than in males. It 
usually passes unnoted in infants and children, only 
becoming manifest when reversal of flow through the 
shunt (due to development of increased pulmonary 
arterial pressure) induces cyanosis, or right-sided heart 
failure develops. There are three types of ASD: ostium 
primum, ostium secundum, and sinus venosus.'*° Nor- 
mally, at the end of the third or the beginning of the 
fourth week, the common atrial canal is divided by a 
septum primum contributed by the sinus venosus and 
endocardial cushion tissue. Two openings are left in the 
septum primum: a foramen primum, low and posteriorly 
in the neighborhood of the atrioventricular valve, and a 
foramen secundum, approximately where the foramen 
ovale will later be situated. At about the fifth week of 
embryogenesis, growth of the septum primum abolishes 
the low foramen primum. The foramen secundum, 
however, is partially closed by a newly-formed septum 
secundum derived from the medial wall of the right 
atrium, which lies to the right of the septum primum. 
However, since this secondary septum is itself not 
complete, an aperture is left, known as the foramen 
ovale, which is juxtaposed to a more or less intact region 
of the septum primum lying to its left. Thus, a flaplike 
membrane covers the foramen ovale. As long as pressure 
in the right atrium is higher than that in the left, the 
oxygenated blood in the right atrium flows into the left 
atrium. However, with birth and opening of the pul- 
monary circulation the pressure relationships are re- 
versed, but flow from left to right is prevented by the 
flap valve covering the foramen ovale. Fusion of the 
membrane over the foramen normally follows. A non- 
functional oblique slit may persist, known as a patent 
foramen ovale, which permits little or no flow because 
of the flap valve arrangement. 


Ostium primum anomalies represent only about 5% of 
ASDs. They occur low in the atrial septum adjacent to the 
atrioventricular valves, and are sometimes associated with 
deformities of these valves. This type of ASD is common in 
Down’s syndrome. 

Ostium secundum occurs at the location of the fora- 
men ovale because of juxtaposed defects in the primary and 
secondary septa. This pattern represents approximately 90% 
of all ASDs. It is sometimes associated with other defects— 
patent ductus arteriosus, ventricular septal defect, pulmo- 
nary stenosis, transposition of the great arteries, and tetral- 
ogy of Fallot. The atrial aperture may be of any size: single, 
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multiple, or sometimes fenestrated. A very large ostium 
secundum creates essentially a single atrial chamber. 

Sinus venosus defects are located high in the atrial 
septum near the entrance of the superior vena cava. They 
account for about 5% of ASDs and are sometimes accom- 
panied by anomalous connections of pulmonary veins from 
the right lung to the superior vena cava or right atrium. 


THE HEART 


ASDs are very well tolerated if small (less than 1] 
cm in diameter). Even larger defects do not constitute 
serious problems during the first decades of life when 
the flow is from left to right. A murmur is often present; 
it arises at the pulmonic valve as a result of excessive 
flow through the valve. Eventually, however, reversal 
of flow may occur as the right atrium and right ventricle 
hypertrophy, and pulmonary hypertension and arterial 
changes develop. Cyanosis, respiratory difficulties, and 
cardiac failure then ensue progressively. Rarely, a rheu- 
matic, acquired mitral stenosis combines with an ASD 
(Lutembacher s syndrome) to greatly raise the left-sided 
pressure and hasten the development of pulmonary 
hypertension. Some would extend Lutembacher’'s syn- 
drome to include the combination of ASD and pulmo- 
nary hypertension, whatever its cause, e.g., multiple 
pulmonary emboli or diffuse pulmonary vascular dis- 
ease. Infective endocarditis is rare with ASDs because 
of the low pressure gradients and sluggish flow (see p. 
581), but paradoxical embolism or brain abscess may 
appear. 


Ventricular Septal Defect (VSD) 


As pointed out earlier, VSD is the most common 
congenital cardiac anomaly. Frequently it is associated 
with other structural defects, particularly tetralogy of 
Fallot, but also with pulmonary stenosis, coarctation of 
the aorta, transposition of the great arteries, and tricus- 
pid atresia.'"° Depending on the size of the defect, it 
may produce difficulties virtually from birth or, with 
smaller lesions, may not be recognized until later. 
Spontaneous closure of smal] defects sometimes occurs 
within the first three years of life. In normal cardiac 
development between the fifth and sixth weeks of 
embryonic life, the common ventricular canal is divided 
by a septum. The basal portion of the septum close to 
the atrioventricular valves is membranous and derived 
from endocardial cushion tissue and the conal ridges 
from the bulbus cordis. The remaining largest part of 
the septum is muscular and derived from the medial 
wall of the expanding ventricles. 


VSDs vary enormously in size and location. They range 
from probe patencies to lesions sufficiently large to create 
virtually a single ventricle (cor triloculare biatriatum). Van 
Praagh and colleagues point out that univentricular hearts 
are not always the result of failure of development of the 
interventricular septum but may have other origins, e.g., 
aplasia of the right or left ventricle.'*’ Ninety per cent of 
VSDs are located in the membranous portion of the inter- 
ventricular septum (Fig. 13-28). Sometimes such defects 
are accompanied by prolapse of a defective or maldeveloped 
aortic valve. Most often single, though occasionally multiple, 


Figure 13—28. Ventricular septal defect high in membranous septum 
with fibrous thickening of margins of patency (arrow). 


defects are found. In the course of time the left-to-right shunt 
induces right ventricular hypertrophy and sometimes, with 
small defects, focal endocardial thickenings where the jet 
stream impinges (jet lesions). 


The functional significance of a VSD depends on 
the size of the defect, level of pulmonary vascular 
resistance, and absence of pulmonary stenosis. Smal] 
defects (less than 0.5 cm in diameter) are generally well 
tolerated for years. However, they induce a loud mur- 
mur heard throughout systole, sometimes accompanied 
by a systolic thrill. Over the span of time the small 
defect may close. If it remains patent and permits a 
significant left-to-right flow (usually with diameters 
greater than 1 cm), right ventricular enlargement and 
pulmonary hypertension develop with reversal of flow 
and cyanose tardive, clubbing, and polycythemia. Large 
defects may become manifest virtually at birth because 
of signs of cardiac failure accompanying the murmur. 
There is, thus, a wide range in the behavior of VSD 
from spontaneous closure to fulminant cardiac failure. '*? 
A particular risk in those with small or moderate-sized 
defects is superimposed infective endocarditis, rarely 
encountered with large defects. Surgical closure of 
incidental VSDs is generally not attempted during in- 
fancy because of both the possibility of spontane- 
ous closure and the operative mortality rate. How- 
ever, correction is indicated in older children and adults 
when there is a moderate-to-large left-to-right shunt, 
before significant increased pulmonary vascular disease 
develops. 


Patent Ductus Arteriosus 


The ductus arteriosus is a normal vascular channel 
during intrauterine life that courses between the bifur- 
cation of the pulmonary artery and the aorta, just distal 
to the origin of the left subclavian artery. In a healthy, 


full-term newborn, functional closure due to muscular 
contraction occurs within the first day of postnatal life, 
but anatomic closure by intimal proliferation and fibrosis 
may not occur for several months. Delay in functional 
closure often occurs in premature infants. The stimulus 
to closure is poorly understood, but the fact that any 
hypoxic condition such as the respiratory distress syn- 
drome predisposes to delay suggests that arterial oxygen 
tension plays a role. Even in utero the patency of the 
ductus may depend on the elaboration of vasodilators, 
among them prostaglandins.'** Thus, formation of spe- 
cific vasodilating prostaglandins may also contribute to 
delayed closure of the ductus. Whatever the mecha- 
nism, persistence of a functional lumen greater than 2 
mm in diameter after the first week of life is generally 
considered to be abnormal. In many analyses, patent 
ductus arteriosus is the second most frequent functional 
cardiovascular malformation in infancy and childhood, 

more common in females than in males. Although it 
may occur as the sole defect, it is sometimes accom- 
panied by other malformations such as coarctation of 
the aorta, aortic stenosis, pulmonic stenosis, and VSD. 

Indeed, continued patency of the ductus may be life- 


saving in the presence of severe pulmonic stenosis or 
atresia. 


The length and diameter of the ductus vary widely. 
Sometimes it virtually consists of only a defect between 
closely approximated pulmonary artery and aorta. In other 
instances, it is several centimeters in length. The diameter 
may range up to 1 cm. Commonly, the left ventricle is 
hypertrophied and the pulmonary artery dilated. In older 
children and adults, right ventricular hypertrophy appears 
when pulmonary hypertension supervenes. 


Most often, patent ductus arteriosus does not pro- 
duce functional difficulties at birth. Indeed, a narrow 
ductus may have no effect on growth and development 
during childhood. However, its existence can generally 
be detected by a continuous harsh murmur described 
as machinery-like. Often it is accompanied by a systolic 
thrill. Since the shunt is at first left-to-right, there is no 
cyanosis. However, pulmonary hypertension and pul- 
monary vascular disease eventually ensue, with ultimate 
reversal of flow and all its associated consequences— 
right ventricular hypertrophy, cyanosis, clubbing, and 
polycythemia. Since the ductus empties into the aorta 
distal to the origin of the left subclavian artery, the 
cyanosis may affect the toes and lower extremities, but 
not the fingers. Elective surgical ligation is generally 
indicated because it carries a low morbidity and mor- 
tality, abolishes the abnormal shunt, and prevents the 
development of superimposed infective endoaortitis and 
pulmonary complications. 


Coarctation of Aorta 


Coarctation—narrowing or constriction—of the 
aorta ranks high in frequency among the common struc- 
tural anomalies. Males are affected two to three times 
more often than females, although females with Turner's 
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syndrome (p. 132) frequently have a coarctation. In the 
past, the narrowings have been subdivided into “infan- 
tile” and “adult” forms, but there is little utility to this 
separation since clinical manifestations depend almost 
entirely on the location of the narrowing and its severity. 
Although coarctation may occur as the sole defect, in 
75% of instances it is accompanied by other anomalies— 
patent ductus arteriosus, bicuspid aortic valve, congen- 
ital aortic stenosis, ASD, VSD, mitral regurgitation, and 
berry aneurysms of the circle of Willis. 


Narrowing of the aorta may occur anywhere along its 
length, even below the diaphragm, but most coarctations 
are located just distal or (less often) proximal to the ductus 
arteriosus or its obliterated ligamentum arteriosum. They 
may represent sharp, membrane-like constrictions, or nar- 
rowings several centimeters in length. The encroachment 
on the aortic lumen is also variable, sometimes leaving only 
a very small channel or, at other times, producing only 
minimal narrowing. With preductal coarctation, the ductus 
arteriosus is almost always open; in the postductal group, 
less than half have a patent ductus arteriosus (Fig. 13-29). 


Preductal coarctation usually leads to manifesta- 
tions early in life, and indeed it may cause signs and 
symptoms immediately after birth. Many infants with 
this anomaly do not survive the neonatal period. Much 
depends on the patency of the ductus arteriosus and its 
ability to supply sufficient blood to the aorta to sustain 
the circulation to the lower part of the body. With 
preductal coarctation, right ventricular hypertrophy de- 
velops in utero, and congestive heart failure may appear 
very early. In such cases the delivery of unsaturated 
blood through the ductus arteriosus produces cyanosis 
in the lower half of the body, while the head and arms 
are unaffected since their blood supply derives from 
vessels having origins proximal to the ductus. 

The outlook is much brighter with postductal coarc- 
tation, unless very severe. Most of the children are 
asymptomatic and the disease may go unrecognized 
until well into adult life. Typically, there is hypertension 
in the upper extremities, but weak pulses and a lower 
blood pressure in the lower extremities associated with 
manifestations of arterial insufficiency, i.e., claudication 
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Figure 13-29. Diagram of major vessels showing a postductal 
coarctation of aorta. 
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and coldness. Particularly characteristic in adults is the 
development of collateral circulation between the pre- 
coarctation arterial branches and the postcoarctation 
arteries. Thus, the intercostals may become enlarged 
and palpable. Radiographically visible erosions (“notch- 
ing’) of the inner surfaces of the ribs may be produced 
by abnormally dilated internal mammary arteries. The 
axillary arteries may also become dilated and obviously 
pulsatile. 

With all significant coarctations, murmurs are often 
present throughout systole, and sometimes a. thrill. 
Similarly. there is cardiomegaly. Ultimately, aortogra- 
phy is definitive. With uncomplicated coarctation, sur- 
gical resection and end-to-end anastomosis or replace- 
ment of the affected aortic segment by a prosthetic graft 
yields excellent results. Untreated, the mean duration 
of life is about 40 vears. Deaths are caused by congestive 
heart failure, intracranial hemorrhage, infective aortitis 
at the point of narrowing, and rupture of the precoarc- 
tation aorta related to the hypertension and the devel- 
opment of cystic medial necrosis (p. 534). Rarely, it 
should be noted, coarctation may occur in the proximal 
aorta prior to the origin of the major arteries to the 
head and neck and upper extremities, reducing the 
blood pressure and arterial supply of the entire body, 
or it may be located in the distal aorta and thus not be 
accompanied by any of the characteristic findings men- 
tioned. 
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Tetralogy of Fallot 


The four features of this disorder are (1) ventricular 
septal defect, (2) an aorta that overrides the ventricular 
defect, (3) obstruction to the right ventricular outflow, 
and (4) right ventricular hypertrophy (Fig. 13-30). The 
tetralogy is the most common form of cyanotic congenital 
heart disease that, cven untreated, permits survival for 
more than a few years. Indeed, in an analysis of a large 
series of patients with this condition who died without 
ever having had cardiac surgery, about 10% were alive 
at 20 vears and 3% at 40 years.'" It is more frequent in 
males than in females. The severity of the clinical 
manifestations are directly related to the degree of 
obstruction to right ventricular outflow. 


The heart is often enlarged and may be boot shaped 
owing to marked right ventricular hypertrophy, particularly of 
the apical region. The VSD is usually large and often 
approximates the diameter of the aortic orifice. It often abuts 
on the aortic valve ring. The obstruction to right ventricular 
Outflow is most often due to narrowing of the infundibulum 
of the right ventricle, but this alteration is sometimes asso- 
ciated with pulmonary valvular stenosis. l.ess commonly, the 
outflow obstruction is supravalvular.Sometimes there is com- 
plete atresia of the pulmonary artery or absence of a main 
branch, and only flow through a patent ductus and/or dilated 
bronchial arteries permits survival. The aortic origin overrides 
or straddles the septal defect. A bicuspid aortic valve may 
be present, and sometimes the aortic arch is right-sided. 


It is evident from the anatomic malformations that 
pulmonary flow is reduced, sometimes markedly, and 
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Figure 13-30. Diagram of heart and major vessels showing tetralogy 
of Fallot. Note: Origin of pulmonary artery has been schematically 
displaced to left to call attention to its stenosis. 


so a large volume of unoxygenated right ventricular 
blood is shunted through the septal defect. Thus, cy- 
anosis appears very early, although it may not be 
apparent at birth with milder obstruction. In time, even 
infants born without cyanosis often develop it as the 
right ventricular outflow obstruction progressively wors- 
ens. Dyspnea, underdevelopment, clubbing, and poly- 
cythemia accompany the appearance of cyanosis. A 
murmur is frequently present that may not be distin- 
guishable from one caused by a VSD. It is produced by 
the pulmonary outflow obstruction and its intensity is 
inversely proportional to the severity of the obstruction. 
The diagnosis is frequently apparent from the clinical 
findings along with radiologic evidence of reduced pul- 
monary vascular markings. However, it may require 
selective angiocardiography with right ventricular injec- 
tion to document the cardiac anomalies of both form 
and function. Surgical correction is indicated in almost 
all patients; untreated, less than one-quarter of those 
affected live for ten years.'** Moreover, surgery is 
indicated as early in life as the condition of the patient 
permits because the infundibular narrowing increases 
with time. The causes of death are usually hypoxia and 
cardiac failure, sometimes aggravated by respiratory 
infections. Common complications are polycythemia 
with a thrombotic diathesis, infective endocarditis, par- 
adoxic embolism, cerebral infarction, and cerebral ab- 
SCeSS. 


VALVULAR AND VASCULAR OBSTRUCTIVE 
LESIONS 


Tricuspid Atresia 


Complete absence of the tricuspid valve is known 
as atresia. It is almost always associated with underde- 
velopment of the right ventricle and an ASD. The 
circulation is maintained by a right-to-left shunt through 
the interatrial communication. Often the tricuspid atre- 
sia is associated with hypoplasia of the pulmonary artery 
and atresia or stenosis of the pulmonary valve. A VSD 
also is frequently present. Cyanosis is present virtually 


from birth and there is a high mortality in the first 
weeks or months of life. Palliative surgery may be 
possible, depending on the severity and number of 
associated anomalies. 


Pulmonary Stenosis or Atresia with Intact 
interventricular Septum 


This is a relatively uncommon cardiac malforma- 
tion. When the valve is entirely atretic it is commonly 
associated with a hypoplastic right ventricle and an 
ASD. With atresia, there is no communication between 
the right ventricle and lungs, and so flow bypasses the 
right ventricle through an_interatrial septal defect, 
thence entering the lungs through a patent ductus. 
Pulmonary stenosis, on the other hand, may be mild to 
severe. It is usually caused by fusion of the cusps 
creating a dome-shaped structure surmounted by the 
valvular orifice. Mild stenosis may be asymptomatic and 
compatible with long life. The smaller the valvular 
orifice, the more severe is the cyanosis and the earlier 
its appearance. The prognosis obviously depends on the 
severity of the pulmonary valvular narrowing and asso- 
ciated malformations. Isolated valvular stenosis is easily 
corrected with surgery. When associated with right 
ventricular hypoplasia, the outlook is poor. It should be 
noted that obstruction to the pulmonary flow may be 
due also to subvalvular or supravalvular narrowings, or 
sometimes there are multiple sites of stenosis. 


Aortic Stenosis and Atresia 


A relatively rare developmental anomaly, aortic 
atresia is incompatible with neonatal survival. Aortic 
stenosis, however, is compatible with survival, depend- 
ing on its severity. There are two types, valvular and 
subvalvular. With valvular stenosis there is maldevel- 
opment of the cusps to create essentially a thickened, 
fibrous diaphragm having a lumen of varying diameter. 
The subvalvular pattern comprises a thickened fibrous 
ring below the level of the cusps. With the exception 
of coarctation of the aorta and occasionally patent ductus 
arteriosus, other associated anomalies are uncommon. 
However, left ventricular hypertrophy frequently de- 
velops as a consequence of the pressure overload. 
Sometimes, poststenotic dilatation of the aortic root 
develops. A prominent systolic murmur is usually de- 
tectable and sometimes a thrill. It should be noted that 
there are other causes of obstruction to the left ventric- 
ular outflow such as an unusually proximal coarctation 
(supravalvular obstruction) and hypertrophic cardiomy- 
opathy (idiopathic hypertrophic subaortic stenosis) (p. 
597). In general, congenital stenoses are well tolerated 
unless very severe. Mild stenoses can be managed 
conservatively with antibiotic prophylaxis and avoidance 
of strenuous activity, but the threat of sudden death 
with exertion always looms. Surgical correction is usually 
indicated, however, with both mild and severe stenosis 
for hemodynamic reasons and to lessen the chance of 
infective endocarditis. 
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Bicuspid Aortic Valve 


This malformation is one of the most common (1 to 
2% of the population), but is of no functional significance 
at the outset. Over the span of years to decades, 
however, it is prone to become fibrotic and calcified 
and thus give rise to calcific aortic stenosis (p. 578). The 
bicuspid valve is also a favored site for the development 
of infective endocarditis. 


Hypoplastic Left Heart Syndrome 


This designation refers to a constellation of very 
similar congenital anomalies all marked by (1) under- 
development of the left cardiac chambers, (2) atresia or 
stenosis of one or both of the left-sided valves, and (3) 
hypoplasia of the aorta. Commonly, there is endocardial 
fibroelastosis (p. 599) in the left chambers. The route of 
blood flow is from the lungs into the small left atrium, 
thence through a patent foramen ovale into the right 
heart and out the pulmonary artery to traverse a patent 
ductus arteriosus and thus reach the aorta. However, 
the cardiac output is markedly reduced, and most infants 
manifest cardiac failure from birth and die within days 
as the ductus begins to narrow postnatally. Even when 
the condition is recognized by catheterization, attempts 
at corrective or palliative surgery have generally been 
to no avail. 


TRANSPOSITIONS 


Transposition of Great Arteries and Veins 


Transpositions are a complex group of malforma- 
tions in which there may be inversion of the aorta and 
pulmonary artery with respect to the ventricles, inver- 
sion of the atria with respect to the ventricles, ventric- 
ular inversion relative to the atria, inversion of the atria 
and ventricles together, or origin of both great vessels 
from a single ventricle. Only the most common form 
will be described, along with a few comments on two 
other variants. More details are available  else- 
where. © 147 In the most common pattern, the aorta 
arises from the morphogenetic right ventricle and lies 
anteriorly to the pulmonary artery and toward the 
midline, while the pulmonary artery arises from the 
morphogenetic left ventricle (Fig. 13-31). This malfor- 
mation has a male-to-female ratio of 3:1 and is particu- 
larly common in offspring of diabetic mothers. During 
intrauterine life, the patency of the foramen ovale and 
ductus arteriosus provide sufficient “mixing” of venous 
and systemic blood to permit survival. Postnatal survival 
requires continued “mixing, otherwise two separate 
circulations would exist, with the aorta receiving unoxy- 
genated blood from the systemic return and the pul- 
monary artery recycling oxygenated blood. Virtually all 
patients who survive the neonatal period have an inter- 
atrial communication; patent ductus is present in about 
60% and a VSD in 30%. Right ventricular hypertrophy 
usually develops with survival for any period of time. 
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This pattern of transposition is one of the common forms 
of cyanotic congenital heart disease and is a major cause 
of death in the first two months of life. Recognition of 
this entity requires correct differentiation of the mor- 
phogenetic, finely trabeculated left ventricle from the 
coarsely trabeculated right ventricle. 

The outlook for infants with transposition of the 
great vessels depends on the degree of “mixing” of the 
blood, the magnitude of the tissue hypoxia, and the 
ability of the morphogenetic right ventricle to maintain 
the aortic outflow and systemic circulation. Without 
surgery, most patients die within the first months of 
life. Rare survivals into young adult life have been 
reported, usually when there is an associated large 
interatrial defect, a VSD with some pulmonic stenosis, 
or a single ventricle. 

A variety of surgical approaches have been devised 
for increasing the intracardiac communication of the 
systemic and pulmonary circulations. 

In so-called “corrected” transposition the ventricles 
are inverted relative to the atria. Thus, the morphoge- 
netic right atrium communicates with the morphoge- 
netic left ventricle that supplies a transposed pulmonary 
artery. On the other side of the heart, the left atrium 
communicates with the morphogenetic right ventricle 
that ejects into the transposed aorta (Fig. 13-31). In the 
absence of other associated malformations, a functionally 
normal circulation would exist save that the systemic 
arterial supply is maintained by a morphogenetic right 
ventricle that usually undergoes marked hypertrophy. 
However, other malformations are usually present, par- 
ticularly of the atrioventricular valves, and so a satisfac- 
tory physiologic circulation is rarely achieved.!* 

Another variant is the Taussig-Bing malformation. 
In this condition, the aorta comes off the right ventricle 


and there is a VSD directly beneath an “overriding” 
pulmonary artery that is situated in front of the aorta. 
Frequently, an associated coarctation of the aorta is 
present. 


MALPOSITIONS OF HEART 


Positional anomalies are, fortunately, uncommon. 
Some are extraordinary and are encountered in terato- 
logic monsters such as when the heart is situated outside 
of the body (ectopia cordis) or within the abdomen with 
a diaphragmatic hernia. Other malpositions, such as 
dextrocardia, are of importance only as clinical diagnos- 
tic curiosities imposed upon unsuspecting medical stu- 
dents. In dextrocardia, the apex of the heart points to 
the right and is in the right hemithorax. Dextrocardia 
may be accompanied by inversion of all of the viscera 
in the recessively inherited condition “situs inversus 
totalis,” thus creating a mirror image of the anatomic 
location of all viscera. The left-sided appendix and 
gallbladder can cause confusion to the unwary surgeon. 
Sometimes the situs inversus is accompanied by sinusitis 
and bronchiectasis, thus constituting Kartagener's syn- 
drome. The basis for this curious complex of abnormal- 
ities is discussed on page 729. In most instances, the 
heart is otherwise normal and the individual may not 
even be aware of being a “walking medical curiosity.” 
However, other cardiac malformations may be present. 

Dextrocardia may not be accompanied by inversion 
of other viscera—isolated dextrocardia. Such hearts are 
almost always abnormal. Particularly common associa- 
tions are transposition of the atria relative to the ven- 
tricles, or transposition of the great arteries, as has been 
described. Conversely, the viscera may be inverted 
with the heart in its normal position.'*° There is a well- 
defined association of asplenia or polysplenia with mal- 
positions of the heart. 


MYOCARDIAL DISEASE 


Myocardial disease occurs in many of the major 
forms of heart disease, such as MI, rheumatic heart 
disease, and hypertensive heart disease, already dis- 
cussed. Here our consideration is limited to two broad 
categories of myocardial involvement: (1) myocarditis, 
characterized by morphologic changes indicative of an 
inflammatory reaction, usually to some microbiologic 
agent; and (2) noninflammatory myocardial disease (pos- 
sibly postinflammatory disease of uncertain cause), ex- 
cluding the well-defined causes discussed earlier, i.e., 
ischemic heart disease, pulmonary and systemic hyper- 
tension, and valvular and congenital heart disease. The 
noninflammatory involvements are further subdivided 
into cardiomyopathies of unknown cause and “specific 
heart muscle diseases” in which the clinical setting 
makes known the basis of the myocardial changes. Some 
authors would classify all forms of heart muscle disease 
as cardiomyopathy, identifying myocarditis as an infec- 
tious form of cardiomyopathy and the specific heart 


muscle diseases as secondary cardiomyopathies. These 
taxonomic issues are not of great importance, but it is 
useful to segregate myocarditis from cardiomyopathy 
from the specific heart muscle diseases for clinical 
reasons. The last-mentioned category usually presents 
with some well-defined systemic disease, as pointed out 
later (p. 601). Myocarditis, on the other hand, is often 
a primary heart disease. It is usually of sudden onset 
and often produces acute cardiac failure. It is generally 
characterized by a prominent inflammatory reaction, 
with necrosis of isolated cells or small groups of myo- 
cardial fibers, and it tends to pursue a course of varying 
length. In many instances, the prognosis is good. If the 
patient survives, it resolves, sometimes leaving little or 
no residual myocardial scarring. In contrast, in the 
idiopathic cardiomyopathies, the myocardial alterations 
are associated with little inflammatory reaction. Most 
run a protracted course, and many never remit. For 
long periods of time, they usually evoke no symptoms 
until, for mysterious reasons and apparently without 
provocation, cardiac failure insidiously sets in. Such a 
clear separation into myocarditis or cardiomyopathy ‘is 
not always possible, and many cases must be classified 
arbitrarily. However, endomyocardial biopsies obtained 
at cardiac catheterization promise to broaden our un- 
derstanding of the nature and course of the conditions.’ 


MYOCARDITIS 


Myocarditis is an important form of heart disease 
because it may occur at any age, even in infancy, and 
occasionally with unexpected suddenness may induce 
cardiac failure or cause sudden death by arrhythmia. It 
is difficult to be certain of the precise clinical incidence 
of this condition because often the diagnosis is based on 
indirect evidence, e.g., fever and sudden appearance of 
ECG changes indicative of a diffuse myocardial lesion 
in the absence of other definable causes. It has been 
said to be present in from 1 to 4% of routine autopsies. 
In many of these cases, however, it was an incidental 
and chance finding, imparting in all likelihood an over- 
estimate of the frequency of the clinically significant 
disease. P! 8 

The causes of myocarditis are legion and include 
virtually every known microbiologic agent, various forms 
of immunologically mediated damage, hypersensitivity 
reactions, and reactions to physical agents. The more 
important etiologies are present in Table 13-5, and a 
few comments are in order about some of these. 

Over one-half of all cases of well-documented myo- 
carditis are of viral origin. Infants, immunosuppressed 
individuals, and pregnant women are particularly vul- 
nerable. The most frequently implicated agents are 
Coxsackie A and B, ECHO, polio, and influenza viruses. 
In most instances the cardiac involvement follows some 
days to a few weeks after a primary viral infection 
elsewhere, as in the lungs, upper respiratory tract, or 
neuromuscular system (in poliomyelitis). Occasionally, 
the myocarditis is the sole or, at least, major focus of 
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infection and so is referred to as primary myocarditis. 
The documentation of a viral etiology is almost always 
difficult. Direct isolation of the virus from the heart is 
not generally possible except from endomyocardial biop- 
sies or necropsy specimens, and then is only likely to 
be productive when done during the early days of the 
illness. Isolation of virus from noncardiac sources does 
not necessarily imply that the same agent is implicated 
in causing the cardiac changes. Visualization of viral 
particles in myofibers by electron microscopy or im- 
munofluorescent techniques, although suggestive, is not 
proof of causality. Most often, recourse is made to 
serologic demonstration of a rising antibody titer in the 
serum. However, such evidence is indirect, and again 
does not prove a viral etiology for the myocarditis. 

There is still uncertainty about the mechanisms 
involved in the production of cardiac damage by viral 
agents. Two possibilities exist.* There may be direct 
viral cytotoxicity. Alternatively, the specific agent may 
evoke a cell-mediated immune reaction, which then 
damages the cardiac myofibers harboring virus or viral- 
dictated antigens. The weight of evidence favors the 
latter mechanism. Infiltration of the myocardium by 
lymphocytes and macrophages is characteristic of most 
viral involvements of the myocardium. There is often a 
delay of days to a few weeks between the onset of an 
extracardiac viral infection and the appearance .of the 
myocarditis. Immunoglobulins can often be demon- 
strated by immunofluorescent methods along the sar- 
colemmal sheaths of myofibers. In addition, activated T 
cells and a defect in suppressor T-cell activity have been 
reported. !© 

Among the bacteria, myocardial involvement is 
most commonly encountered with diphtheritic, menin- 
gococcal, and leptospiral infections. You recall from an 
earlier discussion (p. 317) that the exotoxin of the 
diphtheria bacillus causes cardiac damage by inhibiting 
protein synthesis, since it specifically interferes with a 
translocating enzyme involved in the delivery of amino 
acids to elongating polypeptide chains. The toxin also 
interferes with the metabolism of carnitine and so 
inhibits the oxidation of long chain fatty acids, causing 
triglycerides to accumulate in myofibers with the de- 
velopment of fatty change. Myocarditis is sometimes 
seen in individuals having fulminating meningococ- 
cemia, such as is characteristic of the Waterhouse- 
Friderichsen syndrome. Leptospiral Weil's disease is 
often marked by inflammatory myocardial changes re- 
lated to the systemic dissemination of the organisms. 
Similarly, the myocardium may be affected in any 
bacterial infection when the causative agent is blood 
borne, as, for example, with salmonellosis or any form 
of bacterial endocarditis. 

Myocarditis may be encountered with any of the 
systemic mycoses and is increasingly seen as an oppor- 
tunistic disease with aspergillosis and candidiasis, par- 
ticularly in immunosuppressed patients. Toxoplasmosis 
in the newborn is typically characterized by myocardial 
involvement. A particularly important form of infection 
is that caused by Trypanosoma cruzi producing Chagas’ 
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disease. Although uncommon in the northern hemi- 
sphere, Chagas’ disease affects up to one-half of the 
population in endemic areas of South America, and 
myocardial involvement is found in approximately 80% 
of infected individuals. Approximately 10% of patients 
may die during an acute attack, or they may enter a 
chronic phase and develop progressive signs of cardiac 
insufficiency 10 to 20 years later. The importance of this 
cause of myocarditis is evident from the fact that it 
causes about 25% of all deaths in persons between the 
ages of 25 and 44 in endemic areas.!° Trichinosis is the 
most common helminthic disease associated with local- 
ization of the causative agent in the heart muscle, as 
pointed out on page 379. 

[t is evident from Table 13-5 that there are non- 
infectious causes of myocarditis. Some are associated 
with systemic diseases of immune origin such as rheu- 
matic fever and systemic lupus erythematosus. In other 
instances, hypersensitivity to a particular agent appears 
to be involved, as is the case with myocarditis related 
to allergic reactions to penicillin, sulfonamides, and 
other drugs. Heat stroke or chest radiography for lung 
or breast cancers may produce myocardial cell necrosis, 
and the products of the necrotic cells may then evoke 
inflammatory myocardial changes. 

Several forms of myocarditis are of idiopathic origin. 
Cardiac lesions were found at autopsy in about 20% of 
patients with sarcoidosis.” Although in many of these 
instances the involvement was of little clinical signifi- 
cance, sarcoidosis may cause sufficient myocardial dam- 
age to produce cardiac decompensation and arrhyth- 
mias, sometimes leading to sudden death. Another 
idiopathic disorder is so-called giant cell myocarditis. 
Morphologically and clinically it closely resembles yet 
another form of myocarditis—Fiedler’s. Both merit at- 
tention because they are often fatal.® The distinctive 
pathologic features of these entities are described later. 
Against this background we can turn to the anatomic 
changes seen in the various forms of myocarditis. 


THE HEART 


MORPHOLOGY. During the active phase of myocarditis 
the hearts are usually enlarged with dilatation of all cham- 
bers, but sometimes only the left or right ventricle. The 
lesions may be diffuse or patchy. The ventricular myocar- 
dium is typically flabby, and often mottled by either pale foci 
or minute hemorrhagic lesions. The endocardium and valves 
are unaffected except that mural thrombi may be present in 
any chamber. At some later date when the acute phase has 
passed, the heart may appear entirely normal or there may 
be residual hypertrophy. In other instances, small foci of 
fibrosis may be evident throughout the myocardium. Occa- 
sionally the involvement is most severe in the inner third of 
the myocardium, to induce diffuse subendocardial fibrosis 
with some flattening and atrophy of the columnae carneae, 
mimicking fibroelastosis (p. 599) or endomyocardial fibrosis 
(p. 599). Such hearts are often hypertrophied. 

The histologic changes are even more varied and, as 
would be expected, vary with the specific causative agent. 
Only some generalizations can be offered. During active 
disease, isolated myofiber lysis (myocytolysis) or patchy foci 
of necrosis are present and are accompanied by an inflam- 
matory cell infiltrate. With viral myocarditis there is a 


Table 13-5. MAJOR CAUSES OF MYOCARDITIS 


Viruses 

Coxsackie A and B 

ECHO virus 

Influenza 

Poliomyeiitis 

Viral hepatitis 

Epstein-Barr virus (infectious mononucleosis) 
Cytomegalovirus 


Chlamydia 
C. psittaci 


Rickettsia 
R. typhi (typhus fever) 
R. tsutsugamushi (Scrub typhus) 


Bacteria 

Diphtheria 

Salmonella 

Tuberculosis 

Streptococci (beta-hemolytic) 
Meningococcus 

Leptospira (Weil's disease) 
Borrelia (relapsing fever) 


Fungi and Protozoa 
Trypanosoma (Chagas’ disease) 
Aspergillus 

Blastomyces 

Cryptococci 

Candida 

Coccidioidomyces 


Metazoa 
Echinococcus 
Trichinella 


Hypersensitivity Reactions 
Poststreptococcal (rheumatic fever) 
Systemic lupus erythematosus 
Systemic sclerosis 

Methyldopa 

Sulfonamides 

Penicillin 

Para-aminosalicylic acid 
Streptomycin 


Physical Agents 
Radiation 
Heat stroke 


Unknown 
Sarcoidosis 
Giant cell (Fiedler’s) myocarditis 


tendency for isolated fiber necrosis. The infiltrate is 
usually mononuclear—lymphocytes, macrophages, and 
occasional plasma cells—and is accompanied by an 
interstitial edema that separates the individual myofi- 
bers (Fig.13—32). This pattern is sometimes called “lympho- 
cytic myocarditis” because in many instances it is impossible 
to be certain of its cause. Infrequently, with the poliomyelitis 
or influenzal viruses there is necrosis of a larger number of 
myofibers accompanied by a prominent neutrophilic infiltra- 
tion. The histologic pattern of reaction to bacterial invasion 
depends on the specific causative organism, but, in general, 
mirrors the changes produced by the same organism in 
extracardiac localizations. Thus, pyogens induce more of 
a patchy, focal, suppurative reaction, and sometimes 
microabscesses with less prominence of the diffuse 
interstitial component. In contrast, the salmonelloses are 


Figure 13-32. Viral myocarditis with marked interstitial edema and 
lymphocytic infiltration. 


marked by a mononuclear focal, histiocytic reaction. Analo- 
gously larger parasites produce their typical tissue reactions 
within the heart muscle. You recall that, in trichinosis, 
although the parasite often invades the heart, it rarely 
encysts within its myofibers. Usually, therefore, only focal 
infiltrates of lymphocytes and eosinophils can be identified 
in foci of myocytolysis, but only rarely are larvae or fragments 
of larvae visible.'*° The myocarditis of Chagas’ disease is 
rendered distinctive by parasitization of scattered myofi- 
bers by trypanosomes accompanied by an inflammatory 
infiltrate of neutrophils, lymphocytes, macrophages, and 
occasional eosinophils (Fig. 13-33). The protozoa may 
produce so-called pseudocysts in the more protracted infec- 
tions, surrounded by a mononuclear and eosinophilic infiltra- 
tion. Eventually, fibrosis ensues. 

Hypersensitivity reactions that involve the myocar- 
dium induce interstitial infiltrates that are principally perivas- 
cular, composed of lymphocytes, plasma cells, macro- 
phages, and eosinophils. Occasionally, acute vasculitis can 
be seen similar to the small vessel lesions in hypersensitivity 
reactions within noncardiac tissues. 

The study of myocarditis by immunofluorescent and 
immunoperoxidase techniques is still in its infancy but a few 
observations are possible. Immunoglobulins, particularly IgG 
and C,, are present in many cases of infectious origin and 
almost invariably in those related to hypersensitivity reac- 
tions. The immunoglobulins and C, are deposited principally 
along sarcolemmal membranes and in the walls of small 
vessels, but surprisingly are not confined to foci of obvious 
injury. Their presence in viral myocarditis argues strongly for 
immunologic mediation of the myofiber damage, as pointed 
out earlier. 

There remain two morphologically distinctive forms of 
myocarditis—Fiedler’s and idiopathic giant cell myocar- 
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Figure 13-33. Chagasic myocarditis. A myocardial fiber (center) is 
filled with parasites. Surrounding fibers have been destroyed and 
replaced by a leukocytic infiltrate. 


ditis. Both are characterized by focal necroses associated 
with a granulomatous reaction containing multinucleate giant 
cells interspersed with lymphocytes, eosinophils, plasma 
cells, and macrophages (Fig. 13-34).'° There is a strong 
likelihood that both entities are, in fact, a single disease of 
unknown origin. A viral etiology is suspected, but the gran- 
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Figure 13—34. Giant cell myocarditis. The focus of myofiber necrosis 
is populated by macrophages, lymphocytes, occasional plasma 
cells, and a prominent multinucleate giant cell. (From Rabson, A., 
et al.: Hum. Pathol., in press.) 
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ulomatous nature of the reaction and the frequent presence 
of eosinophils suggest immune mediation. '** 

Whatever the pattern of histologic changes during the 
acute phase of the disease, all inflammatory lesions either 
resolve, leaving no residuals, or undergo progressive fibro- 
sis, aS mentioned earlier. Often the persistent connective 
tissue is sufficiently scattered and subtle to be virtually 
inapparent at a later date. With more severe damage, focal 
minute scars may remain; in extremely florid cases, they 
may become confluent and thus be grossly visible, particu- 
larly when subendocardial. 


THE HEART 


All forms of myocarditis evoke remarkably similar 
clinical manifestations that vary more in severity than 
in type. At one end of the clinical spectrum the disease 
is entirely asymptomatic and only suspected when ECG 
changes, particularly abnormalities of the ST segment 
and T wave, point to a diffuse myocardial lesion. At the 
other end of the spectrum the myocarditis announces 
itself by the sudden onset of congestive heart failure. 
In such cases, systolic murmurs related to dilatation of 
the atrioventricular valve rings may appear, and some- 
times arrhythmias. Between these extremes are the 
many involvements associated with such symptoms as 
fatigue, dyspnea, palpitations, and precordial discom- 
fort, sometimes accompanied by mild fever when the 
myocarditis is of infectious origin. Many patients recover 
completely without sequelae. The rare severe attack 
may pursue a rapidly downhill course to death in cardiac 
failure. Such fulminant progression is particularly char- 
acteristic of the giant cell myocarditides. Occasionally, 
a more protracted chronic course is followed and years 
later, when the attack of myocarditis is forgotten, the 
patient is diagnosed as having congestive cardiomyopa- 
thy of unknown cause. Endomyocardial biopsy is prov- 
ing of great value in establishing the diagnosis and 
severity of the various forms of myocarditis. 


CARDIOMYOPATHY (CMP) 


The definition and classification of CMP is riddled 
with controversy. Some cardiologists would include any 
form of heart failure caused by myocardial insufficiency, 
including ischemic heart disease, nutritional deficiency 
such as beriberi, and myocarditis.'*' Others hew to the 
more generally accepted view that specifically excluded 
are ischemic heart disease, pulmonary and systemic 
hypertension, valvular and congenital heart disease, and 
all forms of “specific heart muscle disease” mentioned 
later (p. 601); hence, the objection to the term “ischemic 
cardiomyopathy.” When a task force of “cardiomyopath- 
ists’ was convened, agreement was reached on the 
' following definition: “cardiomyopathies are heart muscle 
diseases of unknown cause.”'” Thus, myocardial dys- 
function of known inflammatory origin (myocarditis) is 
excluded as is that associated with disorders of other 
systems, now referred to as “specific heart muscle 
disease’ although such involvements have in the past 
been called “secondary CMP.” The classification of 
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Figure 13-35. Various types of cardiomyopathies compared with 
normal heart. In dilated type, largest circumference of left ventricle 
is not at its base but midway between apex and base. In hypertrophic 
type, left ventricular cavity is small, and in restrictive-obliterative 
variety, as in amyloidosis, left ventricular cavity is of normal size. 
(Modified from Roberts, W. C., and Ferrans, V. J.: Pathologic 
anatomy of the cardiomyopathies. Hum. Pathol. 6: 289, 1975.) 


CMP (Fig. 13-35) as just defined has been greatly 
simplified, as follows:'® 

1. Dilated (congestive) CMP. 

2. Hypertrophic CMP. 

3. Restrictive/obliterative CMP. 


Dilated (Congestive) CMP 


Dilated or congestive CMP is characterized by 
dilatation of the left or right ventricles, or both. Al- 
though secondary hypertrophy usually supervenes, ven- 
tricular contraction is impaired, leading to low ejection 
fractions, high end-systolic volumes, and, often, conges- 
tive heart failure. The pathogenesis of the dilatation and 
poor ventricular function is unknown. Very likely, this 
entity has many origins and so represents a common 
outcome of a variety of forms of myocardial injury 
excluding that associated with coronary heart disease, 
systemic or pulmonary hypertension, or valvular or 
congenital heart disease. In most analyses of this con- 
dition, no significant genetic influence has been ob- 
served, although a small number of familial cases have 
been reported. Genetic modes of transmission have 
been proposed for such cases, but it is not possible to 
rule out coincidence or obscure environmental influ- 
ences to which the entire family may have been exposed. 

Occasionally, cardiac failure has appeared without 
an identifiable etiology in the last month of pregnancy 
or in the first five postpartum months in the absence of 
demonstrable previous heart disease. To this condition 
the designation “peripartum CMP” has been applied as 


a subset of dilated/congestive CMP.'* Commonly, mul- 
tiparity and malnutrition are associated, and it seems 
likely that the peripartal period merely stresses some 
underlying myocardial derangement, possibly even an 
unrecognized myocarditis.‘ 

The role of chronic alcoholism in the causation of 
dilated CMP is controversial.'®: !°° Although alcohol can 
clearly injure other organs and tissues, the point at issue 
is whether it is also a cardiotoxic agent by itself; if so, 
it should rightfully be considered a form of “specific 
heart muscle disease.” In view of uncertainty about the 
etiologic importance of this agent with respect to the 
heart, it is considered here. On the one hand, there is 
evidence that in humans ethanol infusion induces car- 
diac myofiber ultrastructural alterations, including fatty 
change.’ Moreover, the constellation of changes is 
alleged to be specific. On the other hand, there is no 
significantly increased incidence of congestive CMP in 
individuals with a history of heavy alcoholic intake, nor 
any correlation between survival and level of alcohol 
consumption, and withdrawal of alcohol has not always 
effected hemodynamic improvement. Moreover, most 
experts do not believe the morphologic changes to be 
specific for alcohol. However, such negative evidence 
cannot be considered as definitive, and on balance 
alcohol is generally considered to be detrimental to the 
heart and a possible cause of dilated CMP.'® 

Some instances of dilated CMP may have their 
origins in past, possibly subclinical, episodes of myocar- 
ditis, particularly those of viral origin, or conceivably in 
previous hypertension that is no longer present at the 
time of onset of the congestive failure. Dilated CMP is, 
then, in a sense, a wastebasket into which are placed 
all patients having CHF that cannot be related to well- 
defined origins at the time the dilated heart is first 
recognized. 


The hearts are always increased in weight (up to 900 
gm), but dilatation of the ventricles may neutralize preexis- 
tent thickening of the ventricular walls (Fig. 13-36). The 
poor cardiac contraction and stasis of blood in the cardiac 
chambers often leads to mural thrombi in the left ventricle, 
right ventricle, right atrial appendage, and left atrial appen- 
dage, in order of frequency.'® The cardiac valves are usually 
normal, and most often the coronary arteries are normal or 
have minimal-to-moderate atherosclerosis compatible with 
the patient’s age. 

Histologic examination of hearts at necropsy and of 
endomyocardial biopsies discloses only vague and nonspe- 
cific changes. Indeed, there may be no significant alterations 
in aS many as one-quarter of the cases.'” Hypertrophy of 
occasional myocardial cells, atrophy of others, and occa- 
sionally some increase in interstitial fibrous tissue reminis- 
cent of a past episode of viral myocarditis are the most 
common changes.'”' Sometimes there is mild-to-moderate 
endocardial thickening, principally in the ventricles. Small 
interstitial foci of mononuclear inflammatory cells are some- 
times observed. Neither the electron microscope nor histo- 
chemistry has contributed to the specificity of the changes, 
revealing only regressive alterations.'© 


As is already obvious, dilated CMP is characterized 
clinically by progressive cardiac failure. Atrial fibrillation 
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and systemic or pulmonary embolism may punctuate 
the course. Whatever its basis, it is a serious disorder, 
which to date has only been palliated with the usual 
forms of cardiac therapy. In a few instances, desperation 
has led to cardiac transplantation. 


Hypertrophic CMP 


This form of CMP is also known by such terms as 


.asymmetric septal hypertrophy (ASH), idiopathic hy- 


pertrophic subaortic stenosis (IHSS), and hypertrophic 
obstructive cardiomyopathy. However, the name hy- 
pertrophic CMP seems preferable because the cardiac 
changes are not always obstructive and the hypertrophy 
is not always subaortic or asymmetric. It is, however, 
characterized by a heavy muscular hypercontracting 
heart in striking contrast to the flabby, hypocontracting 
heart of dilated CMP. The etiology and pathogenesis of 
this condition are unknown, and_ so_ hypotheses 
abound.!” There is reasonably good evidence that, at 
least in some instances, it may constitute a heritable 
disorder. Studies using echocardiography for case iden- 
tification reveal patterns of transmission compatible with 
autosomal dominant inheritance.’ Further evidence of 
a genetic background is the increased prevalence of 
HLA-B12 in whites and -B5 in blacks, both loci being 
located on chromosome 6.‘ Whether there is also a 
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Figure 13—36. Congestive dilated cardiomyopathy with expansion 
of all chambers, particularly the ventricles. Slight thickening of 
chordae tendineae of mitral valve (seen on right) was of no functional 
significance clinically and may represent minimal healed rheumatic 
heart disease or hemodynamic alterations. 
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sporadic nongenetic form of the disease remains uncer- 
tain. 


THE HEART 


The morphologic features of hypertrophic CMP have 
been well summarized by Roberts.'®® Most distinctive are: 
(1) disproportional hypertrophy of the ventricular septum 
(95%); (2) disarray of myofibers in the ventricular septum 
(100%), but sometimes also in the left ventricular free wall; 
(3) reduction in the volume of the ventricular cavities (90%); 
(4) endocardial thickening or mural plaque formation in the 
left ventricular free outflow tract (75%); (5) mitral valve 
thickening (75%); (6) dilated atria (100%); and (7) abnormal 
intramural coronary arteries (50%). 

Disproportional hypertrophy of the septum and dim- 
inution in the size of the left ventricular cavity are the 
two most important features of this condition. In adults 
the maximal thickness of the interventricular septum aver- 
ages 3.0 cm, while the left ventricular free wall averages 
about 1.8 cm. The thickest portion of the septum in 
patients with apparent obstructive symptoms is toward 
the base of the heart behind the mitral leaflet, whereas 
in those without obstructive symptoms it is located more 
apically, and therefore does not contribute to mitral 
valve dysfunction, as explained below. Microscopically, 
in addition to the changes seen in myofibers in all forms of 
hypertrophy (p. 568), there is disarray of myofibers so that 
they are oriented in a haphazard pattern rather than in the 
usual parallel array, both in the ventricular septum and in 
the free wall (Fig. 13-37). Some reports contend that the 
disarray is more prominent in the septum than in the free 
wall, particularly in patients with obstructive manifestations, 
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but recent analyses find no significant difference.’ There is 
also disarray of myofibrils and myofilaments within individual 
cells. However, it is important to note that similar changes 
may occur with “ordinary” hypertrophy, but usually are less 
marked.'’”© Another striking histologic change is a marked 
accumulation of glycogen within myofibers. Some fibrous 
thickening of the anterior mitral leaflet, particularly at its 
contact surface with the chamber wall, may be present, 
probably related to chronic impingement on the thickened 
ventricular septum and free wall. The remaining valves are 
normal and the coronary arteries unremarkable. Although 
none of these features alone is diagnostic of hypertrophic 
CMP, collectively they add up to considerable specificity. 


Clinically, hypertrophic CMP, when symptomatic, 
presents manifestations of inadequate left ventricular 
outflow such as dizziness and syncope, or sometimes 
angina. In some patients the disease first becomes 
apparent with the onset of left ventricular failure. A 
prominent systolic murmur is present, which is due 
both to outflow obstruction to the left ventricle and to 
mitral regurgitation. However, it is important to note 
that many patients with hypertrophic CMP documented 
by echocardiography and angiography do not have 
obstructive symptoms; moreover, obstructive symptoms 
can often be alleviated by drugs that decrease myocar- 
dial contractility, or sometimes the apparent obstruction 
spontaneously disappears as the heart fails. Although 
at one time the obstruction was attributed to narrowing 


Figure 13-37. Electron micrograph (A) (courtesy of William C. Roberts, M.D., National Heart and 


Lung Institute, Bethesda, MD) and light microscopic section (B) of asymmetric septal hypertrophy 
revealing disarray and abnormal orientation of myofibers. 


of the aortic outflow tract by septal hypertrophy, it is 
now clear that it has more complex origins. During 
systole there is some delay in closure of the mitral valve, 
arid the anterior leaflet approaches the septum in a 
“pinch-cock” fashion, causing obstruction to outflow and 
at the same time mitral regurgitation. Thus, septal 
hypertrophy located behind the mitral leaflet is more 
likely to contribute to obstructive disease than that 
situated closer to the apex. Another major contributor 
to reduced cardiac output is the reduced volume of the 
left ventricle and its noncompliance. Paradoxically, then, 
dilatation of the heart with impairment of systolic con- 
tractile function improves the situation and apparently 
accounts for the spontaneous improvements seen with 
this condition. 

The course of hypertrophic CMP is extremely 
variable. Many patients remain the same over years of 
observation. A significant fraction improve, and only a 
minority become worse. Major problems are atrial 
fibrillation with mural thrombus formation, embolization 
from the mural thrombi, infective endocarditis on the 
mitral valve, intractable cardiac failure, and sudden 
death. With the recognition that obstructive symptoms 
are not due solely to thickening of the ventricular 
septum, thinning of the septum by surgery is done 
increasingly less often. Most patients can be significantly 
helped by medical therapy alone. 


Restrictive/infiltrative CMP 


Restrictive/infiltrative CMP is both rare and di- 
verse, having as a common denominator restriction of 
ventricular filling. A number of disparate entities induce 
this form of CMP, including cardiac amyloidosis, sar- 
coidosis (discussed elsewhere, p. 390), endocardial fi- 
broelastosis, endomyocardial fibrosis, and Loeffler’s en- 
docarditis. Cardiac amyloidosis (p. 203), you recall, may 
appear along with systemic amyloidosis, or may affect 
only the heart, particularly in the aged (so-called senile 
isolated cardiac amyloidosis). Indeed, senile cardiac 
amyloidosis has been identified in over 50% of individ- 
uals over the age of 70.!” Although often an incidental 
finding, it may induce arrhythmias or restrictive CMP. 
Only brief comments about the last three entities follow. 

Endomyocardial fibrosis and Loeffler’s endocarditis 
(also called fibroplastic parietal endocarditis with blood 
eosinophilia) are rare entities that have sufficient mor- 
phologic features in common to raise the possibility that 
they are a single disorder at different stages of devel- 
opment.'* Endomyocardial fibrosis is principally a dis- 
ease of children and young adults in Africa, character- 
ized by fibrosis of the ventricular endocardium that 
extends from the apex toward the inflow tract of the 
right or left ventricle, or both. Although largely sub- 
endocardial, the scarring may extend into the inner 
third of the myocardium. Varying degrees of inflam- 
matory infiltrate, sometimes including eosinophils, may 
be found at the junction between the scarring and 
preserved myocardium. The fibrosis may also involve 
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the tricuspid and mitral valves. Occasionally the fibrous 
tissue undergoes calcification, leading to fibrocalcific 
distortion of the tricuspid and mitral valves. Contraction 
of the fibrous tissue markedly diminishes the volume of 
affected chambers and so induces a restrictive CMP.'” 
Ventricular mural thrombi sometimes develop and, in- 
deed, there is a suggestion that the fibrous tissue results 
from the organization of mural thrombi. The etiology of 
this condition is unknown and, in addition to the usual 
speculations about viral infection, malnutrition, and 
autoimmune disease, heavy consumption of bananas and 
plantain has been implicated. These fruits are rich in 
serotonin, thought to induce the fibrotic changes similar 
to those of carcinoid heart disease (p. 579). 

Loeffler's endocarditis is also marked by endomy- 
ocardial fibrosis similar to that seen in the African 
disease. The original cases of this condition were con- 
fined to the temperate zones, but subsequently Loef- 
fler's endocarditis has been reported in Africa and 
endomyocardial fibrosis in Scandinavia and Europe. 
Large mural thrombi are typically present in Loeffler’s 
endocarditis. In addition to the cardiac changes there is 
frequently (1) an eosinophilic leukocytosis, (2) infiltration 
of various organs (especially the heart) by eosinophils, 
and (3) a rapidly fatal downhill course.'®° Sometimes, 
frank eosinophilic leukemia is present. In other cases 
there is no peripheral eosinophilia, and some form of 
cardiac hypersensitivity reaction to drugs, for example, 
is postulated.!@ The histologic evolution of Loeffler’s 
endocarditis begins with foci of myocardial necrosis 
accompanied by an eosinophilic infiltrate that is most 
prominent in the inner third of the myocardium. It is 
followed by scarring of the necrotic areas and layering 
of the endocardium by thrombus. Organization of the 
thrombus produces the final stage of endomyocardial 
fibrosis. Unanswered is the question: Do the eosinophils 
in some way cause the myofiber necrosis or are they 
merely a reaction to injury of other origins? It is evident 
that there are many overlaps in the geographic distri- 
bution and morphologic changes of the African disease 
and Loeffler’s disease. 

Endocardial fibroelastosis is an uncommon heart 
disease of obscure etiology characterized by focal or 
diffuse, cartilage-like fibroelastic thickening of the mural 
endocardium. Most often only the left side of the heart 
is affected, but it occasionally involves both sides or 
(least commonly) only the right side. When we speak of 
EFE as an entity, there is the strong possibility that 
the cardiac changes are the final common outcome of a 
variety of forms of cardiac damage. This condition occurs 
in all age groups but is far more common in the first 
two years of life. From the pathogenetic standpoint, 
cases have been reported in identical twins, triplets, 
and siblings. The pattern of transmission is still uncer- 
tain, and both autosomal dominant inheritance with 
incomplete penetrance and autosomal recessive inheri- 
tance have been proposed as the genetic basis for the 
cardiac changes.'*! Not infrequently, congenital malfor- 
mations are also present in the heart or elsewhere in 
the body, supporting the notion of some genetic distur- 
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bance. However, the overwhelming majority of cases 
occur in individual siblings, and so the concept that 
EFE is a hereditary malformation can at most apply to 
only a very few cases. 

The former practice of dividing EFE into primary 
and secondary forms is now discarded because such 
terms have unwarranted etiologic implications. Primary 
EFE was equated with congenital disease unassociated 
with other cardiac malformations. Secondary EFE im- 
plied multiple congenital defects or some acquired 
cardiac disorder, and so might appear later in life. 
Although such categorization has been discontinued in 
about one-third of 835 cases analyzed, there were con- 
comitant congenital malformations and lesions in the 
heart as shown in Table 13-6.'" Not specified in this 
compilation are how many of the aortic or mitral stenoses 
were components of the hypoplastic left heart syndrome 
commonly associated with EFE. 


Fibroelastosis of the endocardium appears as a diffuse 
or patchy opaque thickening of the mural endocardium 
predominantly of the left ventricle. However, the left auricle, 
right ventricle, and right auricle, in order of frequency, may 
also be involved (Fig. 13-38). The thickening appears as a 
pearly-white, diffuse lining, sometimes having a depth ten 
times normal. It is usually covered by an intact endocardium. 
Mural thrombi overlying the fibrotic endocardium are present 
in a small percentage of cases. The trabeculae carneae are 
often flattened. Aortic stenosis, mitral stenosis, or both are 
present in some cases. The valves on the right are rarely 


Table 13-6. ENDOCARDIAL FIBROELASTOSIS 


Number of 
Associated Cardiac Lesions Cases 

Foramen ovale: Patent 167 
Closed 200 

Ductus arteriosus: Patent lio 
Closed 190 

Anomalous left coronary artery 27 
Aortic stenosis 151 
Aortic insufficiency 6 
Mitral stenosis 120 
Mitral insufficiency 16 
Coarctation of aorta 51 
Interventricular defect 17 
Myocarditis 142 
Myocardial scars 229 
Myocardial calcification 15 


*Modified from Schryer, M. J. P., and Kamauchow, P. N.: Endocar- 


dial fibroelastosis. Etiologic and pathogenetic considerations in 
children. Am. Heart J. 88:557, 1974. 


affected. The aortic valve involvement is usually most severe 
and takes the form of diffuse thickening, rigidity, and nodu- 
larity of the cusps. Cardiac enlargement is usually present, 
due mainly to left ventricular hypertrophy, dilatation, or both. 

On histologic examination, the endocardial thickening 
can be resolved as a marked increase of collagenous and 
elastic fibers on the endocardial surface. This fibroelastic 
layer extends sometimes into the immediate subjacent myo- 
cardium. In a few cases there are focal necroses in the 
myocardium immediately subjacent to the fibrotic endocar- 


Figure 13-38. Marked fibroelastic thickening of entire left ventricular lining with involvement of aortic 
valve in a 6-year-old who died of heart failure. 


dium, but it is not certain whether these necroses antedate 
the development of the endocardial thickening or, more 
likely, are a consequence of impaired vascular supply to the 
contiguous muscle fibers. 


The numerous theories of causation of EFE can be 
categorized as follows: (1) hypoxia (e.g., anomalous 
origin of coronary arteries from the pulmonary arteries); 
(2) hemodynamic pressure overload with excessive en- 
docardial tension (e.g., septal defects, coarctation of the 
aorta); (3) myocardial metabolic or enzymatic defect; (4) 
autoimmune connective tissue disease; (5) congenital 
malformation; (6) lymphatic obstruction; and (7) fetal 
endomyocarditis, most likely viral. All are so speculative 
as not to merit further comment, but at present the 
concept of intrauterine viral infection would seem most 
attractive. Histologic evidence of myocarditis and/or 
myocardial scars is present in about one-third of the 
cases, and in the remainder. the infection may have'left 
only the fibroelastosis as a residual. 

The significance of this lesion depends on the extent 
of involvement. When focal, it may have no functional 
importance and. permit normal longevity. When diffuse, 
it may be responsible for cardiac decompensation and 
death. In infants, the cardiac failure may be rapid, 
progressive, and even fulminating. In older children 
and adults, however, there usually are signs and symp- 
toms of cardiac decompensation for months to years, 
and death is occasioned by emboli arising in the mural 
thrombi or by chronic cardiac failure and its superim- 
posed complications. 


SPECIFIC HEART MUSCLE DISEASE 


This somewhat unsatisfactory designation refers to 
a constellation of myocardial involvements of presumed 
known etiology or associated with well-defined systemic 
diseases formerly called “secondary cardiomyopathies.” 
The major etiologies and clinical associations are cited 
in Table 13-7. The myocardial lesions related to sys- 
temic and pulmonary hypertension, coronary artery 
disease, valvular heart disease, and congenital defects 
are excluded. For our purposes, the various forms of 
inflammatory myocarditis are also omitted since they 
were discussed earlier (p. 593). The morphologic 
changes found in most of the entities mentioned in 
Table 13-7 have been presented along with the parent 
condition. Only some comments on the toxic patterns 
not covered elsewhere are necessary. 

Alcohol, as a cause of specific heart muscle disease, 
is somewhat controversial, as noted earlier (p. 597), but 
the weight of evidence favors its being a cardiotoxic 
agent.’ Some of the uncertainty derives from the 
difficulty in segregating the possible cardiotoxicity of 
alcohol per se from the deleterious influences that 
commonly accompany chronic alcoholism. For example, 
in industrialized nations, beriberi, heart disease (p. 413) 
related to thiamine deficiency is sometimes encountered 
among chronic alcoholics subsisting on grossly inade- 
quate diets. Cobalt cardiotoxicity came to attention 
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Table 13-7. MAJOR ASSOCIATIONS OF SPECIFIC HEART 
MUSCLE DISEASE 


Toxic 

Alcohol 

Cobalt 
Catecholamines 
Carbon monoxide 
Lithium 
Hydrocarbons 
Arsenic 
Cyclophosphamide 
Doxorubicin (Adriamycin) 
Daunorubicin 


Metabolic Disease 

Hyperthyroidism 

Hypothyroidism 

Hypokalemia 

Hyperkalemia 

Nutritional deficiency—thiamine, protein, other 
avitaminoses 

Hemochromatosis 


Neuromuscular Disease 
Friedreich’s ataxia 
Muscular dystrophy 
Congenital atrophies 


Storage Disorders 
Hunter-Hurler syndrome 
Glycogen storage disease 
Fabry’s disease 
Sandhoff’s disease 


infiltrative 
Leukemia 
Carcinomatosis 
Sarcoidosis 


among beer drinkers who suddenly developed heart 
failure. Investigation disclosed that cobalt was included 
in a secret formula used by several breweries to stabilize 
the foam on the beer. Cobalt was shown to block the 
oxidation of pyruvate to acetyl-CoA and of alpha-keto- 
glutarate to succinyl-CoA, thereby impairing myofiber 
metabolism. In severe cases of toxicity a variety of 
regressive morphologic changes were seen, including 
hydropic and lipid vacuolization, necrosis of isolated 
myofibers, and disturbances in the intracellular organ- 
elles. In time, diffuse or patchy interstitial fibrosis 
ensued. This brewing practice has been discontinued 
but industrial exposure to cobalt continues to be a 
hazard. 18 

Myocardial foci of apparent ischemic necrosis are 
frequently observed in patients having a pheochromo- 
cytoma with its elaboration of catecholamines. Similar 
changes have appeared in association with the admin- 
istration of large doses of vasopressor agents such as 
epinephrine. The mechanism of cardiotoxicity is uncer- 
tain, but appears to relate to vasomotor constriction in 
the myocardial circulation in the face of an increased 
heart rate. The fact that aspirin, which blocks the 
cyclooxygenase of the arachidonic acid synthetic path- 
way, appears to offer some protection suggests that 
prostaglandins and platelets may contribute to the myo- 
cardial ischemia and cell death. Many other drugs, 
especially anthracycline derivative, have been impli- 
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cated in causing myofiber degeneration and atrophy, 
particularly doxorubicin (Adriamycin) and daunorubicin. 
The hazard is dose dependent and attributed to lipid 
peroxidation of myofiber membranes.'*4 

Common threads running throughout the cardi- 
otoxicity of all chemicals and drugs (including diphtheria 
exotoxin) are myofiber swelling, fatty change, individual 
cell lysis (myocytolysis), and sometimes patchy foci of 
necrosis. Electron microscopy has revealed a variety of 
mitochondrial abnormalities, swelling and fragmentation 
of the endoplasmic reticulum, and lysis of myofibrils. 
With survival, these changes may completely resolve, 
leaving no apparent sequelae, but sometimes a subtle, 
interstitial fibrosis remains or, at most, small focal 
replacement scars. 


THE HEART 


PERICARDIAL DISEASE 


Pericardial lesions are almost always associated 
with, or secondary to, some external disease (in other 
portions of the heart or in the surrounding structures) 
or a systemic disorder. Rarely, pericardial involvements 
may occur as primary, isolated processes. Despite the 
large number of etiologies of pericardial disease there 
are relatively few anatomic forms of pericardial involve- 
ment. °° 


ACCUMULATIONS OF FLUID IN 
PERICARDIAL SAC 


PERICARDIAL EFFUSION. The term “pericardial ef- 
fusion’ is restricted to accumulations of noninflamma- 
tory fluids in the pericardial sac, as distinguished from 
collections of inflammatory exudate or blood (discussed 
later). Normally, there is about 30 to 50 ml of thin, 
clear, straw-colored, translucent fluid in the pericardial 
space. Under a variety of circumstances, effusions rarely 
larger than 500 ml may appear. The various types of 
effusion and their common causes are: 

Serous—congestive heart failure; hypoproteinemia 
(renal, hepatic, nutritional). 

Serosanguineous—following blunt chest trauma; 
following cardiopulmonary resuscitation. 

Chylous—lymphatic obstruction (benign or malig- 
nant mediastinal neoplasms). 

Cholesterol—myxedema; idiopathic. 

Most common is serous effusion in cardiac failure. 
The fluid is completely clear, watery, or straw-colored, 
and sterile. The serosal surfaces remain smooth and 
glistening. Since the fluid accumulates slowly it is 
usually without clinical significance save for producing 
a characteristic enlargement of the heart shadow on x- 
ray film. Rarely a large volume may embarrass diastolic 
filling of the heart, requiring withdrawal. Serosanguin- 
eous and chylous effusions—containing lipid droplets— 
rarely achieve sufficient volume to have clinical signifi- 
cance. Cholesterol effusions are exceedingly rare and 
are distinguished by the appearance of cholesterol crys- 


tals within the accumulated fluid. They are sometimes 
associated with myxedema, but more often are of un- 
known origin. It is speculated that breakdown of red 
cells in the past, with release of membrane lipids, may 
be the source of the crystals. 

HEMOPERICARDIUM. The term hemopericardium 
should be limited to the accumulation of pure blood in 
the pericardial sac, and should be differentiated from 
hemorrhagic pericarditis, a condition in which there is 
an inflammatory exudate containing blood mixed with 
pus. 

Hemopericardium is almost invariably due to trau- 
matic perforation of the heart, rupture of the heart wall 
secondary to MI, or rupture of the intrapericardial aorta. 
Quite rarely, it may follow penetration of a myocardial 
abscess or tumor. Small, usually insignificant amounts 
of blood may extravasate from the trauma sometimes 
sustained during cardiopulmonary resuscitation. Rarely, 
however, marked hemorrhage occurs, clearly emphasiz- 
ing the hazard entailed in such therapy. Hemorrhages 
in the bleeding diatheses, such as scurvy, leukemia, or 
thrombocytopenia, are rare causes of this condition. 

The blood that escapes because of rupture of the 
heart or aorta rapidly fills the sac under greatly increased 
pressure and produces cardiac tamponade (Fig. 13-39). 
As little as 200 to 300 ml may be sufficient to cause 
death. Although intracardiac injections may cause leak- 
age of blood, death is usually already imminent when 
such measures are attempted and, under these circum- 
stances, only small amounts of blood-tinged fluid appear 
in the pericardial sac. 


PERICARDITIS 


Inflammations of the pericardium are usually sec- 
ondary to disorders in or about the heart, but sometimes 
they are caused by systemic disorders or by metastases 
from neoplasms arising in remote sites. Primary peri- 
carditis is a rarity and almost always of viral origin. The 
major causes are presented in Table 13-8. 
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Figure 13-39. Hemop ardial sac in situ opened 
to expose the clotted blood that caused death after rupture of a 
myocardial infarct. 


Table 13-8. CAUSES OF PERICARDITIS 


Infectious Agents 
Viral 

Pyogenic bacteria 
Tuberculous 
Fungal 

Other parasites 


Presumably Immunologically-mediated 
Rheumatic fever 

Systemic lupus erythematosus 
Scleroderma 

Postcardiotomy 

? Postmyocardial infarction 
Drug-hypersensitivity reaction 


Miscellaneous 
Myocardial infarction 
Uremia 

Cardiotomy 
Neoplasia 

Trauma 

Radiation 


The various etiologies cited usually evoke an acute 
pericarditis, but a few, such as tuberculosis and fungi, 
produce chronic reactions. The acute and chronic reac- 
tions are morphologically nonspecific. Since many etiol- 
ogies evoke identical anatomic changes and since it is 
usually impossible from pathologic examination to de- 
termine the etiologic basis for the reaction, a morpho- 
logic classification will follow, dividing the pericarditides 
into acute and chronic forms, and further subdividing 
the acute reactions on the basis of the character of the 
exudate. Sometimes, however, there is overlap among 
the categories. These subdivisions also have clinical 
relevance; to an extent, each induces somewhat distinc- 
tive signs and symptoms. 


Acute Pericarditis 


SEROUS PERICARDITIS. Serous inflammatory exu- 
dates are characteristically produced by nonbacterial 
inflammations, such as rheumatic fever, systemic lupus 
erythematosus, systemic scleroderma, tumors, and ure- 
mia. Similar effusions are also frequently encountered 
in the early stages of any form of bacterial pericarditis. 
Occasionally, a tuberculous infection of the pericardial 
sac or infections in the tissues contiguous to the peri- 
cardium evoke an inflammatory exudation that is prin- 
cipally serous in the early stages. For example, a bac- 
terial pleuritis may cause sufficient irritation of the 
parietal pericardial serosa to cause a sterile serous 
effusion. In time, however, infection may extend across 
the anatomic barrier and the serous exudate is trans- 
formed into a frank suppurative reaction. 

Occasionally, the Coxsackie A or B virus, adenovi- 
rus, or virus of influenza, ECHOvirus type 8, and 
mumps, as well as others, is isolated from a serous 
exudate. In some instances a well-defined viral infection 
elsewhere—upper respiratory tract, pneumonia, paro- 
titis—antedates the pericarditis to serve as the primary 
focus of infection. Infrequently, a viral pericarditis, most 
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often related to Coxsackie and ECHO agents, occurs as 
an apparent primary involvement, usually in young 
adults. However, in many instances the etiology of 
apparent primary serous pericarditis remains unknown. 

Morphologically, whatever the cause, there is an 
inflammatory reaction in the epi- and pericardial sur- 
faces with scant numbers of polymorphonuclear leuko- 
cytes, lymphocytes, and histiocytes. Sometimes bacte- 
rial organisms or malignant tumor cells may be identified 
in the fluid, thus providing an indication of the etiology. 
Usually the volume of fluid is not large and varies 
between 50 and 200 ml. Because it represents a purely 
exudative phenomenon, it occurs slowly and therefore 
rarely produces sufficient increase in pressure to en- 
croach upon the cardiac function. The fluid resorbs 
when and if the underlying disease remits. Organization 
or fibrous adhesions rarely develop. 

FIBRINOUS AND SEROFIBRINOUS PERICARDITIS. 
These two anatomic forms are considered together be- 
cause they represent essentially similar processes in 
which there is a more or less serous fluid mixed with a 
fibrinous exudate. This is the most frequent type of 
pericarditis. Common causes include MI, uremia, ra- 
diation to the chest, rheumatic fever, SLE, and 
trauma.'* Bacterial, viral, and occasionally obscure 
myocardial inflammations may produce similar changes. 
Just as pneumonia or suppurative infections .in the 
pleural cavities may produce serous pericarditis, in more 
severe cases they may cause the outpouring of fibrin. 
Fibrinous exudation may also follow cardiac surgery. 

The gross morphologic alterations have already 
been described on page 65. 

As is the case with all inflammatory exudates, the 
fibrin may be digested with resolution of the exudate, 
or may become organized. Organization and fibrous 
interadherence result sometimes in complete oblit- 
eration of the pericardial sac. This fibrosis yields a 
delicate, stringy type of adhesion, called adhesive peri- 
carditis, which only rarely hampers or restricts cardiac 
action. With this type of pericarditis, the organization 
rarely extends to surrounding contiguous structures, 
such as the thoracic wall, diaphragm, or lungs, and 
therefore results only in obliteration of the space. In 
some cases, organization merely produces plaquelike 
fibrous thickenings of the serosal membranes. 

From the clinical standpoint, the development of a 
loud pericardial friction rub is the most striking char- 
acteristic of fibrinous pericarditis. A collection of serous 
fluid may obliterate the rub by separating the two layers 
of the pericardium. Pain, systemic febrile reactions, and 
signs suggestive of cardiac failure may accompany the 
pathognomonic friction rub. 

Fibrinous or serofibrinous pericarditis rarely leads 
to serious sequelae. 

PURULENT OR SUPPURATIVE PERICARDITIS. This 
form of pericardial inflammation almost invariably de- 
notes the presence of bacterial, mycotic, or parasitic 
invasion of the pericardial space by organisms. It is most 
frequent in young males (male-to-female ratio, 3:1) 
between 10 and 40 years old. These organisms infect 
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the pericardial cavity by (1) direct extension from neigh- 
boring inflammations, such as an empyema of the pleural 
cavity, lobar pneumonia, mediastinal infections, or, with 
infective endocarditis, bacterial invasion from the myo- 
cardium through the epicardium; (2) seeding from the 
blood; (3) lymphatic extension; or (4) direct introduction 
during cardiotomy. Immunosuppressive therapy poten- 
tiates all these pathways. | 

Quite rarely, a serosuppurative exudate may be 
produced by sterile inflammations, such as result from 
a MI or uremia. Rarely, severe viral infections of the 
heart, such as influenza or poliomyelitis, may cause 
suppurative pericarditis. 

Morphologically, the exudate ranges from a thin to 
a creamy pus ranging up to 400 to 500 ml in volume. 
The serosal surfaces are reddened, granular, and coated 
with the exudate. Microscopically, there is a banal, 
acute, inflammatory reaction. Sometimes the inflam- 
matory process extends into surrounding structures to 
induce a so-called mediastinopericarditis. 

The clinical findings are essentially the same as 
those present in fibrinous pericarditis, but although a 
friction rub may be present, it is not usually so promi- 
nent as in the fibrinous variety. On the other hand, the 
signs of systemic infection are more marked: for exam- 
ple, spiking temperatures, chills, and fever. 

Organization is the usual outcome of this inflam- 
matory process, with resolution being infrequent. Be- 
cause of the greater intensity of the inflammatory 
response, the organization produces constrictive peri- 
carditis. Thus, suppurative pericarditis may lead to 
disabling consequences. 

HEMORRHAGIC PERICARDITIS. Hemorrhagic pericar- 
ditis denotes an exudate composed of blood mixed with 
a fibrinous or suppurative effusion. It is most commonly 
caused by tuberculosis or by malignant neoplastic in- 
volvement of the pericardial space, most often related 
to spread of lung and breast carcinomas, melanocarci- 
nomas, lymphomas, and leukemias. It may also be found 
in bacterial infections or in cases of pericarditis occurring 
in patients with some underlying bleeding diathesis. 
Hemorrhagic pericarditis must be differentiated from 
hemopericardium in which the fluid is purely blood of 
noninflammatory origin. 

If the underlying cause is a tumor, neoplastic cells 
may be present in the effusion or in the pericardial or 
epicardial tissues. The clinical significance is that of a 
suppurative pericarditis, and resolution or organization 
with or without calcification is the eventual outcome. 


Caseous Pericarditis 


Caseation within the pericardial sac is, until proved 
otherwise, tuberculous in origin. Infrequently, mycotic 
infections evoke a similar pattern. The tubercle bacilli 
usually involve the pericardium by direct spread from 
tuberculous foci within the tracheobronchial nodes. 
Often such direct continuity cannot be identified at 
postmortem and the possibility of lymphatic or of he- 
matogenous dissemination from a noncontiguous focus 


cannot be excluded. The anatomic changes are typical 
of tuberculous infections elsewhere and need no further 
description. Caseous pericarditis is the most frequent 
antecedent of disabling fibrocalcific, chronic constrictive 
pericarditis. 


Chronic or Healed Pericarditis 


The term chronic pericarditis is a misnomer, since 
it refers in reality to a healed stage of one of the forms 
of pericardial inflammation already described. One pat- 
tern comprises the formation of pearly, thickened, non- 
adherent, epicardial plaques (“Soldier's plaque’). Alter- 
natively, thin, delicate adhesions may develop, which 
are termed diffuse or focal obliterative pericarditis ac- 
cording to their pattern. These rarely cause impairment 
of cardiac function, but occur fairly frequently at autopsy 
and are often of obscure origin. 

Two forms of healed pericarditis are of clinical 
importance: adhesive mediastinopericarditis and con- 
strictive pericarditis. 

ADHESIVE MEDIASTINOPERICARDITIS. This form of 
pericardial fibrosis may follow a suppurative or caseous 
pericarditis, but can also be the consequence of previous 
cardiac surgery. Sometimes this pericardial reaction 
follows heavy irradiation to the mediastinum, as in 
radiotherapy for lymphomas or Hodgkin's disease. Only 
rarely is it a sequel to simple fibrinous exudation. The 
pericardial sac is obliterated, and adherence of the 
external aspect of the parietal layer to surrounding 
structures produces a great strain on cardiac function. 
With each systolic contraction, the heart is pulling not 
only against the parietal pericardium, but also against 
the attached surrounding structures. Systolic retractions 
of the rib cage and diaphragm, pulsus paradoxicus, and 
a variety of other fairly pathognomonic findings may be 
observed clinically. The increased workload causes car- 
diac hypertrophy and dilatation, which may be quite 
massive in more severe cases. 

CONSTRICTIVE PERICARDITIS. The heart may be en- 
cased in a dense, fibrous, or fibrocalcific scar that limits 
diastolic expansion and seriously restricts cardiac output. 
Sometimes there is a well-defined history of a previous 
suppurative or caseous pericarditis, but more often the 
cause is buried in the remote past (idiopathic). '® Fibri- 
nous or serofibrinous inflammatory reactions rarely lead 
to this form of damage. In constrictive pericarditis, the 
pericardial space not only is obliterated but is trans- 
formed into a dense layer of scar or calcification, many 
times 0.5 to 1.0 cm thick, which resists dissection. In 
extreme cases, it appears as if the heart were enclosed 
within a plaster mold (concretio cordis). In less severe 
instances, only irregular calcific plates are produced. 

Although the signs of cardiac failure may resemble 
those produced by mediastinopericarditis, the local find- 
ings in the heart are quite different. Cardiac hypertro- 
phy and dilatation cannot occur because of the dense 
enclosing scar, and as a consequence the heart is 
described as a small, quiet heart with reduced minute 
volume output and reduced pulse pressure. Constriction 


of the venae cavae during the fibrotic process may block 
the venous return to the right side of the heart, simu- 
lating severe right heart failure. 


RHEUMATOID HEART DISEASE 


Rheumatoid arthritis is mainly a disorder of the 
joints, but many nonarticular involvements, e.g., sub- 
cutaneous rheumatoid nodules, acute vasculitis, and 
Felty’s syndrome (p. 1355) may accompany the joint 
changes.'®’ Recently, increasing attention has been 
drawn to cardiac lesions in patients having rheumatoid 
arthritis. These heart involvements are, however, un- 
common and in a large series of 100 patients with 
generalized arthritis, only five instances of recognizable 
rheumatoid lesions were found in the heart. 

The diagnostic features of rheumatoid heart disease 
consist of foci of fibrinoid necrosis within the valves, 
myocardium, or pericardium surrounded by a collar of 
radial, palisaded fibroblasts, accompanied by a diffuse, 
nonspecific chronic inflammation. Myocardial, valvular, 
and pericardial fibrosis may follow acute involvements. 


TUMORS OF THE HEART 


Primary tumors of the heart are extremely rare. 
They may involve any one or all of the three layers of 
the heart. Those of the pericardium may be primary 
(lipomas, mesotheliomas, hemangiomas), but these cu- 
riosities are much less common than metastases to the 
pericardial cavity. '8* Myocardial neoplasms are also rar- 
ities, but are of great clinical interest since they are 
more often benign than malignant and are often attached 
by slender stalks that make them amenable to surgical 
removal. In the past, they were very difficult to diagnose 
clinically because of their rarity and because they often 
presented as a mysterious cause of cardiac decompen- 
sation.'*? However, with present-day techniques of echo- 
cardiography, radionuclide imaging, and computerized 
tomography (CT scans), they can be diagnosed clinically, 
permitting sometimes life-saving surgical removal. Some 
idea of their frequency can be obtained by the incidence 
of primary cardiac tumors in necropsy series ranging 
from 0.0017 to 0.33%. ! 1®! About 80% of primary car- 
diac tumors are benign, and half of these are myxomas. 


BENIGN 


As pointed out, myxomas are the most common 
primary tumor of the heart. Although they may arise in 
any of the four chambers or, rarely, on the heart valves, 
about 90% are located in the atria with a left-to-right 
ratio of approximately 4:1. The tumors are almost 
always single, rarely multiple, in several chambers. The 
region of the fossa ovalis is a favored site of atrial origin. 
They range from small (less than 1 cm) to large (up to 
10 cm) sessile or pedunculated masses (Fig. 13-40). In 


605 


Tumors of the Heart 


Sua.aWwiLNao 


REID 
Bd 
ase 
bo | 
-_ 

sete 
ae 

eR 

eae 

bg Se 
beni 

ec 

omens 
ecgeenaecennen, 
oe 

eR 

ES 

| RD 
SOAR 
Cd 

” a 
URED 

Pes 
ORES 
went 

SSS 

G. — 
LENE 
me: 

aoe 

RR 

SAN 


\ 
SAL! 


Figure 13—40. Excised myxoma of heart revealing slender stalk 
above and irregular, lobulated gelatinous mass. 


general, sessile lesions are globular, hard, mottled with 
hemorrhage, and easily confused with an organizing 
mural thrombus. Pedunculated myxomas tend to be 
soft, translucent, papillary, or villous lesions having a 
myxoid appearance. All are usually covered by an intact 
endocardium, but fragmentation and embolization of 
papillary lesions is sometimes encountered. The sessile 
pattern, when unfortunately located, and particularly 
the pedunculated form, is frequently sufficiently mobile 
to move into or sometimes through the atrioventricular 
valves during diastole. Sometimes such mobility exerts 
a “wrecking ball” effect on the valve leaflets. Histolog- 
ically, they are composed of stellate or globular myxoma 
cells, endothelial cells, macrophages, mature or imma- 
ture smooth muscle cells, and a variety of intermediate 
forms embedded within an abundant acid mucopolysac- 
charide ground substance (Fig. 13-41). Numerous small 
blood vessels, sometimes having well-developed mus- 
cular walls, course through these lesions, and often 
hemosiderin pigment and macrophages laden with he- 
mosiderin granules are present as stigmata of micro- 
hemorrhages. Ultrastructurally, the most prominent fea- 
ture is an abundance of fine cytoplasmic fibrils similar 
to those of smooth muscle cells.'*? It has long been 
questioned whether cardiac myxomas are hamartoma- 
tous or organized thrombi, but the weight of evidence 
is on the side of benign neoplasia. All the cell types 
present are thought to derive from variable differentia- 
tion of primitive mesenchymal cells. 

These neoplasms may be encountered at any age, 
even in infants, with a predominance in females. Be- 
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Figure 13—47. Atrial myxoma disclosing abundant ground substance 
in which are scattered mononuclear leukocytes, abnormal vascular 
formations, and a few myxoma cells (solid arrow), one with stellate 
processes (open arrow). 


cause they may create ball-valve obstructions, they 
sometimes cause unanticipated syncopal attacks, cardiac 
insufficiency, and even sudden death, in apparently 
healthy young children and adults. Sometimes emboli- 
zation, particularly to the brain, kidneys, or lungs, calls 
attention to these lesions. Present diagnostic techniques 
provide the opportunity to diagnose these masses, but 
differentiation from a mural thrombus is sometimes 
difficult despite all the newer diagnostic modalities. 
Surgical removal is usually curative, although sometimes 
the neoplasm recurs months to years later. 

Rhabdomyomas, although the second most frequent 
primary tumor of the heart, are much more rare than 
the already uncommon myxoma.™ These appear gen- 
erally as multiple, sometimes single, circumscribed, 
pale gray masses, usually within the left or right ven- 
tricular walls. Histologically, they are composed of large, 
rounded, or polygonal cells that have one or two nuclei 
and abundant cytoplasm having numerous large, glyco- 
gen-laden vacuoles. Myofibrils are present in some cells 
and occasionally typical muscle cross striations can be 
seen. The nature of these lesions is still in some doubt, 
specifically whether they are derived from neoplastic 
striated muscle cells or instead are hamartomatous in 
nature. Most of the reported cases have occurred in 
infants and children, often in association with tuberous 
sclerosis, suggesting a malformational origin. 


A wide variety of other benign neoplasms may arise 
in the heart, including so-called papillary fibroelastomas, 
lipomas, and angiomas, but all are exotic rarities. 


PRIMARY SARCOMAS 


Primary sarcomas of the heart are about half as 
common as benign tumors. In one of the largest expe- 
riences the following neoplasms, in descending order of 
frequency, were encountered: angiosarcoma, rhabdo- 
myosarcoma, mesothelioma, lymphoma, and other even 
greater rarities.!* All these cancers are generally so 
advanced at the time of discovery that it is difficult to 
be certain of their site of origin. They may be predom- 
inantly intrapericardial, intramural, intracavitary, and 
right-sided or left-sided, but most often they present all 
these characteristics. Histologically, they are identical 
to their counterparts arising in extracardiac locations. 
All ages may be involved but malignant tumors prepon- 
derantly occur in adults. They cause a variety of mani- 
festations ranging from nonspecific fever, malaise, and 
weight loss to various cardiac abnormalities, often 
congestive heart failure. Despite all attempts at control, 
survival for more than a year is rare. 


SECONDARY TUMORS 


Metastatic involvement of the heart, more often of 
the pericardium than of the myocardium, may occur in 
any widely disseminated malignancy. A great many of 
these secondary lesions result from spread of broncho- 
genic carcinomas and lymphomas arising in the medias- 
tinal nodes. However, there are many undoubted in- 
stances of blood- or lymphatic-borne metastases from 
carcinoma of the kidney, stomach, lungs and breast, 
and melanocarcinoma. On occasion the secondary in- 
volvement of the heart is important when the metastases 
evoke pericardial hemorrhagic effusions that produce 
cardiac tamponade, or by involvement of the myocar- 
dium induce arrhythmias. 
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The bone marrow, lymph nodes, and spleen are all 
involved in hematopoiesis. Traditionally, these organs 
and tissues have been divided into myeloid tissue, which 
includes the bone marrow and the cells derived from 
it, i.e., erythrocytes, platelets, granulocytes, and mon- 
ocytes, and lymphoid tissue, consisting of thymus, 
lymph nodes, and spleen. This subdivision is artificial 
both with respect to the normal physiology of hemato- 
poietic cells and the diseases affecting them. For ex- 
ample, although bone marrow is not the site where 
most of the mature lymphoid cells are found, it is the 
source of lymphoid stem cells. Similarly, leukemias, 
which are neoplastic disorders of the leukocytes, origi- 
nate within the bone marrow but involve the lymph 
nodes and spleen quite prominently. Some red cell 
disorders (hemolytic anemias) result from the formation 
of autoantibodies, signifying a primary disorder of the 
lymphoid tissues. Thus, it is not possible to draw neat 
lines between diseases involving the myeloid and 
lymphoid tissues. Recognizing this difficulty, we have 
somewhat arbitrarily divided diseases of the hemato- 
poietic tissues into two chapters. In the first, we will 
consider diseases of red cells and those affecting he- 
mostasis. In the second, we will discuss diseases affect- 
ing the leukocytes, the lymph nodes, and disorders 
affecting primarily the spleen. 


NORMAL 


A complete discussion of normal hematopoiesis is 
beyond our scope, but certain features are helpful to an 
understanding of the diseases of blood. 
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NORMAL DEVELOPMENT OF BLOOD 
CELLS 


In the human embryo, clusters of stem cells, called 
“blood islands,” appear in the yolk sac in the third week 
of fetal development. At about the third month of 
embryogenesis some of these cells migrate to the liver, 
which then becomes the chief site of blood cell formation 
until shortly before birth, although the spleen, lymph 
nodes, and thymus make a small contribution during 
the last two trimesters. Beginning in the fourth month 
of development, hematopoiesis commences in the bone 
marrow. At birth, all the marrow throughout the skel- 
eton is active and is virtually the sole source of blood 
cells. In the full-term infant, hepatic hematopoiesis has 
dwindled to a trickle but may persist in widely scattered 
small foci, which become inactive soon after birth. Up 
to the age of puberty, all the marrow throughout the 
skeleton is red and hematopoietically active. Usually by 
18 years of age only the vertebrae, ribs, sternum, skull, 
pelvis, and proximal epiphyseal regions of the humerus 
and femur retain red marrow, the remainder becoming 
yellow, fatty, and inactive. Thus, in adults, only about 
one-half of the marrow space is active in hematopoiesis. 

Several features of this normal sequence should be 
emphasized. By the time of birth, the bone marrow is 
virtually the sole source of all forms of blood cells and 
a major source of lymphocyte precursors. In the pre- 
mature infant, foci of hematopoiesis are frequently evi- 
dent in the liver, rarely in the spleen, lymph nodes, or 
thymus, but significant postembryonic extramedullary 
hematopoiesis is abnormal in the full-term infant. With 
an increased demand for blood cells in the adult, the 
fatty marrow may become transformed to red, active 


marrow. Moreover, this is accompanied by increased 
productive activity throughout the marrow. These adap- 
tive changes are capable of increasing red cell produc- 
tion (erythropoiesis) seven- to eightfold. Thus, if the 
marrow precursor cells are not destroyed by metastatic 
cancer or irradiation, for example, and necessary sub- 
strate is available (e.g., adequate amounts of iron, 
protein, requisite vitamins, and so forth), such loss of 
red cells as may occur in hemolytic disorders produces 
anemia only when the marrow compensatory mecha- 
nisms are outstripped. Under these circumstances, ex- 
tramedullary hematopoiesis may reappear, first within 
the liver and then in the spleen and lymph nodes. For 
unknown reasons, the thymus never resumes this em- 
bryonic function. 


ORIGIN AND DIFFERENTIATION OF 
HEMATOPOIETIC CELLS 


There is little doubt that the formed elements of 
blood—erythrocytes, granulocytes, monocytes, plate- 
lets, and lymphocytes—have a common origin in a 
totipotent hematopoietic stem cell. This common pre- 
cursor then gives rise to lymphoid stem cells and the 
pluripotent myeloid stem cells, which are committed to 
produce lymphocytes and the myeloid cells, respectively 
(Fig. 14-1). The lymphoid stem cell, which has not 
been identified definitively, is believed to be the origin 
of precursors of T cells (pre-T cells) and B cells (pre-B 
cells), which differentiate into mature T cells and B cells 
under the inductive influence of the thymus and bursa, 
respectively. The details of lymphoid differentiation will 
not be discussed here, but it is worth pointing out that, 
unlike myeloid differentiation, there are no distinctive, 
morphologically recognizable stages. For definition, 
reliance must be placed on the detection of differentia- 
tion specific antigens by monoclonal antibodies (p. 159). 
From the pluripotent myeloid stem cell arise at least 
four types of unipotential, committed stem cells capable 
of differentiating along the erythroid, megakaryocytic, 
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eosinophilic, and granulocyte/macrophage pathways. 
Recent advances in cell culture techniques have made 
it possible to grow these committed stem cells in vitro 
with the production of colonies of differentiated prog- 
eny. Thus, the committed stem cells have been called 
colony-forming units (CFU). As indicated in Figure 
14-1, granulocytes and macrophages have a common 
precursor, and hence colonies derived from CFU-G/M 
(colony-forming unit—granulocyte/macrophage) have a 
mixture of neutrophils and macrophages. In the eryth- 
roid pathway, two distinct committed stem cells can be 
recognized. Based on the morphology of the colonies, 
the more primitive of the two stages is called BFU-E 
(bursa-forming unit—erythroid) and the later stage is 
called CFU-E (colony-forming unit—erythroid). From all 
these various committed stem cells, intermediate stages 
are derived, and ultimately the morphologically recog- 
nizable precursors of the differentiated cell lines, i.e., 
proerythroblasts, myeloblasts, megakaryoblasts, mon- 
oblasts, and eosinophiloblasts. These in turn give rise 
to mature progeny. Since the mature blood elements 
have a finite life span, it follows that their numbers 
must be constantly replenished. This can be realized if 
the stem cells possess the capacity not only to differ- 
entiate but also to renew themselves. Thus, self-renewal 
is an important property of stem cells. The totipotent 
stem cells have the greatest capacity of self-renewal, 
but normally most of them are not in cell cycle. As 
commitment proceeds, self-renewal ability becomes 
limited, but a greater fraction of the stem cells are 
found to be in cycle. For example, very few pluripotent 
myeloid stem cells are normally in cell cycle, but up to 
50% of CFU-G/M are synthesizing DNA. This suggests 
that normally the pool of differentiated cells is replen- 
ished mainly by the proliferation of restricted stem 
cells. It is interesting to note that, although the earliest 
recognizable precursors (e.g., myeloblasts or pro- 
erythroblasts) are in active cell division, they cannot 
self-replicate, i.e., they differentiate and “die.” By 
definition, then, they are not stem cells. Since most 
forms of marrow failure or neoplastic disorders (e.g., 
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Figure 14-1. Differentiation of hematopoietic cells. (Modified from Wintrobe, M. M., et al.: Clinical Hematology. 8th ed. Philadelphia, Lea 


& Febiger, 1981, p. 43.) 
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aplastic anemias, leukemias, polycythemia) are disorders 
of stem cells, much interest is centered on the physio- 
logic mechanisms that regulate the proliferation and 
differentiation of progenitor cells. Little is known about 
the factors that affect the proliferation of the most 
primitive stem cells, since clonal assays for their detec- 
tion in vitro have not been fully developed. However, 
several regulatory factors that affect the committed stem 
cells have been identified. Most well characterized are 
colony-stimulating factor (CSF), which acts on CFU-G/ 
M to produce granulocyte/macrophage colonies, and 
erythropoietin, which is essential for the differentiation 
of erythroid precursors. Thrombopoietin, which acts on 
CFU-GM, is less well characterized at present. CSF is 
derived from macrophages and T cells, and exists in 
several molecular forms. Erythropoietin is derived from 
the kidney but can also be produced by the liver. There 
is some evidence that differentiation of BFU-E also 
requires T cells or their products. It seems, therefore, 
that the versatile T cells may have yet another role! 
Recall that before the advent of modern immunology, 
lymphocytes were believed to be “trephocytes” (feeders 
of other cells). This discredited theory may indeed have 
a grain of truth. Although it has not been possible to 
develop an in vitro assay for the totipotential stem cell, 
recent attempts to develop an assay for the pluripotential 
myeloid stem cells have met with success. It has been 
possible to obtain mixed colonies containing erythro- 
blasts, megakaryocytes, granulocytes, and macrophages, 
which could have arisen only from a multipotent stem 
cell. These exciting new developments are interesting 
not only for developmental biologists but also for pa- 
thology students, since the pathogenesis of several he- 
matologic disorders, including aplastic anemias, poly- 
cythemia, and leukemias, has already begun to be 
unraveled by the use of stem cell cultures. 

NORMAL ANATOMY AND MORPHOLOGY OF BONE 
Marrow. The bone marrow not only is a reservoir of 
stem cells, but also provides a unique microenvironment 
in which the orderly proliferation and differentiation of 
precursor cells takes place. In addition, it regulates the 
release of fully differentiated cells into the circulation. 
The nature of the bone-marrow microenvironment and 
the factors that regulate the orderly release of blood 
cells are only beginning to be understood. In all likeli- 
hood, both structural (stromal) and humoral components 
of the bone marrow are involved in supporting hema- 
topoiesis. Under the electron microscope, the marrow 
cavity appears to be a vast network of thin-walled 
sinusoids lined by a single layer of endothelial cells. 
Basement membrane and adventitial cells are present 
but they form a discontinuous layer outside the endo- 
thelium. In between the sinusoidal network lie clusters 
of hematopoietic cells and fat cells, the latter being 
derived from accumulation of fat within the adventitial 
cells. Differentiated blood cells enter the sinusoids by 
transcellular migration through the endothelial cells. 
That this process is finely regulated is attested to by the 
fact that when hematopoiesis takes place at extramedul- 
lary sites, e.g., the spleen (p. 686), the peripheral blood 
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contains all forms of abnormal as well as primitive blood 
cells that do not enter the blood in normal medullary 
hematopoiesis. 

Two recent developments have highlighted the role 
of marrow microenvironment in the maintenance of 
hematopoiesis. First, in some forms of marrow failure 
affecting all the myeloid cell lines (e.g., one variant of 
aplastic anemia, p. 639), the defect appears to lie in the 
microenvironment rather than in the stem cells, since 
transplantation of histocompatible bone marrow stem 
cells fails to benefit these patients. Second, for years 
experimental hematologists have been frustrated in their 
attempts to study hematopoiesis in vitro because the 
multipotent stem cells could not be maintained in 
culture flasks. However, Dexter has overcome this 
major hurdle by devising a technique that allows the 
maintenance of the bone marrow stroma (endothelial 
cells, fat cells, and adventitial cells ) in vitro.! With the 
so-called Dexter technique, not only do the myeloid 
stem cells survive in vitro, but they can self-replicate 
for several months. This technique can now be applied 
to dissect the role of bone marrow stromal environment 
in both health and disease. 


Although the morphology of the hematopoietic cells 
within the bone marrow is best studied in smears of marrow 
aspirates, useful information can also be obtained by study- 
ing the histology of bone marrow biopsies. For example, a 
reasonable estimate of marrow activity may be obtained by 
examining the ratio of fat cells to hematopoietic elements in 
bone marrow biopsies. In normal adults this ratio approaches 
1:1, but with marrow hypoplasia (e.g., aplastic anemia) the 
proportion of fat cells is greatly increased and, conversely, 
fat cells may virtually disappear in diseases characterized 
by increased hematopoiesis (e.g., leukemias). When sub- 
jected to fixatives and tissue staining methods, the cells of 
the bone marrow and peripheral blood differ in appearance 
from those in air-dried Giemsa- or Wright-stained prepara- 
tions. The maturational sequence of various cell types and 
their specific names are described in specialized texts.? The 
earliest identifiable myeloid cells, i.e., pronormoblasts, 
myeloblasts, and monoblasts, are all moderately large (10 
to 20 pw in diameter), having abundant, deeply basophilic 
cytoplasm; round nuclei with coarsely clumped chromatin; 
and prominent nucleoli. It is extremely difficult, if not impos- 
sible, to differentiate in tissue sections the various “blast” 
forms. Often, tentative identification must be made on the 
basis of “the company they keep.” Thus, a primitive cell 
found in relation to a focus of granulocytes is likely to be a 
myeloblast. Only when maturational differentiation appears 
can the various specific cell types be identified with assur- 
ance. 

The relative proportion of cells in the bone marrow is 
almost always deranged in diseases of the blood and bone 
marrow. Normally, the marrow contains about 60% granu- 
locytes and their precursors; 20% erythroid precursors; 10% 
lymphocytes, monocytes, and their precursors; and 10% of 
unidentified or disintegrating cells. Thus, the normal myeloid/ 
erythroid ratio is 3:1. The dominant cell types in the myeloid 
compartment include myelocytes, metamyelocytes, and 
granulocytes. In the erythroid compartment the dominant 
forms are polychromatophilic and orthochromic normoblasts. 

Under conditions of normal iron metabolism, approxi- 
mately 30 to 40% of the normoblasts contain scattered 


ferritin granules, which are best visualized by special stains 
for iron (Prussian blue). Such cells are called sideroblasts. 
The ferritin granules presumably represent a reserve of iron 
on which the cell can draw for the synthesis of heme. The 
production of heme by the insertion of iron into protopor- 
phyrin by heme synthetase and the production of globin are 
precisely balanced. When synthesis of either product is 
depressed, for whatever reason, excessive amounts of fer- 
ritin accumulate in sideroblasts (as occurs in sideroblastic 
anemia). With progressive accumulation of iron, mitochon- 
dria, the loci of heme synthetase, become stuffed with iron 
and rupture, producing distinctive ring sideroblasts. Thus, 
the state of iron reserves can be judged by the number of 
sideroblasts and their content of iron. If sideroblasts cannot 
be identified in the marrow, it signifies iron deficiency. 
However, an excess of sideroblasts, in particular ring sid- 
eroblasts, connotes an iron overload or the inability to utilize 
normal amounts of iron. 


We now turn to consider the various disorders of 


the red blood cells. 


PATHOLOGY 


ANEMIAS 


The function of red cells is the transport of oxygen 
into tissues. In physiologic terms, therefore, anemia 
may be defined as a reduction in the oxygen transport 
capacity of the blood. Since in most instances the 
reduced oxygen-carrying capacity of blood results from 
a deficiency of red cells, anemia may be defined as a 
reduction below normal limits of the total circulating 
red cell mass. This value is not easily measured, how- 
ever, and therefore anemia has been defined as a 
reduction below normal in the volume of packed red 
cells, as measured by the hematocrit, or a reduction in 
the hemoglobin concentration of the blood. It hardly 
needs pointing out that fluid retention may expand 
plasma volume and fluid loss may contract plasma 
volume, creating spurious abnormalities in clinically 
used values. 

Innumerable classifications of anemia have been 
proposed. A highly acceptable one based on the under- 
lying mechanism is presented in Table 14-1. Whatever 
the nature of anemia, the reduction in red cell mass 
and oxygen transport, when sufficiently severe, leads to 
certain changes throughout the body. 


MORPHOLOGY. The pattern and severity of tissue 
changes depend, to’ a considerable extent, on the sudden- 
ness and quantity of blood loss and the duration of anemia. 
With sudden severe hemorrhage, red cells and circulating 
blood volume are lost proportionally, with the possible de- 
velopment of shock and its attendant clinical and morpho- 
logic changes (p. 112). When blood loss is slow, when red 
cell destruction outpaces production, or when some other 
impairment of red cell formation leads to an anemia, the 
resultant tissue hypoxia is characteristically reflected in cer- 
tain morphologic alterations. 
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Table 14—1. CLASSIFICATION OF ANEMIA ACCORDING TO 
MECHANISM OF PRODUCTION 


|. Blood Loss 
A. Acute: Trauma 
B. Chronic: Lesions of Gl tract, gynecologic disturbances 


Anemias 


ll. Increased Rate of Destruction (Hemolytic Anemias) 
A. Intrinsic (intracorpuscular) abnormalities of red cells 
Hereditary 
1. Red cell membrane disorders 
a. Disorders of membrane cytoskeleton: 
Spherocytosis, elliptocytosis 
b. Disorders of lipid synthesis: Selective increase in 
membrane lecithin 
2. Red cell enzyme deficiencies 
a. Glycolytic enzymes: Pyruvate kinase deficiency, 
hexokinase deficiency 
b. Enzymes of hexose monophosphate shunt: G6PD, 
glutathione synthetase 
3. Disorders of hemoglobin synthesis 
a. Deficient globin synthesis: Thalassemia syndromes 
b. Structurally abnormal globin synthesis 
(hemoglobinopathies): Sickle cell anemia, unstable 
hemoglobins 
Acquired 
1. Membrane defect: Paroxysmal nocturnal 
hemoglobinuria 
B. Extrinsic (extracorpuscular) abnormalities 
1. Antibody mediated 
a. Isohemagglutinins: Transfusion reactions, 
erythroblastosis fetalis 
b. Autoantibodies: Idiopathic (primary), drug- 
associated, SLE, malignancies, Mycoplasma 
infection 
2. Mechanical trauma to red cells 
a. Microangiopathic hemolytic anemias: Thrombotic 
thrombocytopenic purpura, DIC 
b. Cardiac traumatic hemolytic anemia 
Infections: Malaria 
Chemical injury: Lead poisoning 
Sequestration in mononuclear phagocytic system: 
Hypersplenism 


So 


ill. Impaired Red Cell Production 
A. Disturbance of proliferation and differentiation of stem cells: 
Aplastic anemia, pure red cell aplasia, anemia of renal 
failure, anemia of endocrine disorders 
B. Disturbance of proliferation and maturation of erythroblasts 
1. Defective DNA synthesis: Deficiency or impaired 
utilization of vitamin B,. and folic acid (megaloblastic 
anemias) 
2. Defective hemoglobin synthesis 
a. Deficient heme synthesis: lron deficiency 
b. Deficient globin synthesis: Thalassemias 
3. Unknown or multiple mechanisms: Sideroblastic 
anemia, anemia of chronic infections, myelophthisic 
anemias due to marrow infiltrations 


The skin is pale and usually becomes thin and inelastic 
as the epidermis and dermis atrophy. Frequently, the nails 
become brittle and lose their normal convexity to assume a 
concave spoon-shape (koilonychia), particularly in iron defi- 
ciency anemia. Cells that are particularly vulnerable to 
hypoxia may undergo fatty change or even ischemic necro- 
sis. Such damage is most frequently encountered in the 
muscle cells of the myocardium, the epithelial cells of the 
proximal convoluted tubules of the kidney, the centrilobular 
hepatic cells, and the sensitive ganglion cells of the cortex 
and basal ganglia (p. 1389). 

The increased demand for erythropoiesis in anemia 
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causes the fatty marrow to become active and red if the 
marrow is capable of response. In some anemic states, such 
as aplastic anemia, the marrow cannot react. When the 
need is great, extramedullary hematopoiesis ensues, re- 
verting to the fetal patterns of blood formation. Other more 
specific changes may also appear, determined by the partic- 
ular type of anemia. 


CLINICAL FEATURES. Attendant on the deranged 
physiology and morphologic alterations described, many 
nonspecific clinical signs and symptoms are seen in 
patients with anemia. Classically, these patients are pale 
and many have the nail deformity described. Weakness, 
malaise, and easy fatigability are common complaints. 
The lowered oxygen content of the circulating blood 
leads to dyspnea on mild exertion. If the fatty changes 
in the myocardium are sufficiently severe, cardiac failure 
may develop and compound the respiratory difficulty 
caused by reduced oxygen transport. Occasionally, the 
myocardial hypoxia manifests itself by angina pectoris, 
particularly when a preexisting vascular disease has 
already rendered the myocardium partially ischemic. 
With acute blood loss and shock, oliguria and anuria 
may develop in the shock kidney. Central nervous 
system hypoxia may be evidenced by headache, dimness 
of vision, and faintness. Splenomegaly and hepatomeg- 
aly sometimes can be found, especially in infants with 
increased hematopoiesis in these organs. However, the 
most characteristic features of the anemia become evi- 


dent only from laboratory studies of the peripheral 
blood. 


ANEMIAS OF BLOOD LOSS 


Acute Blood Loss 


The clinical and morphologic reactions to blood loss 
depend on the rate of hemorrhage and whether the 
blood is lost externally or internally. With acute blood 
loss, the alterations reflect principally the loss of blood 
volume rather than the loss of hemoglobin. Shock and 
death may follow. If the patient survives, the blood 
volume is rapidly restored by shift of water from the 
interstitial fluid compartment. Restoration of blood fluid 
volume, which begins at once, reaches its full effect 
within 48 to 72 hours when hematocrit values reach 
their lowest level and the full extent of the anemia 
becomes evident. Reduction in the oxygenation of tis- 
sues triggers the production of erythropoietin, and the 
marrow responds by increasing erythropoiesis. When 
the blood is lost internally, as into the peritoneal cavity, 
the iron can be recaptured, but if the blood is lost 
externally, the adequacy of the red cell recovery may 
be hampered by iron deficiency when insufficient re- 
serves are present. 

Soon after the acute blood loss the red blood cells 
appear normal in size and color (normocytic, normo- 
chromic). However, as the marrow begins to regenerate, 
changes occur in the peripheral blood. Most striking is 
an increase in the reticulocyte count, reaching 10 to 
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15% after seven days. The reticulocytes are seen as 
polychromatophilic macrocytes in the usual blood 
smear. These changes of red cell regeneration can 
sometimes be mistaken for an underlying hemolytic 
process. Mobilization of platelets and granulocytes from 
the marginal pools leads to thrombocytosis and leuko- 
cytosis in the period immediately following acute blood 
loss. 


Chronic Blood Loss 


Chronic blood loss induces anemia only when the 
rate of loss exceeds the regenerative capacity of the 
erythroid precursors or when iron reserves are depleted. 
In addition to chronic blood loss, any cause of iron 
deficiency such as malnutrition, malabsorption states, 
or an increased demand above the daily intake as occurs 
in pregnancy wil] lead to an identical anemia, discussed 
later (p. 635). 


HEMOLYTIC ANEMIAS 


The hemolytic anemias are all characterized by (1) 
shortening of the normal red cell life span, i.e., pre- 
mature destruction of red cells; (2) accumulation of the 
products of hemoglobin catabolism; and (3) a marked 
increase in erythropoiesis within the bone marrow, in 
an attempt to compensate for the loss of red cells. These 
and some other general features will be briefly discussed 
before we describe the features of specific hemolytic 
anemilas. 

As is well known, the physiologic destruction of 
senescent red cells takes place within the mononuclear 
phagocytic cells of the spleen. In hemolytic anemias, 
too, the premature destruction of red cells occurs pre- 
dominantly within the mononuclear phagocyte system 
(extravascular hemolysis). Only in a few cases does lysis 
of red cells within the vascular compartment (intravas- 
cular hemolysis) predominate. 

Intravascular hemolysis occurs when normal eryth- 
rocytes are damaged by mechanical injury (p. 629). For 
example, prosthetic cardiac ball valves and thrombi 
within the microcirculation (disseminated intravascular 
coagulation, DIC) may disrupt erythrocytes and produce 
a form of hemolytic anemia referred to as microangio- 
pathic hemolytic anemia (p. 629). Another major mech- 
anism of intravascular hemolysis involves complement- 
induced lysis. Complement binding and activation may 
be mediated by antibodies, as occurs in a mismatched 
blood transfusion, or complement may lyse erythrocytes 
in the absence of antibody, in the rare disorder known 
as paroxysmal nocturnal hemoglobinuria (p. 627). 

Whatever the mechanism, intravascular hemolysis 
is manifested by (1) hemoglohinemia, (2) hemoglobi- 
nuria, (3) methemalbuminemia, (4) jaundice, and (5) 
hemosiderinuria. When hemoglobin escapes into the 
plasma it is promptly bound by an a, globulin (hapto- 
globin) to produce a complex that prevents excretion 
into the urine, since the complexes are rapidly cleared 


by the reticuloendothelial system. A decrease in serum 
haptoglobin level is characteristically seen in all cases 
of intravascular hemolysis. When the haptoglobin is 
depleted, the unbound or free hemoglobin is in part 
rapidly oxidized to methemoglobin, and both hemoglo- 
bin and methemoglobin are excreted through the kid- 
neys, imparting a red-brown color to the urine— 
hemoglobinuria and methemoglobinuria. Should the 
excretory capacity of the kidneys be exceeded, the free 
heme group derived from the retained methemoglobin 
complexes with albumin to produce methemalbumin- 
emia, imparting a red-brown color to the blood. The 
renal proximal tubular cells may reabsorb and catabolize 
much of this filtered hemoglobin, but some passes out 
with the urine. Within the tubular cells, iron released 
from the hemoglobin produces hemosiderosis of the 
renal tubular epithelium, and shedding of such cells 
into the urine (where they can be identified by iron 
stains) constitutes the basis of the hemosiderinuria. 
Concomitantly, the heme groups derived from the com- 
plexes are catabolized within the mononuclear phago- 
cyte system, leading ultimately to jaundice. In hemolytic 
anemias, the serum bilirubin is unconjugated (p. 89) 
and the level of hyperbilirubinemia depends on the 
functional capacity of liver as well as the rate of hemol- 
ysis. With a normal liver, the jaundice is rarely severe. 
Excessive bilirubin excreted by the liver into the gas- 
trointestinal tract leads eventually to increased forma- 
tion and fecal excretion (p. 888) of urobilin. 

Extravascular hemolysis takes place whenever red 
cells are injured, are rendered “foreign,” or become 
less deformable. For example, in hereditary spherocy- 
tosis an abnormal membrane cytoskeleton decreases the 
deformability of the red cell. Analogously, in sickle cell 
anemia, the abnormal hemoglobin “gels” or “crystal- 
lizes’ within the erythrocyte, deforming it and reducing 
its plasticity. Since extreme alterations in shape are 
required for red cells to navigate the splenic sinusoids 
successfully, reduced deformability makes the passage 
difficult and leads to sequestration within the cords, 
followed by phagocytosis (Fig. 14-2). This is believed 
to be an important pathogenetic mechanism of extravas- 
cular hemolysis in a variety of hemolytic anemias.? With 
extravascular hemolysis it is obvious that hemoglobine- 
mia, hemoglobinuria, and the related intravascular 
changes do not appear. However, the catabolism of 
erythrocytes in the phagocytic cells induces anemia and 
jaundice that are otherwise indistinguishable from those 
caused by intravascular hemolysis. Furthermore, since 
some hemoglobin manages to escape from the phago- 
cytic cells, plasma haptoglobin levels are invariably 
reduced. The morphologic changes that follow are iden- 
tical to those in intravascular hemolysis, except that the 
erythrophagocytosis generally causes hypertrophy of the 
reticuloendothelial cells and this may lead to spleno- 
megaly. 


Certain morphologic changes are standard in the he- 
molytic anemias, whether caused by intravascular or extra- 
vascular mechanisms. The anemia and lowered tissue oxy- 
gen tension stimulate increased production of erythropoietin, 
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Figure 14—2. Splenic sinus (electron micrograph). An erythrocyte is 
in process of squeezing from cord into sinus lumen. Note degree of 
deformability required for red cell to pass through wall of sinus. 
(From Enriquez, P., and Neiman, R. S.: The Pathology of the 
Spleen: A Functional Approach. Chicago, The American Society of 
Clinical Pathologists, 1976, p. 7. Used by permission.) 


leading to an expansion of the erythron with markedly 
increased numbers of normoblasts in the marrow (Fig. 14— 
3); sometimes the expansion leads to extramedullary he- 
matopoiesis. Unless there is some block in the formation of 
globin or heme, the accelerated compensatory erythropoie- 
sis leads to a prominent reticulocytosis in the peripheral 
blood. Concomitantly, the expanded volume of the bone 


Figure 14-3. Marrow smear from one of the hemolytic anemias 
illustrating a proerythroblast (upper left) and normoblasts in various 
stages of differentiation. Arrows show late polychromatic normo- 
blasts. 
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marrow causes pressure atrophy of the inner table of the 
cortical bone, resulting in neo-osteogenesis on the outer 
table. Such osseous changes are usually most evident in 
the ribs, facial bones, and calvaria. The elevated levels of 
bilirubin, when excreted through the liver, promote the for- 
mation of pigment gallstones (cholelithiasis). With chronicity, 
the phagocytosed red cells or hemoglobin will eventually 
lead to hemosiderosis, usually confined to the mononuclear 
phagocyte system. Thus, whatever the basis of the hemol- 
ysis, when sufficiently chronic, a common sequence of 
morphologic changes may be anticipated. 


The hemolytic anemias can be classified in a variety 
of ways. One has already been suggested, namely divi- 
sion into intravascular and extravascular hemolytic dis- 
orders. However, since the number of disorders with 
predominantly intravascular hemolysis is limited, this 
classification is not entirely satisfactory. A pathogenetic 
classification could be based on whether the underlying 
cause of red cell destruction is extrinsic (extracorpus- 
cular mechanism) or a defect inherent in the red cell 
(intracorpuscular defect). These anemias can also be 
divided into hereditary and acquired disorders. In gen- 
eral, hereditary disorders are due to intracorpuscular 
defects and the acquired disorders to extrinsic factors 
such as autaantibodies. Each of the classifications has 
value, but here we will follow the intrinsic-extrinsic 
outline given in Table 14~1, limiting consideration only 
to the more common entities. 


Hereditary Spherocytosis (HS) 


This autosomal dominant disorder is characterized 
by an intrinsic defect in the red cell membrane that 
renders erythrocytes spheroidal, less deformable, and 
vulnerable to splenic sequestration and destruction. The 
prevalence of HS is highest in people of North European 
extraction, in whom rates of one in 5000 have been 
reported. Although most cases are related to autosomal 
dominant inheritance, approximately 20% of patients 
have unaffected parents, suggesting that the mutation 
often arises de novo. 

PATHOGENESIS. The pathogenesis of the spheroidal 
shape of the erythrocyte is still somewhat uncertain, 
but recent studies come close to proposing a mecha- 
nism.* It appears that the fundamental defect is in the 
skeleton of the red cell membrane. Spectrin is the major 
skeletal protein of the basic filamentous framework.* It 
consists of two polypeptide chains, alpha and beta, 
which are intertwined (helical) dimers, lying “flat” on 
the cytoplasmic aspect of the cell membrane (Fig. 1- 
32). The individual spectrin dimers are like segments of 
an extensive cable network that are linked to each other 
head to head to form tetramers. Lateral connections 
between spectrin tetramers are established through two 
additional proteins, actin and protein 4.1. The two- 
dimensional spectrin cable meshwork so formed is teth- 
ered to the inner surface of the cell membrane by yet 
another protein called ankyrin, which forms a bridge 
between spectrin and the cell membrane protein 3.5 
Together these proteins are responsible for maintenance 


DISEASES OF RED CELLS AND BLEEDING DISORDERS 


of the normal shape, strength, and flexibility of the red 
cell membrane. Although a deficiency of any one of the 
membrane skeletal proteins could adversely affect the 
red cells, the amounts of these proteins are normal in 
most patients with HS.° On the other hand, a qualitative 
defect. in red cell spectrin molecules has been found in 
several affected families. The defect, expressed as re- 
duced binding to protein 4.1, appears to involve ap- 
proximately 50% of the spectrin molecules in hetero- 
zygotes. Conceivably, the weakening of protein 4.1- 
spectrin bonds results in reduced “pull” exerted on the 
cell membrane, permitting the cells to assume the small- 
est possible diameter for a given volume, namely, a 
sphere. It should be noted that defective protein 4. 1- 
spectrin interaction may not be the underlying defect 
in all cases of HS, and at present the proportion of HS 
patients with this defect is not known. A variety of other 
biochemical abnormalities, notably reduced phosphor- 
ylation of spectrin, increased permeability to passive 
sodium influx, and decreased membrane lipids, have 
been described in HS, but it is not clear whether they 
represent the cause or the effect of spherocytosis.° 

Although much remains to be learned about the 
molecular defects in HS, the travails of the red cells 
resulting from spheroidal transformation are fairly well 
defined. In the life of the “portly” (and therefore inflex- 
ible) spherocyte, the spleen acts as the villain. As 
discussed earlier, the spleen serves as a watchdog ready 
to weed out the less-than-perfect erythrocytes as they 
traverse the red pulp. To enter the venous sinuses, 
normal red cells deposited into the cords of Billroth 
have to undergo extreme degrees of deformation (p. 
615). Because of their spheroidal shape and reduced 
membrane plasticity, spherocytes have great difficulty 
in leaving the cords. The few, less affected cells that do 
manage to squeeze through the sinusoidal walls succeed 
at the expense of a portion of their cell membrane. 
These “bruised” red cells, called microspherocytes, are 
smaller and even less deformable, and are readily trap- 
ped in the cords when they enter the spleen subse- 
quently. As more and more spherocytes are detained, 
the already sluggish circulation of the cords stagnates 
further and the environment around the cells becomes 
progressively more hostile. Lactic acid accumulates and 
the extracellular pH falls, which in turn inhibits glycol- 
ysis and generation of ATP. Loss of ATP impairs the 
ability to extrude sodium, adding an element of osmotic 
injury. Stagnation in the cords also promotes contacts 
with macrophages, which are plentiful, and eventually 
the hapless spherocytes fall prey to the appetite of 
phagocytic cells. The cardinal role of the spleen in the 
premature demise of the spherocytes is proved by the 
invariably beneficial effect of splenectomy. The sphero- 
cytes persist but the anemia is corrected. 


MORPHOLOGY. Perhaps the most outstanding morpho- 
logic feature of this disease is the spheroidal shape of the 
red cells, apparent on smears as abnormally small cells 
lacking their central zone of pallor (Fig. 14—4). Spherocyto- 
sis, although distinctive, is not pathognomonic since it is 
also seen in autoimmune hemolytic anemias. In addition to 


Figure 14—4. Peripheral blood smear from a patient with hereditary 
spherocytosis. Note the anisocytosis and several dark-appearing 
spherocytes with no central pallor. (Courtesy of Dr. Jose Hernandez, 
Department of Pathology, Southwestern Medical School, Dallas, 
Texas.) 


reticulocytosis and the general features of all hemolytic 
anemias, as previously detailed (p. 615), certain alterations 
are fairly distinctive. Moderate splenic enlargement is char- 
acteristic of hereditary spherocytosis (500 to 1000 gm); in 
few other hemolytic anemias is the spleen enlarged as much 
or as often. It results from marked congestion of the cords 
of Billroth, leaving the sinuses virtually empty. Erythrophag- 
ocytosis can be seen within the congested cords. Typically 
present are the associated changes found in all hemolytic 
anemias, including expansion of the erythron, bone changes, 
and hemosiderosis, as well as cholelithiasis (pigment stones) 
in 50 to 85% of cases. 


CLINICAL Course. The characteristic clinical fea- 
tures are anemia, splenomegaly, and jaundice. The 
severity of the disease varies greatly from one patient 
to another. It may make its appearance at birth with 
marked jaundice, requiring exchange transfusion. In 
others, the mild red cell destruction is readily compen- 
sated for by expansion of the erythron. Only when this 
compensatory reaction is outpaced do symptomatic pa- 
tients have a chronic hemolytic anemia, usually of mild- 
to-moderate severity. However, this more or less stable 
clinical course may be punctuated by “crises” of two 
kinds, often triggered by intercurrent infections. A 
hemolytic crisis may develop, characterized by the 
sudden onset of a wave of massive hemolysis accom- 
panied by fever, abdominal pain, nausea, vomiting, 
jaundice, low blood pressure, tachycardia, and even 
shock. During active hemolysis, the patient classically 
becomes markedly jaundiced. Alternatively, an aplastic 
crisis may appear, characterized by temporary suppres- 
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sion of red cell production, manifested by sudden wors- 
ening of the anemia, and the disappearance of reticu- 
locytes from the peripheral blood. Transfusions may be 
necessary to support the patient, but eventually both of 
these crises remit in most instances. Enlargement of 
the spleen, which is often progressive, is seen in 75 to 
95% of the adults. Gallstones, found in many patients, 
may also produce symptoms (p. 944). Diagnosis is based 
on family history, hematologic findings, and laboratory 
evidence of spherocytosis, expressed as increased os- 
motic fragility. The spherocytes are particularly vulner- 
able to osmotic lysis, induced in vitro by solutions of 
hypotonic salt, since there is little margin for expansion 
of red cell volume without rupture. 


Hemolytic Disease Due to Erythrocyte Enzyme 
Defects: Glucose-6-Phosphate Dehydrogenase 
Deficiency 


The erythrocyte and its membrane are vulnerable 
to injury by exogenous and endogenous oxidants. Nor- 
mally, intracellular reduced glutathione (GSH) inacti- 
vates such oxidants. Abnormalities in the hexose mono- 
phosphate shunt or in glutathione metabolism resulting 
from deficient or impaired enzyme function reduce the 
ability of red cells to protect themselves against oxidative 
injuries and lead to hemolytic disease. The most impor- 
tant of these enzyme derangements is a hereditary de- 
ficiency of glucose-6-phosphate dehydrogenase (G6PD) 
activity involved in the hexose monophosphate shunt 
pathway.°® Millions of people throughout the world have 
such a deficiency. More than 100 G6PD genetic variants 
have been identified, but fortunately most evoke no 
clinical disorder or hemolytic anemia. Two variants, 
designated G6PD A— and G6PD Mediterranean, lead 
to clinically significant hemolysis. The A— type is 
present in about 10% of American blacks; G6PD Med- 
iterranean, as the name implies, is found largely in 
populations in the Middle East. The basis of G6PD 
deficiency is somewhat different in the two genetic 
variants. In the A— type of deficiency, a normal amount 
of the enzyme is synthesized in the red cell precursors, 
but it is more rapidly catabolized or inactivated during 
the life span of the red cell, so that older red cells 
become progressively more deficient in enzyme activity. 
Exposure to an oxidant, therefore, tends to induce 
hemolysis of older red cells but not the younger ones, 
and so the drop in hematocrit is mild or moderate. 
G6PD Mediterranean, on the other hand, is associated 
with markedly reduced activity throughout the entire 
life span of the red cell, suggesting that, in addition to 
rapid catabolism, impaired synthesis of the enzyme may 
also be involved. In these individuals, the hemolytic 
crisis may produce profound drops in hematocrit and 
hemoglobin levels. 

Inheritance of the mutant gene is X-linked. Thus, 
the defect is expressed in all erythrocytes of the affected 
male. In the heterozygous female, two populations of 
red cells, some deficient, others normal, are present 
owing to random inactivation of the X chromosomes. It 
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follows that males are more vulnerable to oxidant injury 
than females, who usually have a smaller fraction of 
enzyme-deficient red cells. Only those carrier females 
who have an unusually large fraction of vulnerable red 
cells (“unfavorable lyonization”) are susceptible to he- 
molytic anemia. It might be noted that the prevalence 
of such deleterious genes has in part been maintained 
because a deficiency of G6PD is thought to protect 
against malaria due to Plasmodium falciparum. 

Numerous oxidant drugs may trigger hemolytic 
crises, principally the antimalarials—primaquine and 
quinacrine (Atabrine)—in addition to sulfonamides, ni- 
trofurans, and others.* Even more important are infec- 
tions that presumably act by the generation of free 
radicals in macrophages. The free radicals exert oxidant 
effects on G6PD-deficient erythrocytes. Owing to the 
extremely low levels of G6PD, persons with the Medi- 
terranean type of G6PD have chronic hemolysis, even 
in the absence of exposure to an oxidant drug. They 
also develop an explosive acute hemolytic disorder after 
ingestion of fava beans. It appears that two genes are 
involved in the genesis of this peculiar reaction, one 
responsible for G6PD deficiency and the other for an 
abnormal enzyme that causes the catabolism of a fava 
bean product into a highly oxidant derivative. 

The pathophysiology of hemolysis seems to involve 
the following sequence. Exposure to the drug causes 
oxidation of GSH to glutathione, presumably through 
the production of H,O,. Since the regeneration of GSH 
is impaired in G6PD-deficient cells, hydrogen peroxide 
accumulates and injures other red cell constituents. 
Hemoglobin seems to be attacked on two fronts: oxida- 
tion of heme leading to formation of methemoglobin 
and, independently, oxidation of the sulfhydryl groups 
of the globin chains. The latter is particularly devastating 
since it leads to denaturation of hemoglobin and for- 
mation of precipitates (Heinz bodies) within the cell. 
When attached to the cell membrane, Heinz bodies 
decrease erythrocyte deformability, thus rendering 
them susceptible to sequestration in the spleen. A 
remarkable phenomenon also follows: as the red cells 
pass through the splenic cords, phagocytic cells, prin- 
cipally macrophages, pluck out the Heinz bodies, a 
process referred to as pitting. The loss of membrane 
induces further membrane damage and simultaneously 
induces the formation of spherocytes. All these changes 
predispose the red cells to become trapped in splenic 
cords and destroyed by erythrophagocytosis. 

The clinical features of G6PD deficiency may be 
surmised from our discussion. Persons with the deficient 
enzyme do not have hemolysis unless exposed to the 
oxidant injuries alluded to above. After a variable lag 
period of two to three days, an acute hemolytic episode 
characterized by hemoglobinemia, hemoglobinuria, and 
deceased hematocrit levels is triggered. In patients with 
the G6PD A- variant, since only the senescent red cells 
are lysed, the episode is self-limited and hemolysis stops 
when only the younger red cells remain in the circula- 
tion (despite continued administration of the oxidant 
drug). In contrast the hemolytic episodes with the G6PD 
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Mediterranean variant are much more severe, lasting 
for the duration of the oxidant injury. The peripheral 
blood smear shows Heinz bodies within the red cells as 
dark inclusions, when stained with crystal violet. The 
recovery phase is heralded by reticulocytosis, as in the 
case of other hemolytic anemias. Since hemolytic epi- 
sodes related to deficiencies of G6PD occur only on 
exposure to particular drugs, the morphologic changes 
encountered in most chronic hemolytic anemias are 
rarely present. 


Sickle Cell Disease 


Sickle cell disease is the classic prototype of a 
hereditary hemoglobinopathy. It results from a point 
mutation in the genetic code such that a single amino 
acid is substituted for another in one of the polypeptide 
chains of hemoglobin, transforming HbA into HbS. 
About 300 variant hemoglobins have been identified in 
which there is either an amino acid substitution or a 
deletion in one of the globin chains. Hemoglobin, as 
you recall, is a tetramer of four globin chains, comprising 
two pairs of similar chains, each with its own heme 
group. The hemoglobin in the adult is composed of 96% 
HbA (a,8,), 3% hemoglobin A, (a,6,), and 1% fetal 
hemoglobin (HbF, a,‘,). The clinically significant var- 
iant hemoglobins involve B-chain abnormalities, among 
which the archetype is sickle hemoglobin (HbS). Sub- 
stitution of valine for glutamine at the sixth position of 
the B chain produces HbS. About 8% of black Americans 
are heterozygous for hemoglobin S. If an individual is 
homozygous for the genetic mutation, almost all the 
hemoglobin in the erythrocyte is HbS. In the heteroz- 
ygote, only about 40% is HbS, the remainder being 
normal hemoglobins. Where malaria is endemic, as 
many as 30% of black Africans are heterozygous. This 
frequency may be related in part to the slight protection 
against falciparum malaria afforded by HbS. 

The HbS molecules upon deoxygenation undergo 
aggregation and polymerization, leading ultimately to 
distortion of the red cells, which acquire a sickle or 
holly-leaf shape (Figs. 14-5 and 14-6). Sickling of the 
red cells has two major consequences: (1) a chronic 
hemolytic anemia; and (2) occlusion of small blood 
vessels, resulting in ischemic tissue damage.’ 

PATHOGENESIS. When exposed to low oxygen ten- 
sions, polymerization of HbS takes place in several 
stages. Initially, small aggregates (nuclei) containing 
approximately 30 HbS molecules are formed, which on 
further polymerization are organized into long tubular 
fibers with a diameter of 150 to 200 A. In the final step 
(crystallization), the fibers align themselves into parallel 
bundles seen under the electron microscope to run 
along the long axis of the sickled cells. The net effect of 
polymerization is to convert HbS from a freely flowing 
liquid to a viscous gel that is responsible for the distor- 
tion and reduced plasticity of the red cells. 

A number of factors that affect the rate and degree 
of sickling impact on the clinical expression of this 
disease. Perhaps the most important of all is the amount 


Fig. 14—5 


of HbS and its interaction with the other hemoglobin 
chains in the cell. In heterozygotes approximately 40% 
of the hemoglobin is HbS, the rest being HbA, which 
interacts only weakly with HbS during the processes of 
gelation. Therefore, the heterozygote has little tendency 
to sickle, except under conditions of severe hypoxia. 
Such an individual is said to have sickle cell trait, and 
unless exposed to significant hypoxia has no hemolysis 
of red cells, nor an anemia. In contrast, the homozygote 
with virtually undiluted hemoglobin of the S type has 
full-blown sickle cell anemia. B-Globin chains other than 
the normal HbA and other non-a globins influence the 
crystallization of HbS and the severity of sickle cell 
anemia. For example, fetal hemoglobin (HbF) with its 
B-globin chains does not interact with HbS, and hence 
newborns do not manifest the disease until they are 1 
to 2 years of age, when the amount of HbF in the cells 
falls to adult levels. The modulating effect of B-globin 
chains is seen also with other mutant hemoglobins such 
as HbC and HbD. Either of these may be present along 
with HbS in red cells of a double heterozygote for HbS 
and the variant globin gene. When HbC is present 
along with HbS, the clinical features are milder, since 
HbS copolymerizes with HbC to a lesser extent than 
with other HbS molecules. The rate of HbS polymeri- 
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Fig. 14-6 

Figure 14-5. In vivo sickling in a patient with sickle cell anemia (compare with Fig. 14-6). Drawing 
courtesy of Edith Piotti, Harvard Medical School.) 
Figure 14-6. In vitro sickle cell preparation from same blood as illustrated in Figure 14—5 to highlight 
augmentation of sickling induced by low oxygen tension. 


zation is also significantly affected by the hemoglobin 
concentration per cell, i.e., the MCHC. The higher the 
HbS concentration within the cell, the greater are the 
chances of contact and interaction between HbS mole- 
cules. Thus, dehydration, which increases the MCHC, 
greatly facilitates sickling and may trigger occlusion of 
small blood vessels (vaso-occlusive crisis). The hyper- 
tonic environment of the renal medulla can also initiate 
local sickling and infarction. Conversely, for a given 
amount of HbS per cell, conditions that decrease the 
MCHC would be expected to ameliorate the disease 
severity. This seems to be the explanation for the recent 
observation that, in patients with homozygous sickle 
cell anemia, the coexistence of thalassemia lessens the 
severity of the anemia.® Thalassemia is characterized by 
reduced synthesis of globin chains (p. 622) which limits 
the total hemoglobin concentration per cell. Finally, a 
fall in pH, by reducing the oxygen affinity of hemoglo- 
bin, can increase sickling since it would enhance the 
amount of deoxygenated HbS. 

Sickling of red cells is initially a reversible phenom- 
enon; with oxygenation, HbS returns to the depolymer- 
ized state. However, with repeated episodes of sickling 
and unsickling, membrane damage ensues. Sickled cells 
lose potassium and water. and at the same time gain 
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calcium, which normally is rigorously excluded. The 
latter is considered particularly important in the genesis 
of irreversibly sickled cells (ISC),° which retain their 
abnormal shape even when fully oxygenated and despite 
the deaggregation of HbS. Irreversibly sickled cells have 
very rigid and nondeformable cell membranes, and 
therefore have the same difficulty in negotiating the 
splenic sinusoids as do the spherocytes (p. 616). The 
sickled cells become sequestered in the spleen, where 
they are destroyed by the mononuclear phagocyte sys- 
tem. Some intravascular hemolysis may also occur owing 
to increased mechanical fragility of the severely dam- 
aged cells. The average red cell survival correlates with 
the percentage of ISC in circulation and is shortened to 
approximately 20 days.!° This finding supports the con- 
cept that the hemolysis results primarily from the lysis 
of ISC. 

The pathogenesis of microvascular occlusions, a 
clinically important component of sickle cell anemia, is 
much less certain. The well-known “vicious viscous” or 
kinetic hypothesis is based on the increase in blood 
viscosity brought about by the relative inelasticity of the 
sickled red cells. This results in retardation of blood 
flow, particularly in the microcirculation. As the capil- 
lary transit times are prolonged, the red cells are 
exposed to a longer period of relative hypoxia, which 
favors further sickling of cells upstream, leading finally 
to complete vascular occlusion and infarction. Although 
this scheme is plausible and probably correct in its basic 
tenets, an important question remains unanswered. 
Why is there no correlation between the frequency of 
ISC (which contributes to viscosity) and severity of organ 
involvement? Two studies address this issue. By using 
very sensitive techniques, Noguchi and Schechter found 
that in sickle cell anemia a small amount of polymerized 
HbS is present even in normal-appearing red _ cells 
exposed to 96 to 98% oxygen saturation.!! Sickling, 
according to these authors, occurs only in those cells 
that have a very large amount of the polymer, while 
deformability and plasticity is impaired even with lesser 
amounts of polymerized HbS. According to this view, 
the amount and properties of the HbS polymer within 
normal-looking red cells, rather than the obviously 
sickled red cells, are the major determinants of abnormal 
flow, and therefore lack of correlation between the 
frequency of ISC and the incidence of vascular occlusion 
is not entirely surprising. Other explanations have con- 
centrated on the possibility that vascular occlusion may 
be initiated by adhesions between red cells and capillary 
endothelial cells.? Increased adherence of normal-look- 
ing red cells from patients with sickle cell anemia and 
endothelial cells has been reported in culture, but the 
in vivo significance of this phenomenon remains to be 


established. 


MORPHOLOGY. The anatomic alterations are based on 
the following three characteristics of sickle cell anemia: 
increased destruction of the sickled red cells with the devel- 
opment of anemia, increased release of hemoglobin and 
formation of bilirubin, and capillary stasis and thrombosis. 
Sickling of the red cells may be identified in tissue sections, 
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particularly those fixed in formalin, because under these 
conditions anaerobiosis develops before complete fixation. 
However, sickling may not be evident when the section is 
quickly fixed. The consequences of the increased red cell 
destruction and anemia have already been detailed in the 
general consideration of all hemolytic anemias. Briefly, these 
involve pallor of the skin; systemic iron overload; and fatty 
changes in the heart, liver, and tubules of the kidney. Rarely, 
the erythrostasis in the liver leads to so-called sickle cell 
cirrhosis. The bone marrow is hyperplastic, with activation 
of fatty marrow. This increased activity is due to expansion 
of normoblasts. The white cells and megakaryocytes are 
unaffected. The expansion of the marrow may lead to 
resorption of bone, with secondary new bone formation to 
produce the roentgenographic appearance in the skull of the 
“crew haircut.” Extramedullary hematopoiesis may appear 
in the spleen or liver, and rarely in other sites. 

In children, during the early phase of the disease, the 
spleen is commonly enlarged up to 500 gm. Histologically, 
there is marked congestion of the red pulp, due mainly to 
the trapping of sickled red cells in the splenic cords. How- 
ever, sickling of cells may also occur in the sinuses, some- 
times creating large lakes of red cells, sickled and jammed 
together in distended sinuses (Fig. 14—7). This erythrostasis 
in the spleen may lead to thrombosis and infarction or at 
least to marked tissue hypoxia. Sometimes the resulting 
focal fibrous scars contain deposits of hemosiderin and 
calcium, so-called Gandy-Gamna bodies. Continued scar- 
ring over the course of years causes progressive shrinkage 
of the spleen so that, in long-standing adult cases, only a 
small nubbin of fibrous tissue may be left; this is called 
autosplenectomy (Fig. 14—8). Infarctions secondary to vas- 
cular occlusions and anoxia may occur also in the liver, 
brain, kidney, and bone marrow. 

Thrombotic occlusions have also been described in the 
pulmonary vessels, and many patients have cor pulmonale. 
Vascular stagnation in the subcutaneous tissue leads to leg 
ulcers in approximately 50% of adult patients, but is rare in 
children. The increased release of hemoglobin leads to 
pigment gallstones in some individuals, and all patients 
develop hyperbilirubinemia during periods of active hemol- 
ysis. 


CLINICAL Course. From the description of the 
disease to this point, it is evident that these patients are 
beset with problems stemming from (1) severe anemia, 
(2) vaso-occlusive complications, (3) predisposition to 
infections, and (4) chronic hyperbilirubinemia. In in- 
fants, there is impairment of growth and development 
and an increased tendency to serious infections. In 
adults, the chronic hemolytic disease induces a fairly 
severe anemia, with hematocrit values ranging between 
18 and 30%. The chronic hemolysis is associated with 
striking reticulocytosis and hyperbilirubinemia. Irre- 
versibly sickled cells can usually be seen in the periph- 
eral smear. This protracted course is frequently punc- 
tuated by a variety of “crises.” Vaso-occlusive crises, 
also called painful crises, represent episodes of hypoxic 
injury and infarction. Usually no predisposing causes 
can be identified, although an association with infection, 
dehydration, and acidosis (all of which favor sickling) 
has been noted. The pain can be extreme and may be 
referred to the abdomen, chest, or joints, depending on 
the site of vascular insufficiency. Sites most commonly 
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(low power). White pulp on upper left is normal. Red 


pulp with its cords and sinusoids is markedly congested. B, Under high power, splenic cords are 


involved by vaso-occlusive episodes are the bones, 
lungs, liver, brain, spleen, and penis. In children, 
painful bone crisis is extremely common and often 
difficult to distinguish from acute osteomyelitis. Simi- 
larly, chest pain may be confused with infections that 
are also common. Central nervous system hypoxia may 
produce manifestations of a seizure or stroke. Although 
such crises are frequently reversible, they may be fatal. 
Leg ulcers are an additional reflection of the vaso- 
occlusive tendency. An aplastic crisis represents a tem- 
porary cessation of bone marrow activity and it may be 
triggered by infections, folic acid deficiency, or both. 
Reticulocytes disappear from the peripheral blood and 
there is sudden and rapid worsening of anemia. A so- 
called sequestration crisis may appear in children with 
splenomegaly and sometimes in adults whose spleens 
have not undergone autoinfarction. Massive sequestra- 


tion of deformed red cells leads to rapid splenic enlarge- 
ment, hypovolemia, and sometimes shock. With trans- 
fusion, this can be reversed. Male patients may suddenly 
develop painful priapism owing to vascular engorgement 
of the penis. 

For reasons that are not clear, but possibly related 
to erythrophagocytosis and blockade of the mononu- 
clear phagocyte system, splenic function in children is 
impaired even though splenomegaly is present. Later, 
splenic infarctions may significantly reduce the size and 
function of this organ. The “functional splenectomy” 
predisposes to blood-borne infections and, for unknown 
reasons, particularly predisposes to Salmonella osteo- 
myelitis. These individuals are also unusually prone to 
infections caused by pneumococci, possibly related to 
an impairment of the alternate complement pathway 
normally activated by bacterial polysaccharides such as 
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Figure 14-8. Sickle cell anemia. Cross section of a totally fibrotic spleen—autosplenectomy. 
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those produced by pneumococci. The infections in turn 
predispose to vaso-occlusive and aplastic crises. 

In the course of the disease, chronic hypoxic organ 
damage may affect the spleen, heart, and lungs. The 
bones and joints are also favored sites of ischemic injury; 
microinfarctions may appear; or sometimes aseptic ne- 
crosis of the femoral head develops. Ocular lesions in 
the form of retinal infarcts, retinitis proliferans, and 
retinal detachment sometimes appear. Ischemic injury 
to the renal medulla may lead to loss of renal concen- 
trating ability. The hyperbilirubinemia causes pigment 
stones in the gallbladder. 

Diagnosis usually is readily made from the clinical 
findings and the appearance of the peripheral blood 
smear. It can be confirmed by diagnostic tests for 
sickling that, in general, are based on mixing a blood 
sample with an oxygen-consuming reagent such as me- 
tabisulfite to induce sickling. Hemoglobin electropho- 
resis can also demonstrate hemoglobin S on the basis of 
specific mobility. Despite improvements in therapy, 
sickle cell anemia still markedly shortens longevity; 
many patients die before the age of 30. However, with 
supportive measures an increasing number survive well 
into adult life. Detection of heterozygotes and genetic 
counseling are obviously most important in this condi- 
tion. Recent advances in recombinant DNA technology 
have made it possible to diagnose sickle cell anemia 
antenatally (p. 122). The test uses DNA derived from 
amniotic fluid cells, and is based on the ability to cut 
DNA at specific nucleotide sequences by enzymes called 
restriction endonucleases. One such enzyme cuts the 
normal B-globin DNA at the sequences corresponding 
to the sixth amino acid position, which is the site of the 
sickle mutation (p. 618). If the mutation has occurred 
with alteration of nucleotide sequence, the enzyme fails 
to cleave the DNA at this specific site, producing a 
pattern of DNA fragments that is different from normal. 
This exciting new technique can identify both hetero- 
zygotes and homozygotes. '* 
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Thalassemia Syndromes 


The thalassemia syndromes are a heterogeneous 
group of mendelian disorders, all characterized by a 
lack of or decreased synthesis of either the a- or B- 
globin chain of hemoglobin A (a,8,). 8-Thalassemia is 
characterized by deficient synthesis of the B chain, 
whereas a-thalassemia is characterized by deficient syn- 
thesis of the a chain. The hematologic consequences of 
diminished synthesis of one globin chain derive not only 
from the low intracellular hemoglobin (hypochromia) 
but also from the relative excess of the other chain. For 
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example, in B-thalassemia there is an excess of a chains. 
As a consequence, free a chains tend to aggregate into 
insoluble inclusions within erythrocytes and their pre- 
cursors, causing premature destruction of maturing 
erythroblasts within the marrow (ineffective erythropoi- 
esis) as well as lysis of mature red cells in the spleen 
(hemolysis). 

It should be emphasized that, in contrast to he- 
moglobinopathies that are characterized by the produc- 
tion of structurally abnormal globins at a normal rate, 
the thalassemia syndromes are characterized by reduced 
rates of synthesis of structurally normal globin chains. 
This observation is central to an understanding of the 
molecular lesions in thalassemias. Since the small 
amounts of globin chains synthesized are normal in 
amino acid composition, it follows that the genetic 
lesions responsible for thalassemias are likely to be 
regulatory mutations that affect the normal expression 
of the globin structural genes rather than mutations 
affecting the coding sequences. In cases with complete 
absence of globin chain synthesis, actual deletion of the 
structural gene must also be considered. These two 
categories of genetic defects (regulatory mutations or 
deletions) have now been proved responsible for most 
cases of thalassemias. To understand these, we must 
first review the normal structure and expression of 
human globin genes. Only the salient features will be 
pointed out here; more details are available in several 
reviews. '? 4 

As is well known, the human hemoglobin molecule 
consists of two identical pairs of globin chains. The 
major adult human hemoglobin, HbA, contains two a 
chains and two 8B chains. All other normal embryonic, 
fetal, and adult hemoglobins also have two a-like chains 
and two B-like chains. A pair of a-globin genes is 
situated on each of the two number 16 chromosomes. 
In other words each individual possesses four a-chain 
genes, all of which are functional (Fig. 14-9). The B- 
globin family of genes includes the B-chain gene, the 6- 
chain gene, and two y-chain genes. They are located on 
chromosome 11, in close linkage (Fig. 14—9). 

A major change in thinking about the organization 
of eukaryotic genes has been brought about by the 
isolation and molecular cloning of the human globin 
genes. In each globin gene (as well as most other human 
genes), the nucleotide sequences that code for the 
polypeptide chains are not continuous but are inter- 
rupted by sequences not found in the mature cyto- 
plasmic messenger RNA (mRNA). The sequences rep- 
resented in cytoplasmic mRNA are called exons, 
whereas those in between the exons are called interven- 
ing sequences or introns (Fig. 14-10). Two intervening 
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Figure 14-9. Number and chromosomal arrangement of human globin genes. 
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Figure 14-10. Human globin gene expression. (Modified from Benz, E.J., Jr., and Forget, B.G.: The 
thalassemia syndromes: Models for molecular analysis of human disease. Annu. Rev. Med. 33:363, 


1982.) 


sequences (I and II) interrupt the coding sequences of 
globin genes into three separate blocks (exons). The 
process of transcription and translation of the B-globin 
gene is illustrated schematically in Figure 14-10. It may 
be noted that initially the entire gene (exons and introns) 
is transcribed to a large mRNA precursor within the 
nucleus. The mRNA precursor undergoes several im- 
portant posttranscriptional modifications before it is 
converted into mature cytoplasmic mRNA, ready for 
translation. In the first step following transcription, both 
ends of the nuclear mRNA are modified. A methyl 
guanosine triphosphate residue is added to the 5’ end 
(called “capping”), whereas several adenosine residues 
are added to the 3’ end (‘the poly-A tail”). The next 
step in posttranscriptional modification is called proc- 
essing and involves cutting out the introns so that the 
exons are joined into a continuous sequence. Splicing is 
brought about by enzymes that recognize certain specific 
nucleotide sequences present at the junctions between 
exons and introns. The modified and spliced mature 
mRNA is then transported to the cytoplasm for trans- 
lation. The pathway of a-globin gene expression is very 
similar. With this background we can proceed to discuss 
the molecular pathology, pathophysiology, and clinical 
features of thalassemias. The two major forms, a- and 
B-thalassemia, will be discussed separately, since each 
has distinctive features. 


BETA-THALASSEMIA 


The abnormality common to all B-thalassemias is a 
total lack or a reduction in the synthesis of structurally 


normal B-globin chains with unimpaired synthesis of a 
chains. However, the clinical severity of the anemia as 
well as the biochemical and genetic basis of B-globin 
chain deficiency are quite varied. We will begin our 
discussion with the molecular lesions in B-thalassemia 
and then integrate the clinical variants with the under- 
lying molecular defects. 

MOLECULAR LESIONS IN BETA-THALASSEMIA. Three 
genetic variants of B-thalassemia have been recognized: 
(1) B°-thalassemia, characterized by total absence of B 
globin in the homozygous state; (2) B*-thalassemia, 
associated with reduced B-globin synthesis in the ho- 
mozygote (the most common form); and (3) Hb Lepore, 
an unusual variant in which there is reduced synthesis 
of a structurally abnormal B-like chain—this uncommon 
type will not be discussed further. 

The molecular lesions underlying B°- and B*-thal- 
assemias are heterogeneous and not completely known. 
In B°-thalassemia a partial deletion of the 3’ end of the 
B-globin gene has been described in some families. As 
indicated in Figure 14-11), this deletion removes one 
coding sequence and part of the intervening sequence 
II (IVS II), and therefore B-globin synthesis cannot 
occur.!> Except for this reported example, deletion as a 
cause of B-thalassemia seems to be uncommon. Since 
the B-globin gene is present in most cases, but the gene 
product is missing, defects in transcription, mRNA 
processing, or translation have been sought. In some 
cases of B°-thalassemia, defective processing of nuclear 
mRNA results from a mutation that alters the normal 
junction between IVS II and the middle exon (Fig. 14— 
11@).* As discussed earlier, normal excision of introns 


624 


IVS | IVS Il 


Leet 
© @ oO 
Figure 14—11. Molecular lesions in beta-thalassemia () = Deletion 
of 3’ end of beta-globin gene; @ = Mutation at junction of IVS II 


and coding sequence alters normal splice junction; @) = Mutation 
within IVS | creates a false splice signal (details in text). 


is dependent on the presence of specific sequences at 
the splice junctions that are recognized by the splicing 
enzymes. If these junctional sequences are altered by 
mutations, normal splicing is prevented and as a con- 
sequence abnormal mRNA is formed. The improperly 
spliced nuclear mRNA is degraded within the nucleus 
and thus globin synthesis fails to occur. In addition to 
defective mRNA processing, incomplete translation re- 
sulting from a single nucleotide mutation within the 
coding region of the globin gene has also been identified 
as a cause of B°-thalassemia. In summary, B°-thalasse- 
mias result mainly from defective processing of mRNA. 
Partial deletion of the B-globin gene and impaired 
translation of the mRNA have also been identified, but 
much less commonly. 

Much less is known about the molecular lesions in 
8*-thalassemia, but defects in mRNA processing are 
suspected. In some cases, a mutation within an intron 
that produces a site resembling a normal splice junction 
has been noted (Fig. 14-11@). During processing the 
splicing enzymes cut the nuclear mRNA within the 
intron at the site corresponding to the mutation. The 
improperly spliced mRNA with a portion of IVS still 
attached, is unstable, and cannot be used for B-globin 
synthesis. Since the normal junction between IVS I and 
the middle exon is not altered by the mutation, some 
normal splicing also occurs, giving rise to small amounts 
of mature cytoplasmic mRNA and B-globin chains. 
These lesions represent only a few of the defects in B- 
thalassemias. Many more remain to be discovered, but 
with modern methods of gene cloning we can be sure 
that most common mutations will be identified in the 
near future. 

PATHOPHYSIOLOGY OF ANEMIA. Two factors contrib- 
ute to the pathogenesis of anemia in B-thalassemia. 
Reduced synthesis of B-globin chains leads to lack of 
adequate HbA formation, so that the overall concentra- 
tions of Hb (MCHC) in the cells is lower and the cells 
are hypochromic. Much more important, especially with 
severe impairment of B-globin synthesis, are the effects 
of imbalance between a- and B-chain synthesis. Since 
synthesis of a-globin chains continues unimpaired, most 
of the chains produced cannot find complementary B 
chains to bind. The free a chains form highly unstable 
aggregates that precipitate within the red cell precursors 
in the form of insoluble inclusions. A variety of unto- 
ward effects follow, the most important being cell mem- 
brane damage leading to a loss of K* and impaired 
DNA synthesis. The net effect is destruction of the red 
cell precursors within the bone marrow, a phenomenon 
called ineffective erythropoiesis. It is estimated that 
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approximately 70 to 85% of the marrow normoblasts are 
destroyed in severely affected patients. The inclusion- 
bearing red cells derived from the nucleated precursors 
that escape intramedullary death are at an increased 
risk of destruction in the spleen. Because of poor 
deformability imposed by the intracellular aggregates, 
they are sequestered in the spleen where macrophages 
attempt to “pluck out” inclusions from these erythro- 
cytes, causing irreparable damage to the cell membranes 
in some cases. The damaged and defective red cells are 
eventually phagocytosed by the splenic macrophages, 
leading to a hemolytic state with considerable shortening 
of red cell survival. In severe B-thalassemia, marked 
anemia produced by ineffective erythropoiesis and he- 
molysis leads to several additional problems. Erythro- 
poietin secretion is stimulated, which leads to extensive 
expansion of the erythron within the bone marrow and 
often at extramedullary sites. Massive erythropoiesis 
within the bones invades the bony cortex, impairs bone 
growth, and produces other skeletal abnormalities de- 
scribed later. Extramedullary hematopoiesis involves 
the liver and spleen and in extreme cases produces 
extraosseous masses in the thorax, abdomen, and pelvis. 
Another disastrous effect seen in severe B-thalassemia 
(as well as other causes of ineffective erythropoiesis) is 
excessive absorption of dietary iron. Coupled with the 
iron accumulation due to repeated blood transfusions 
required by these patients, a severe state of iron over- 
load develops. Secondary injury to parenchymal organs, 
particularly the iron-laden liver, often follows (p. 924). 
CLINICAL SYNDROMES. The clinical classification of 
B-thalassemias is based on the severity of the anemia, 
which in turn is based on the type of genetic defect (B* 
or B°) as well as the gene dosage (homozygous or 
heterozygous). In general, individuals who are homo- 
zygous for the B-thalassemia genes (8* or B°), have very 
severe, transfusion-dependent anemia and are said to 
have B-thalassemia major. The presence of one normal 
gene in the heterozygotes usually leads to enough 
normal B-globin chain synthesis so that the affected 
individuals are usually asymptomatic with only a mild 
anemia. This condition is referred to as B-thalassemia 
minor or B-thalassemia trait. A third clinical variant is 
characterized by an intermediate degree of severity, the 
so-called B-thalassemia intermedia. These patients have 
severe anemia, but not enough to require regular blood 
transfusions. Genetically they are heterogeneous and 
include mild variants of homozygous ®*-thalassemia, 
some severe variants of heterozygous B-thalassemia 
(8°/B or B*/B) and double heterozygotes for the B* and 
B° genes (genotype B*/B°). The clinical and morphologic 
features of thalassemia intermedia will not be described 
separately but may be surmised from the following 
discussions of thalassemia major and minor. 
Thalassemia Major. The B-thalassemia genes are 
most frequent and thalassemia major is most common 
in Mediterranean countries and parts of Africa and 
Southeast Asia. In the United States, the incidence is 
highest in migrants from these areas. As indicated in 
Table 14-2, the genotype of these patients is usually 
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Table 14—2. CLINICAL AND GENETIC CLASSIFICATION OF THALASSEMIAS 


Clinical Nomenclature Genotype 


Disease Molecular Genetics 


A. Beta-Thalassemias 
|. Thalassemia major 1. Homozygous 


B°-thalassemia (8°/B°) 


2. Homozygous 
8*-thalassemia (B*/B*) 


Severe, requires blood 
transfusions regularly 
1. Rare gene deletions in 


B”/p° 


ll. Thalassemia BYB Severe, but does not require 2. Defects in processing or 
intermedia B*/B* regular blood transfusions translation of B-globin 
MRNA in B° as well as B* 
forms. 
lll. Thalassemia minor BY/B Asymptomatic with mild or 
B*/B absent anemia; red cell 
abnormalities seen 
B. Alpha-Thalassemias 
|. Silent carrier —a/aa Asymptomatic; no red cell 


(heterozygous a-thal-2) 


— —/aa (Asian) 
(heterozygous a-thal-1) 
2. —a/—a (Black African) 
(homozygous a-thal-2) 


ll. Alpha-thalassemia trait 1. 


— -/-a 
(double heterozygous: 
a-1 thal/a-thal-2) 


ill. HbH disease 


em Seed 


(homozygous a-thal-1) 


IV. Hydrops fetalis 


abnormality 
Asymptomatic, like 


B-thalassemia minor 
Gene deletions mainly 


Severe, resembles 
B-thalassemia intermedia 


Lethal in utero 


B*/B* or B°YB°. In some cases it is BY/B* (double 
heterozygotes, if the two parents are carriers of B* and 
B° genes). With all these genotypes the anemia is very 
severe and first becomes manifest six to nine months 
after birth, as hemoglobin synthesis switches from HbF 
to HbA. In untransfused patients, Hb levels range 
between 3 and 6 gm per dl. The peripheral blood smear 
shows severe abnormalities; there is marked anisocytosis 
(variation in size) with several small and virtually col- 
orless (hypochromic, microcytic) red cells. Abnormal 
forms, including target cells (so-called because the small 
amount of hemoglobin collects in the center), stippled 
red cells, and fragmented red cells are common. Inclu- 
sions representing aggregated a chains are usually not 
seen unless the spleen has been removed. Reticulocyte 
count is elevated but to an extent less than would be 
predicted from the severity of anemia. Variable numbers 
of normoblasts are usually seen in the peripheral blood. 
The red cells contain either no HbA at all (B°/B° geno- 
type) or very small amounts (B*/B* genotype). HbF is 
markedly increased and indeed constitutes the major 
hemoglobin of red cells. HbA, levels are variable, 
ranging from normal to moderately elevated. 


The major morphologic alterations, in addition to those 
characteristic of all hemolytic anemias, involve the bone 
marrow and spleen. In the typical patient there is striking 
expansion of the red marrow, virtually to the fetal level. The 
dominant change is a striking increase in the number of 
primitive nucleated erythroid precursors. The expansion of 
the marrow leads to thinning of the cortical bone, with new 
bone formation on the external aspect (Fig. 14-12). These 


changes are particularly evident in the maxilla and frontal 
bones of the face, sparing the mandible since it usually 
contains little marrow. The long bones, vertebrae, and ribs 
are similarly affected, and occasionally are rendered vulner- 
able to fracture. Marked splenomegaly and hepatomegaly 
result both from reticuloendothelial cell hyperplasia secon- 
dary to active erythrophagocytosis and from extramedullary 
hematopoiesis. The spleen may increase up to 1500 gm in 
weight. 

Hemosiderosis and even sometimes secondary hemo- 
chromatosis appear related to a number of factors. Many of 
these patients have received numerous transfusions, provid- 
ing a ready explanation for the iron overload. Ineffective 
erythropoiesis and possibly the chronic tissue hypoxia leads 
to increased intestinal absorption of iron. In any event, the 
hemosiderosis may have secondary consequences when 
the iron pigment accumulates in the myocardium, liver, or 
pancreas to induce organ injury. 


The clinical course of B-thalassemia major is gen- 
erally brief because, unless supported by transfusions, 
children suffer from growth retardation and die at an 
early age from the profound effects of anemia. Blood 
transfusions not only improve the anemia, but also 
suppress secondary features related to excessive eryth- 
ropoiesis. With transfusions, survival into the second 
and third decades of life is possible, but the overall 
outlook is grim. The clinical manifestations can largely 
be deduced from the hematologic and morphologic 
changes. In those who survive long enough the face 
becomes overlarge and somewhat distorted. Since the 
mandible is unaffected there is often malocclusion. 
Hepatosplenomegaly is usually present; the tissue hy- 
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poxia and systemic hemosiderosis may lead to delayed 
sexual development secondary to regressive changes in 
the gonads and other endocrine organs. Cardiac disease 
resulting from progressive iron overload and secondary 
hemochromatosis (p. 924) is an important cause of death 
even in patients who can otherwise be supported by 
blood transfusions. To reduce the amount of iron over- 
load, most patients also receive iron-chelators. Never- 
theless, the average age at death is 17 years. It is hoped 
that the recent remarkable success in cloning of globin 
genes will pave the way for gene therapy and eventual 
cure of these patients in the future. 

Thalassemia Minor. This is much more common 
than thalassemia major and understandably affects the 
same ethnic groups. In most cases these patients are 
heterozygotes for the B* or B° gene. Thalassemia trait 
is believed to offer resistance against falciparum malaria, 
accounting for its prevalence in those parts of the world 
where malaria is endemic. Almost invariably, individuals 
with the thalassemia trait are asymptomatic and anemia 
is very mild, if present. The peripheral blood smear 
usually shows some abnormalities affecting the red cells 
including hypochromia, microcytosis, basophilic stip- 
pling, and target cells. Mild erythroid hyperplasia is 
seen in the bone marrow. The red cell survival may be 
slightly shortened or normal. A characteristic finding on 
hemoglobin electrophoresis is an increase in HbA,, 
which may constitute 4 to 8% of the total hemoglobin 
(normal 2.5 + 0.3 %). HbF levels may be normal or 
slightly increased. Recognition of B-thalassemia trait is 
important on two counts: (1) its differentiation from the 
hypochromic microcytic anemia of iron deficiency and 
(2) genetic counseling. The importance of differentiating 
thalassemia trait from iron deficiency lies in the fact that 
the latter is benefited by iron therapy whereas the 
former may be worsened. In ®-thalassemia trait there 
is a slight increase in iron absorption due to modest 
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Figure 14-12. Thalassemia. X-ray of skull to show 
new bone formation on outer table producing perpen- 
dicular radiations characterized as a ‘crew haircut.” 


ineffective erythropoiesis, and therefore iron adminis- 
tration contributes to possible iron overload during later 
years. The distinction can usually be made by measure- 
ment of serum iron, total iron-binding capacity, and 
serum ferritin (p. 636). Hemoglobin electrophoresis is 
also helpful. 


ALPHA- THALASSEMIAS 


These disorders are characterized by reduced syn- 
thesis of a-globin chains. Since there are normally four 
a-globin genes, the severity of the clinical syndromes 
shows a great variation, depending on the number of 
defective a-globin genes. As in the case of B-thalasse- 
mias, the anemia stems both from lack of adequate 
hemoglobin and from the effects of excess unpaired non- 
a chains (B, y, 5). However, the situation is somewhat 
complicated by the fact that normally different non-a 
chains are synthesized at different times of develop- 
ment. Thus, in the newborn with a-thalassemia, there 
is an excess of unpaired y-globin chains, resulting in the 
formation of y,-tetramers called Hb Barts, whereas in 
adults the excess B-globin chains aggregate to form 
tetramers called HbH. Since the non-a chains in general 
form more soluble and less toxic aggregates than those 
derived from a chains, the hemolytic anemia and inef- 
fective erythropoiesis tend to be less severe than with 
B-thalassemias of similar degree of chain imbalance. All 
these factors make a-thalassemias somewhat distinctive, 
and we will briefly consider these below. 

MOLECULAR PATHOLOGY. Unlike 8-thalassemia in 
which gene deletion has been detected only infre- 
quently, the most common cause of reduced a-chain 
synthesis seems to be deletion of a-globin genes. As we 
shall discuss, one or all four of the a-globin genes may 
be deleted, giving rise to a wide range of clinical 
severities. Two other less common causes of reduced a- 


globin synthesis have also been recognized.'® One non- 
deletional form resembles B-thalassemia in that the a- 
globin genes are present but they fail to be processed 
and expressed normally. In another variant, a larger- 
than-normal portion of mRNA is translated owing to a 
mutation in the terminator codon, leading to the for- 
mation of an abnormal a globin called Hb Constant 
Spring. However, the mRNA of Hb Constant Spring is 
unstable, and only a very small amount of the abnormal 
a-globin chain is synthesized. 

CLINICAL SYNDROMES. These are classified on the 
basis of the number and position of the a-globin genes 
deleted, which in turn determine the clinical syndrome. 
It will be useful at this point to recall that a-globin 
genes occur in linked pairs on each of the two chromo- 
somes 16 (Fig. 14-9). Each a gene normally contributes 
approximately 25% of the a-globin chains and may be 
deleted independently of the other a-globin genes. The 
terminology of a-thalassemias is varied and at times 
confusing, and is best considered along with Table 
14-2, in which clinical terms and their genetic equiva- 
lents are presented along with the salient clinical fea- 
tures. Capsule descriptions follow. 

Silent Carrier State. This is characterized by the 
deletion of a single a-globin gene and barely detectable 
reduction in a-globin chain synthesis. These individuals 
carrying three normal a-globin genes are completely 
asymptomatic and do not have anemia. They can, how- 
ever, transmit the mutation to their offspring, who could 
develop a symptomatic form of a-thalassemia if the 
other parent also carries one or more a-globin muta- 
tions. 

Alpha-Thalassemia Trait. This is characterized by 
deletion of two a-globin genes. The involved genes may 
be from the same chromosome (with the other chro- 
mosome carrying the two normal genes), or one a- 
globin gene may be deleted from each of the two 
chromosomes (see Table 14—2). The former genotype is 
more common among Asian populations, whereas the 
latter is seen in those of African origin. Both these 
genetic patterns produce similar quantitative deficien- 
cies of a-globin chains and therefore are identical clin- 
ically, but the position of deleted genes makes a big 
difference to the likelihood of severe a-thalassemia 
(HbH disease or hydrops fetalis) in the offspring. As is 
evident from Table 14-2, in black African populations 
where the two a genes are deleted from two separate 
chromosomes, mating of two individuals with the a- 
thalassemia trait would not result in progeny with HbH 
disease or hydrops fetalis. 

The clinical picture in a-thalassemia trait is iden- 
tical to that described for B-thalassemia minor, i.e., 
minimal or no anemia and no abnormal physical signs. 
The peripheral blood shows microcytic hypochromic red 
cells. Clinically it has to be distinguished from B- 
thalassemia minor and iron deficiency anemia. Unlike 
B-thalassemia trait, hemoglobin electrophoresis fails to 
show elevated HbA, and HbF. In the newborn with a- 
thalassemia trait, some Hb Barts (y tetramers) may be 
detected in the red cells, but this disappears in the 
adult. The diagnosis therefore is made mainly by exclu- 
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sion and is important for genetic counseling as well as 
for avoiding unnecessary iron therapy. 

Hemoglobin H Disease. This is associated with dele- 
tion of three of the four a-globin genes. As already 
discussed, HbH disease is seen mainly in Asian popu- 
lations and rarely in those of African origin. With only 
one normal a-globin gene the synthesis of a chains is 
markedly suppressed and unstable tetramers of excess 
8 globin are formed. These tetramers, called HbH, are 
considerably more soluble than the a-chain tetramers 
found in B-thalassemia. As such, the manifestations of 
HbH disease are milder than those of homozygous B- 
thalassemia and clinically resemble B-thalassemia inter- 
media. The hemoglobin value ranges from 7 to 10 gm 
per dl and the red cell abnormalities are similar to those 
in the other thalassemic syndromes. Inclusions of HbH 
can be demonstrated by incubation of red cells with 
brilliant cresyl blue in vitro. Oxidized HbH is precipated 
by this procedure since it is unable to withstand oxida- 
tive stress. This property of HbH is the major cause of 
anemia, since older red cells with precipitates of oxi- 
dized HbH are removed by the spleen. Since the 
senescent red cells are the ones most likely to be 
affected, ineffective erythropoiesis is not a significant 
factor in the pathogenesis of anemia. HbH, which forms 
5 to 30% of the hemoglobin, can be detected as a fast- 
moving band in electrophoresis. 

Hydrops Fetalis. This is the most severe form of a- 
thalassemia, resulting from the deletion of all four a- 
globin genes. In the fetus, excess y-globin chains form 
tetramers (Hb Barts) that have extremely high oxygen 
affinity but are unable to deliver the oxygen to tissues. 
Severe tissue anoxia associated with this condition in- 
variably leads to intrauterine fetal death. The fetus 
shows severe pallor, generalized edema, and massive 
hepatosplenomegaly similar to that seen in erythroblas- 
tosis fetalis (p. 487). 


Anemias 


Paroxysmal Nocturnal Hemoglobinuria (PNH) 


This rare disorder of unknown etiology is charac- 
terized by chronic intravascular hemolysis that tends to 
get worse during the night. The basic mechanism caus- 
ing hemolysis seems to be unusual sensitivity of the red 
blood cells to complement-mediated lysis. To explain 
this exquisite susceptibility, some defect in the red cell 
membrane has been proposed, but it has not been 
possible to find any distinctive biochemical or morpho- 
logic abnormality in PNH red cells. Recent evidence 
suggests that the membrane defect in PNH is not 
restricted to red blood cells, since platelets and granu- 
locytes are also more sensitive to lysis by complement. 
In addition, nonlytic interactions between their cell 
membranes and complement produce functional abnor- 
malities manifested by a striking predisposition to intra- 
vascular thromboses and infections.'” In light of these 
findings, PNH is now considered to be a-disorder of 
pluripotent myeloid stem cells resulting from the pro- 
liferation of an abnormal clone of cells. This hypothesis 
is supported by the occasional transformation of PNH 
into other disorders of myeloid stem cells, including 
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aplastic anemia (p. 638) and acute leukemia. The initi- 
ating event in all these cases may be a somatic mutation 
but the nature of the mutagenic event remains myste- 
rious. The association of PNH with aplastic anemia 
suggests that marrow injury by drugs or chemicals may 
be involved. 

Patients classically have intravascular hemolysis, 
which is paroxysmal and nocturnal only in 25% of cases. 
Most of the remaining patients have chronic hemolysis 
without dramatic hemoglobinuria. Over the long course 
of the disease, hemosiderinuria with loss of iron leads 
eventually to iron deficiency (Fig. 14-13). The other 
clinical manifestations include multiple episodes of ve- 
nous thromboses in the hepatic, portal, or cerebral 
veins, which are fatal in 50% of cases. Infection related 
to granulocytopenia or abnormal leukocyte functions is 
also prominent. The course of this disease is chronic, 
with a median survival of ten years. 


Autoimmune Hemolytic Anemias (AHAs) 


Hemolytic anemias in this category are caused by 
extracorpuscular mechanisms. Although commonly re- 
ferred to as autoimmune hemolytic anemias (AHAs), 
many prefer the designation immunohemolytic anemias, 
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Figure 14-13. Paroxysmal hemoglobinuria. Dark renal tubules are 
heavily laden with hemosiderin in a 37-year-old patient with multiple 
recurrent hemolytic episodes. 
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Table 14-3. CLASSIFICATION OF AUTOIMMUNE HEMOLYTIC 
ANEMIAS 


|. Warm antibody AHA. Here the antibody is of the IgG type, 
does not usually fix complement, and is active at 37°C 
A. Primary or idiopathic 
B. Secondary to: 
1. Lymphomas and leukemias 
2. Other neoplastic diseases 
3. Autoimmune disorder (particularly SLE) 
4. Drugs 
Il. Cold agglutinin AHA. Here the antibodies are IgM and are 
most active in vitro at O-4°C. The antibody fixes complement 
at warmer temperatures, but agglutination of cells by IgM and 
complement only occurs in the peripheral cool parts of the 
body. Antibodies dissociate at 30°C or above 
A. Acute (mycoplasma infection, infectious mononucleosis) 
B. Chronic 
1. Idiopathic 
2. Associated with lymphoma 
Ill. Cold hemolysins (paroxysmal cold hemoglobinuria). In this 
condition, IgG antibodies bind to red cells at low temperature, 
fix complement and cause hemolysis when the temperature is 
raised to 30°C 


because in some instances the immune reaction is 
initiated by drug ingestion. They may occur as primary 
disorders in the absence of an underlying disease or 
may be secondary to some predisposing condition such 
as lymphoma, carcinoma, viral infection, or drug inges- 
tion. In all instances, however, the hemolysis is related 
to the appearance of anti—red cell antibodies.!* These 
immunohemolytic disorders have been classified in var- 
ious ways but most commonly on the basis of the specific 
nature of antibody involved (Table 14—3). 

Whatever the antibody, the differentiation of AHA 
from other forms of hemolytic anemia depends on 
demonstration of the existing antibodies. The major 
diagnostic criterion is the Coombs antiglobulin test, 
which relies on the capacity of the antibodies prepared 
in animals against human globulins to agglutinate red 
cells if these globulins are present on red cell surfaces. 
The temperature dependence of the autoantibody would 
further help specify the type of antibody. Quantitative 
immunologic methods to measure these autoantibodies 
directly are now available. 


WarRM ANTIBODY AHA 


In about two-thirds of patients, the condition is 
idiopathic and primary. In the remaining one-third, 
there is an underlying predisposing condition, as men- 
tioned in Table 14-3, or some drug exposure to thus 
produce a secondary form of AHA. Although autoanti- 
bodies are present in both groups (mainly IgG although 
occasionally IgA) and may cause hemolysis within the 
bloodstream when present in high titers, most of the 
red cell destruction in this form of hemolytic disease is 
not due simply to red cell lysis. Indeed, exposure of 
normal red blood cells to IgG antibodies and comple- 
ment does not lead to hemolysis in vitro. In vivo, 
however, IgG-coated red cells are bound to Fc receptors 
on monocytes and splenic macrophages, and undergo 
spheroidal transformation.'!® This process results from a 


partial loss of the red cell membrane by attempted 
phagocytosis of the IgG-coated cell. The ability to cause 
this interaction is greatest with IgG of subclasses 1 and 
3 (the most common subclasses). The spherocytes are 
then sequestered and removed in the spleen, the major 
site of red cell destruction in this disorder. Thus, 
moderate-to-severe splenomegaly is characteristic of this 
form of AHA. 

A number of theories have been proposed to explain 
the appearance of red cell-directed antibodies. One 
theory postulates that an antigenic change in the red 
cell membrane initiates the immune reaction. Another 
suggests loss of self-recognition by the immune system 
owing to mechanisms discussed earlier for other autoim- 
mune disorders (p. 177). Best documented is the manner 
by which certain drugs induce AHA. Three different 
immunologic mechanisms have been implicated.” 

Hapten Model. The drug—exemplified by penicil- 
lin—may act as a hapten, and combine with the red cell 
membrane to produce antibody directed against the red 
cell—-drug complex, resulting in the destructive se- 
quence cited above. 

Immune Complex Model. The drug serving as a 
hapten binds to a plasma protein and the drug-protein 
complex evokes antibodies. The resultant immune com- 
plexes nonspecifically attach to the red blood cell mem- 
brane, fixing complement and causing severe intravas- 
cular lysis. Here the red celB‘are “innocent bystanders. ” 
The red cell destruction, however, may also be extra- 
vascular. In the extravascular mechanism the immune 
complexes bind to monocytes and macrophages through 
Fc receptors, and spherocytosis and splenic sequestra- 
tion ensue. Thus, the immune complexes lead to red 
cell destruction through one of two mechanisms, or 
possibly both. Quinidine and phenacetin are prototype 
drugs responsible for this form of hemolysis. 

Autoantibody Model. The drug, such as the antihy- 
pertensive agent a-methyldopa, in some manner initi- 
ates the production of antibodies that are directed aginst 
intrinsic red cell antigens, in particular the Rh blood 
group antigens. A typical positive IgG Coombs test 
without evidence of activation of complement makes 
these patients identical with those having the idiopathic, 
so-called autoantibody variety of AHA. In essence, the 
drug initiates an autoantibody reaction. 


CoLD AGGLUTININ AHA 


This form of immune hemolytic anemia is caused 
by IgM antibodies that have enhanced activity at tem- 
peratures below 30°C. Cold agglutinins occur acutely 
during the recovery phase of certain infectious disorders 
such as Mycoplasma pneumonia and infectious mono- 
nucleosis. In the former, the antibodies are directed 
against the I antigen (closely related to the ABO anti- 
gens). In the latter, the antibodies are mainly targeted 
on the i allelic antigen. This form of AHA is self-limited 
and rarely induces clinical manifestations of hemolysis. 
Chronic cold agglutinins occur with lymphoproliferative 
disorders and as an idiopathic condition. The antibodies 
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produced are usually monoclonal, suggesting that the 
underlying basis is similar to that of other monoclonal 
gammopathies (p. 688). The clinical symptoms result 
from an in vivo agglutination of red cells and fixation of 
complement in distal body parts where the temperature 
may drop to below 30°C. The antibody exerts its he- 
molytic effect predominantly by fixation of C’3 to the 
red blood cell surface, making them more susceptible 
to phagocytosis.” For some obscure reason, the liver is 
more efficient in recognizing and sequestering the C’3- 
coated red cells than the spleen; thus, splenomegaly is 
uncommon in this condition. The hemolytic anemia 
usually is not severe, but vascular obstruction by red 
cell agglutinates results in pallor, cyanosis of the body 
parts exposed to cold temperatures, and Raynaud's 
phenomenon. 


Anemias 


CoLD HEMOLYSIN AHA 


Destruction of red cells in this variant occurs within 
the intravascular compartment. These autoantibodies 
are characteristic of the disease paroxysmal cold hemo- 
globinuria (PCH), which is noted for acute intermittent 
massive hemolysis, frequently with hemoglobinuria, fol- 
lowing exposure of the afflicted patient to cold. Lysis is 
clearly complement dependent. The autoantibodies are 
IgG in nature and are directed against the P blood 
group antigen; they attach to the red cells and bind 
complement at low temperatures. When the tempera- 
ture is elevated, the hemolytic action is mediated by 
the complement sequence, through activation of the 
lytic C’5-9 complex. The antibody is also known as the 
Donath-Landsteiner (DL) antibody; previously associ- 
ated with syphilis. Today, most cases of PCH follow 
various infections such as mycoplasma, measles, mumps, 
and some ill-defined viral and “flu” syndromes. Some 
cases are idiopathic. Attacks are associated with hemo- 
globinuria, muscular pain, and fever, which disappear 
when the infections resolve. The idiopathic variety has 
a prolonged benign course, the patients being asymp- 
tomatic between attacks. The mechanisms responsible 
for the production of such autoantibodies are unknown. 


Hemolytic Anemia Resulting from Trauma to Red 
Cells | 


Fragmentation of red blood cells when exposed to 
physical trauma may be severe enough to give rise to 
significant intravascular hemolysis. Clinically important 
are the hemolytic anemias associated with insertion of 
valve prostheses and diffuse deposition of fibrin in the 
microvasculature. In addition to immediate rupture, a 
wide variety of erythrocytic abnormalities are produced 
and are recognized in the peripheral blood film as burr 
cells, helmet cells, and triangle cells, as well as frag- 
ments of erythrocytes (schistocytes). Hemolysis due to 
narrowing or obstructions in the microvasculature is 
called microangiopathic hemolytic anemia. This form of 
anemia is encountered in disseminated intravascular 
coagulation (DIC), thrombotic thrombocytopenic pur- 
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pura (TTP), the hemolytic-uremic syndrome, malignant 
hypertension, renal cortical necrosis, systemic lupus 
erythematosus (SLE), and metastatic adenocarcinoma. 
The common denuminator is the presence of some 
vascular lesion. In DIC, the microthrombi constitute 
the point of impaction. In malignant hypertension, it is 
the markedly narrowed arterioles. In SLE, it is the 
necrotizing arteritis and arteriolitis. In patients with 
prosthetic heart valves, the red cells are damaged by 
the shear stress resulting from the turbulent blood flow 
and abnormal pressure gradients caused by artificial 
heart valves.” 

In most of these settings, the hemolysis is only a 
minor part of the clinical problem, and these patients 
rarely exhibit the morphologic changes encountered in 
the more chronic hemolytic diseases discussed earlier. 


ANEMIAS OF DIMINISHED ERYTHROPOIESIS 


It is astonishing to realize that in man approximately 
9 billion red cells are normally destroyed hourly! Unless 
erythropoiesis can maintain this pace, anemia must 
develop. Diminished erythropoiesis can occur under a 
number of conditions. A major category constitutes a 
deficiency of some vital substrate that may lead to 
impaired proliferation or maturation of the erythroid 
cells. Included in this group are iron deficiency anemias 
in which heme synthesis is impaired, and anemia of 
vitamin B,, and folate deficiency characterized by defec- 
tive DNA synthesis (megaloblastic anemias). Another 
major category of decreased erythropoiesis can be 
loosely termed “marrow stem cell failure,” which em- 
braces such conditions as aplastic anemia, pure red cell 
aplasia, and anemia of renal failure Aplastic anemias 
are associated with marrow hypoproliferation, but in 
nutrient deficiency anemias, even though the marrow 
is functionally hypoactive, it may be very cellular, as 
documented in the following discussion. 


Megaloblastic Anemias 


The following discussion will attempt first to char- 
acterize the major features of these anemias and then 
to discuss the two principal types of megaloblastic 
anemia: (1) pernicious anemia (PA), the major form of 
vitamin B,, deficiency anemia; and (2) folate deficiency 
anemia. 

The megaloblastic anemias constitute a diverse 
group of entities, having in common a typical morpho- 
logic pattern in the blood and bone marrow. As the 
name implies, the erythroid precursors and erythrocytes 
are abnormally large, thought to be related to impair- 
ment of cell maturation and division. The peripheral 
blood reveals marked variation in the size and shape of 
red cells (anisocytosis), which are nonetheless normo- 
chromic. Many erythrocytes are macrocytic and oval 
shaped (macro-ovalocytes) with mean corpuscular vol- 
umes (MCVs) over 100 > (normal 82 to 92). Because 
they are thicker than normal and well filled with hemo- 
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globin, most macrocytes lack the central pallor of normal 
red cells. The reticulocyte count is lower than normal 
and, occasionally .with severe anemia, nucleated red 
cells appear in the circulating blood. Neutrophils too 
are larger than normal (macropolymorphonuclear) and 
are hypersegmented, i.e., have five to six or more 
nuclear lobules. The marrow is hypercellular and the 
megaloblastic change is detected in all stages of red cell 
development. The most primitive cells (promegalo- 
blasts) are large, with a deeply basophilic cytoplasm and 
a distinctive fine chromatin pattern in the nucleus (Fig. 
14-14). As these cells differentiate and begin to acquire 
hemoglobin, the nucleus retains its finely distributed 
chromatin and thus fails to undergo the chromatin 
clumping typical of the normoblast. Indeed, the devel- 
opment of a dense pyknotic nucleus, which occurs in 
the normal sequence of erythropoiesis, is delayed or 
fails to occur, creating an apparent asynchronism or 
dissociation between the cytoplasmic maturation and 
nuclear maturation. Analogously, the granulocytic pre- 
cursors also reveal nuclear-cytoplasmic asynchrony, 
yielding giant metamyelocytes and band forms and 
hypersegmentation of the neutrophils, previously men- 
tioned. Megakaryocytes, too, may be abnormally large 
and have bizarre, multilobate nuclei, but sometimes 
they appear relatively normal. With increased cellular- 
ity, much or all of the normally fatty marrow may be 
converted to red marrow. The erythroid/myeloid ratio, 
normally 1:3, may be transformed to 1:1. Nuclear- 
cytoplasmic asynchrony becomes apparent in all cells 
having a relatively rapid turnover, so megaloblastic and 
atypical cytologic alterations appear in the mucosal 
epithelium of the gastrointestinal tract, principally 
within the stomach. 


Figure 14-14. Marrow smear from a patient with pernicious anemia. 
Two megaloblasts are seen above and a “macropoly” below. 


PATHOPHYSIOLOGY. The fundamental causes of the 
megaloblastic change, or (to paraphrase Kass) why the 
megaloblast is a megaloblast at all and why a deficiency 
of B,, or folate should cause cells to enlarge and result 
in anemia, are still unanswered questions.” Later we 
shall consider some of the metabolic role of B,, and 
folate, but for here it suffices that vitamin B,, and folic 
acid are coenzymes in the DNA synthetic pathway. A 
deficiency of these vitamins or impairment in their 
utilization results in deranged or inadequate synthesis 
of DNA. The synthesis of RNA and protein is unaffected, 
however, so there is cytoplasmic enlargement not 
matched by DNA synthesis, which appears to delay or 
block mitotic division. Two consequences stem from 
this cytologic derangement: (1) ineffective erythropoiesis 
and (2) the production of abnormal erythrocytes prone 
to hemolytic destruction. 

Ineffective erythropoiesis may have several origins. 
The delay in nuclear maturation would reasonably be 
expected to slow production of red cells. In addition, 
there is intramedullary destruction of megaloblasts, 
which undergo autohemolysis more readily than nor- 
moblasts and are more vulnerable to phagocytosis by 
reticuloendothelial cells in the marrow than normal 
erythroid precursors. Premature destruction of granu- 
locytic and platelet precursors also occurs, resulting in 
leukopenia and thrombocytopenia. The basis of the 
increased extramedullary hemolysis of the erythrocytes 
is not entirely clear. Both an intracorpuscular defect, 
related perhaps to the defective red cells and a poorly 
characterized plasma factor, are believed to contribute. 
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As in other hemolytic states, accelerated destruction of 
the red cells may lead to anatomic signs of mild-to- 
moderate iron overload after several years (p. 924). 

The major causes of megaloblastic anemia are listed 
in Table 144. 

It is evident that there are many bases for vitamin 
B,, deficiency, as pointed out on page 418. Inadequate 
diet is obvious but must be present for many years to 
deplete the reserves. Gastrectomy removes the source 
of intrinsic factor (IF). Ileal resection or diffuse ileal 
disease would remove or damage the site of IF-B,, 
complex absorption. Tapeworm infestation, by compet- 
ing for the nutrient, could induce a deficiency state. 
Under some circumstances, e.g., pregnancy, hyperthy- 
roidism, and disseminated cancer, the demand for vi- 
tamin B,, might be so great as to produce a relative 
deficiency, even with normal levels of absorption. The 
feature that sets pernicious anemia apart from the other 
vitamin B,, deficiency megaloblastic anemias is the cause 
of the B,, malabsorption: a lack of intrinsic factor (IF). 


Anemias 


PERNICIOUS ANEMIA (PA) 


The basis of the defective absorption of vitamin B,, 
in this form of megaloblastic anemia is chronic atrophic 
gastritis (p. 810) with failure of production of IF. In 
childhood, “juvenile” pernicious anemia is not related 
to atrophic gastritis. The designation “pernicious” ane- 
mia is somewhat misleading, since the present availa- 
bility of synthetic B,, makes possible treatment and, to 
a large extent, control of this disease. Nonetheless, long 


Table 14—4. CAUSES OF MEGALOBLASTIC ANEMIA 


Vitamin B,, Deficiency 
Decreased intake 


Inadequate diet 


Impaired absorption 
Intrinsic factor deficiency 
Pernicious anemia 
Gastrectomy 
Malabsorption states 
Diffuse intestinal disease—lymphoma, scleroderma, etc. 
lleal resection, ileitis 
Competitive parasitic uptake 
Fish tapeworm infection 
Bacterial overgrowth in blind loops and diverticula of bowel 


Increased requirement 


Folic Acid Deficiency 
Decreased intake 


Pregnancy, hyperthyroidism, disseminated cancer 


Inadequate diet—alcoholism, infancy 


Impaired absorption 
Malabsorption states 
Intrinsic intestinal disease 
Anticonvulsants, oral contraceptives 


Hemodialysis 
Increased requirernent 
Impaired utilization 


Unresponsive to Vitamin B,, or Folic Acid Therapy 


Pregnancy, infancy, disseminated cancer, markedly increased hematopoiesis 
Folic acid antagonists 


Metabolic inhibitors, e.g., mercaptopurines, fluorouracil, cytosine, etc. 
Unexplained disorders 
Pyridoxine and thiamin-responsive megaloblastic anemia 
Erythremic myelosis (Di Guglielmo’s syndrome) 


Modified from Beck, W. S.: Megaloblastic anemias. |. Vitamin B,, deficiency. In Beck, W. S. (ed.): Hematology. 2nd ed. Cambridge, Mass., 


M. |. T. Press., 1977, p. 71. 
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historic usage and the need to set PA apart from the 
other B,, deficiency states justifies the continued use of 
this name. It is well to discuss first the economy of 
vitamin B,, in the body, to place PA in perspective 
relative to the other forms of vitamin B,, deficiency 
anemia. 

Vitamin B,, is a complex organometallic compound 
containing a cobalt atom within a corrin ring (very 
similar to the porphyrin ring) trivially known as cobal- 
amin. The therapeutic synthetic form of vitamin B,, is 
a stable cyanocobalamin that must be converted to the 
biologically active forms before it can enter into reac- 
tions. Since B,, cannot be synthesized in the human 
body, it must be derived from the diet, principally in 
meat and dairy foods. The daily requirement of this 
nutrient is 2 to 3 wg; the normal diet contains consid- 
erably larger amounts. The total body pool is 2 to 5 mg, 
and hence, even with grossly inadequate diets, several 
years must elapse before the reserves are depleted. 
Absorption of vitamin B,, requires IF, which is secreted 
by the parietal cells of the fundic mucosa along with 
HC]. After peptic digestion of vitamin B,,-containing 
foods, the liberated vitamin is bound to IF, creating a 
stable complex that resists peptic digestion and passes 
to the ileum. Evidence indicates that, in addition to IF, 
other B,,-binding proteins within the gastric juice (R 
binders) may also play a role in the intraluminal trans- 
port of vitamin B,,.”* It is suggested that some or all of 
the vitamin B,, is bound first to R proteins in the 
stomach and then released in the duodenum by pan- 
creatic proteases. It is here that IF-B,, complex is 
formed, which is then carried to the ileum. In the ileum 
the mucosal receptors bind the complex and, by mech- 
anisms that are still uncertain, B,, traverses the plasma 
membrane to enter the mucosal cell. It is picked up 
from the cell by a plasma protein, transcobalamin IJ, 
which is capable of delivering it to the liver and cells of 
the body, particularly the rapidly proliferating pool in 
the bone marrow and mucosal lining of the gastrointes- 
tinal tract. Other plasma-binding proteins, known as 
transcobalamin I and transcobalamin IIJ, have been 
identified, but their role is still somewhat unclear. 

There are only two reactions in man known to need 
B,,. Methylcobalamin is an essential cofactor for the 
enzyme N°-methyltetrahydrofolate-homocysteine methyl- 
transferase involved in the conversion of homocysteine 
to methionine (Fig. 14-15). In the process, methylco- 
balamin yields its methyl group and is regenerated from 
N°-methyltetrahydrofolic acid (N°-methyl-FH,), the 
principal form of folic acid in plasma, which is thus 
converted to tetrahydrofolic acid (FH,). The FH, is 
crucial since it is required (through its derivative 
N® !°methylene FH,) for the conversion of deoxyuridine 
monophosphate (dUMP) to deoxythymidine monophos- 
phate (dTMP), which is an immediate precursor of 
DNA. It has been postulated that the fundamental cause 
of impaired DNA synthesis in B,, deficiency is the 
reduced availability of FH,, since most of it is “trapped” 
as N°-methyl-FH,. Although the methyltetrahydrofolate 
trap hypothesis is supported by some experimental 
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dUMP 


Thymidylate 


5-10 —_—— 
N°-"-methylene FH, “—~ synthetase 


dTMP ——————-» DNA 


FH, Methylcobalamin Homocysteine 
N°-methy| me Cobalamin x Methionine 
Figure 14-15. Relationship between vitamin B,. and folic acid 
metabolism in synthesis of DNA. 


evidence, this issue is not resolved. Other investigators 
have suggested an alternative explanation that can best 
be dubbed the formate starvation hypothesis.” Accord- 
ing to this view, the “internal” folate deficiency resulting 
from the lack of vitamin B,, is not primarily due to 
trapping of tetrahydrofolate but to failure to synthesize 
the metabolically active polyglutamate forms of folates. 
The synthesis of folate polyglutamates requires the 
single carbon formate groups derived from methionine, 
which in turn is generated by a B,,-dependent reaction 
(Fig. 14-15). In the formate starvation hypothesis, the 
importance of vitamin B,, is shifted from its role in the 
generation of FH, to the formation of methionine, which 
acts as the source of formate. Since the formation of 
both FH, and methionine are dependent on the availa- 
bility of vitamin B,,, the two hypotheses are not mu- 
tually exclusive, but their relative contributions to the 
origins of megaloblastic anemia remain to be estab- 
lished. 

Neurologic complications appear with vitamin B,, 
deficiency but are an even greater enigma. Since the 
administration of folic acid, which relieves the megalo- 
blastic anemia of B,, deficiency, fails to improve the 
neurologic deficit, internal folate deficiency must not be 
involved. It was stated earlier that only two reactions in 
man are known to require B,. In addition to the 
transmethylation reaction discussed above, cobalamin is 
involved in the isomerization of methylmalonyl coen- 
zyme A to succinyl coenzyme A, requiring adenosyl 
cobalamin as a prosthetic group on the enzyme meth- 
ylmalonyl-coA mutase. A deficiency of B,, thus leads to 
increased levels of methylmalonate, excreted in the 
urine as methylmalonic acid. Interruption of the succinyl 
pathway with the buildup of increased levels of meth- 
ylmalonate and propionate (a precursor) could lead to 
the formation of abnormal fatty acids that may be 
incorporated into neuronal lipids. This biochemical ab- 
normality may predispose to myelin breakdown and 
thereby produce some of the neurologic complications 
of B,, deficiency (p. 1421). An alternative explanation is 
suggested by some recent experiments in which mon- 
keys exposed to N,O developed a neuropathy clinically 
resembling the neuropathy of vitamin B,, deficiency in 
man.” N,O inactivates an enzyme required for methi- 


onine synthesis, and therefore exposed animals can be 
protected from developing the neural changes by addi- 
tion of methionine to their diet. Since vitamin B,, is an 
essential cofactor in the generation of methionine, it is 
postulated that deficiency of methionine or its products 
may be the common denominator responsible for neu- 
rologic changes in pernicious anemia and in experimen- 
tal animals exposed to N,O. 

INCIDENCE. Although somewhat more prevalent in 
Scandinavian and “English-speaking” populations, PA 
occurs in all racial groups. It is slightly more common 
in males than in females and generally is diagnosed in 
the fifth to eighth decades of life. Whether or not there 
is a genetic predisposition to this disease is still unclear. 
Familial clusterings have been noted, but no definable 
genetic pattern of transmission has been discerned. An 
increased frequency of HLA-DR-2 and -DR-4 antigens 
has been reported, suggesting a possible immunologic 
basis for the development of pernicious anemia, dis- 
cussed below.’ 

PATHOGENESIS. Chronic atrophic gastritis underlies 
the adult form of pernicious anemia, but its origin is 
still unknown. The mucosal atrophy is marked by a loss 
of parietal cells, a prominent infiltrate of lymphocytes 
and plasma cells, and megaloid and atypical nuclear 
changes in the mucosal cells similar to those found in 
the bone marrow. A number of immunologic reactions 
are associated with these morphologic changes. Three 
types of antibodies are present in many, but not all, 
patients with PA. About 75% of patients have an anti- 
body that blocks B,,-IF binding, referred to as a blocking 
antibody. In the serum these are predominantly IgG, 
but may also be IgA. These are also found in the gastric 
juice, but here IgA antibodies predominate.”® A second 
type, known as binding antibody, reacts with both IF 
or IF-B,, complex and is found in about 50% of patients. 
It is present in the serum and gastric juice and can also 
be identified by immunofluorescent techniques in 
plasma cells in the gastric mucosa. It does not occur in 
the absence of the blocking antibody. The third type of 
antibody present in 85 to 90% of patients localizes in 
the microvilli of the canalicular system of the gastric 
parietal cell, sometimes referred to as parietal cana- 
licular antibody. However, some patients with PA 
have none of these antibodies, and this has directed 
attention to possible cell-mediated immune reponses. 
Although in some patients there is evidence of T-cell 
reactions to IF (i.e., blast transformation and positive 
migration-inhibition tests), the frequency of these find- 
ings has not been established. 

The meaning of the immunologic changes and their 
origin in patients with PA remain unestablished. You 
recall that up to 25% of patients with PA may not have 
any one of the two IF antibodies. Yet it is rare to find 
antibodies to IF in the presence of completely normal 
B,, absorption.® The fact that these antibodies can be 
synthesized in the gastric mucosa and that they can 
inhibit the absorption of B,,, when present in the gastric 
juice, suggests that they may play a role in the patho- 
genesis of vitamin B,, malabsorption. The parietal cana- 
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licular antibodies conceivably could cause the critical 
loss of parietal cells. Although detected in most patients, 
these antibodies are much less specific since they can 
be found in up to 50% of elderly patients with idiopathic 
chronic gastritis not associated with PA. It is tempting 
to propose that the immunologic abnormalities are 
causally related to the impaired absorption of vitamin 
B,,., but it could be argued that the gastric atrophy is 
primary and of unknown cause, and that the immuno- 
logic changes are merely reactions to gastric mucosal 
injury. Favoring their primacy is the significant associ- 
ation between PA and autoimmune diseases affecting 
the thyroid and adrenal glands. Furthermore, an in- 
creased frequency of serum antibodies to intrinsic factor 
has also been reported in patients with other autoim- 
mune diseases, particularly autoimmune thyroiditis and 
adrenalitis.* The great majority of these patients do not 
have PA, although some may develop the hematologic 
disorder in time. 


Anemias 


MORPHOLOGY. The major specific changes in PA 
are found in the bone marrow, alimentary tract, and 
central nervous system. Widespread nonspecific altera- 
tions incident to the generalized tissue hypoxia and 
abnormal hemolysis of blood may be present. 

The bone marrow of untreated pernicious anemia is 
soft, red, jelly-like, and extremely hypercellular. It extends 
into the areas formerly occupied by fatty marrow. Sometimes 
this expansion extends to extramedullary hematopoiesis in 
the spleen and liver. Histologically, there is marked eryth- 
ropoietic hypercellularity in which the erythroid elements 
sometimes equal or even outnumber the myeloid elements. 
The most striking characteristic is the appearance of 
nests of megaloblasts (Fig. 14-16). The earliest cells 
(promegaloblasts) are larger than pronormoblasts and have 
an abundant, deeply basophilic cytoplasm and a finely 


granular dispersion of chromatin within the nuclei. The 


nucleoli are large. As the megaloblasts differentiate, the 
immaturity of the nuclei contrasts with the apparent maturity 
of the cytoplasm. For example, orthochromatic megalo- 
blasts have a large amount of pink, well-hemoglobinized 
cytoplasm but the nucleus, instead of becoming pyk- 
notic, remains relatively large and immature. There may 
be a relative increase in the number of leukopoietic elements, 
but more striking is the presence of mature, large, polymor- 
phonuclear leukocytes, the “macropolys.” These cells char- 
acteristically have large nuclei, sometimes with six to seven 
individual lobes. Megakaryocytes may have similar changes. 

With therapy, the megaloblasts, macrocytes, and mac- 
ropolys disappear. Normal maturation and erythropoiesis 
reappear and are reflected in a great increase in the number 
of normoblasts and their descendants, as well as reticulo- 
cytes in the peripheral blood. 

In the alimentary system, abnormalities are regularly 
found in the tongue and stomach. The tongue is shiny, 
glazed, and “beefy” (atrophic glossitis). The changes in 
the stomachs of adults are those of atrophic gastritis (p. 
810). These atrophic changes are usually completely absent 
from juvenile patients with pernicious anemia. In the atrophic 
stomach, the submucosal vessels are readily visible and so 
produce a shiny red mucosal surface. The most character- 
istic histologic alteration is the atrophy of the fundic glands, 
affecting both chief cells and parietal cells. The parietal cells 
are virtually absent. The glandular lining epithelium is 
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Figure 14-16. Pernicious anemia. Two nests of darkly stained 
megaloblasts in bone marrow. 


metaplastically replaced by mucus-secreting goblet cells that 
resemble the lining of the large intestine, a change referred 
to as intestinalization. Some of the cells as well as their 
nuclei may increase to double the normal size. Presumably, 
these enlargements reflect the megaloid alterations dis- 
cussed earlier. As will be seen, patients with pernicious 
anemia have a higher incidence of gastric cancer. It may be 
that these cellular alterations underlie the predisposition to 
malignancy.*2: %° 

Although parenteral administration of cyanocobalamin 
will correct the bone marrow changes in pernicious anemia, 
the gastric atrophy and achlorhydria persist unaffected. This 
exception is entirely compatible with the thesis that the 
gastric changes are primary and not the effect of the B,, 
deficiency. 

Central nervous system lesions are found in approx- 
imately three-quarters of all cases of fulminant pernicious 
anemia. The principal alterations involve the spinal cord 
where there is myelin degeneration of the dorsal and 
lateral tracts, sometimes followed by loss of axons. Less 
frequently, degenerative changes occur in the ganglia of the 
posterior roots and in the peripheral nerves (p. 1421). 
Degenerative myelin changes are evident rarely within the 
brain, and in advanced cases may lead to death of neurons. 

In addition to these fairly distinctive lesions, fatty degen- 
erative changes in the heart, liver, and kidneys may be 
present secondary to the systemic hypoxia. Because of the 
hemolytic tendency and ineffective erythropoiesis in all 
megaloblastic anemias, hemosiderosis may be found in the 
liver, spleen, and bone marrow and in other elements of the 
mononuclear phagocyte system, but the spleen and liver 
usually are not significantly enlarged. The skin in severe 
relapse has a peculiar, lemon-yellow hue, not linearly related 
to the usually slightly elevated bilirubin levels in the plasma. 
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CLINICAL CouRSE. Pernicious anemia is character- 
istically insidious in onset, so that by the time the 
patient seeks medical attention the anemia is usually 
quite marked. The usual course is progressive unless 
halted by therapy. 

Diagnostic features include (1) a moderate-to- 
severe megaloblastic anemia, sometimes with hematocrit 
or hemoglobin levels reduced to 30% or less of normal; 
(2) leukopenia with hypersegmented granulocytes; (3) 
mild-to-moderate thrombocytopenia; (4) neurologic 
changes related to involvement of the posterolateral 
spinal tracts, as well as possibly to the brain; (5) 
achlorhydria even after histamine stimulation; (6) de- 
creased vitamin B,, absorption; (7) low serum levels of 
vitamin B,,; (8) excretion of methylmalonic acid in the 
urine; and (9) most critically, a striking reticulocytic 
response and improvement in hematocrit levels following 
parenteral administration of vitamin Bo. 

The cytologic aberrations in the gastric mucosa lead 
to a well-defined (threefold) increased incidence of 
gastric cancer. In addition, cardiac failure incident to 
hypoxic injury to the myocardium and intercurrent 
infections are hazards. However, with parenteral vita- 
min B,, the anemia can be cured and the peripheral 
neurologic changes reversed, or at least halted in their 
progression. Obviously, death of brain cells cannot be 
reversed. Overall longevity may be restored virtually to 
normal. 

“JUVENILE” PERNICIOUS ANEMIA. Childhood PA 
differs from the adult type inasmuch as there is no 
associated gastric abnormality. The mechanism of vita- 
min B,, deficiency is not well understood and may be 
related to several hereditary derangements: (1) congen- 
ital inability to elaborate intrinsic factor, (2) synthesis of 
a biologically ineffective IF, and (3) some defect in the 
ileal mucosal receptors for the intrinsic factor B,, com- 
plex. Autosomal recessive inheritance has been identi- 
fied within some families. 


ANEMIA OF FOLATE DEFICIENCY 


A deficiency of folic acid, more properly pteroyl- 
monoglutamic acid, results in a megaloblastic anemia 
having the same characteristics as those encountered in 
vitamin B,, deficiency. However, the neurologic changes 
seen in B,, deficiency do not occur. Folic acid deficiency, 
not always severe enough to produce anemia, is sur- 
prisingly common. Inadequate serum folate levels were 
found in 47% of patients admitted to a municipal hospital 
in the U.S.* and are even more common in underpri- 
vileged societies. The prime function of folic acid, 
specifically tetrahydrofolate (FH ,) derivatives, is to act 
as intermediates in the transfer of one-carbon units such 
as formyl and methyl groups to various compounds 
(Fig. 14-17). In this process, FH, acts as an acceptor of 
one-carbon fragments from compounds such as serine 
and formiminoglutamic acid (FIGlu), and the FH, de- 
rivatives so generated donate the acquired one-carbon 
fragments for the synthesis of biologically active mole- 
cules. FH,, then, may be viewed as the biologic “middle 


Figure 14-17. Schematic illustration of role of folate 
derivatives in transfer of one-carbon fragments for syn- 
thesis of biologic macromolecules. FH, = tetrahydrofolic 
acid; FH, = dihydrofolic acid; FiGlu = formiminogluta- 
mate; dTMP = deoxythymidylate monophosphate; *syn- 
thesis of methionine also requires vitamin B,». 


One-carbon fragments 
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FH, derivatives 
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One-carbon fragments used 
in synthesis of 


Purines, 
methionine” dTMP 


 ———— 
(one-carbon acceptor) fi 


derived from serine, 


man’ in this trade. The most important metabolic 
processes dependent on such one-carbon transfers are 
(1) the synthesis of purines; (2) the synthesis of methi- 
onine from homocysteine, a reaction that also requires 
vitamin B,, (p. 632); and (3) the synthesis of deoxythym- 
idylate monophosphate (dTMP). In the first two reac- 
tions, FH, is regenerated from its one-carbon carrier 
derivatives and is available to accept another one-carbon 
fragment and reenter the donor pool. In the synthesis 
of thymidylate, a dihydrofolate is produced that has to 
be reduced by dihydrofolate reductase to FH, to reenter 
the pool. The reductase step is significant since this 
enzyme is susceptible to inhibition by various drugs. 
Among the biologically active molecules whose synthesis 
is dependent on folates, thymidylate is perhaps the most 
important. As discussed earlier in relation to pernicious 
anemia (p. 632), dTMP is required for DNA synthesis. 
It should be apparent from our discussion that sup- 
pressed synthesis of DNA, the common denominator of 
folic acid and B,, deficiency, is the immediate cause of 
megaloblastosis. A clinically insignificant biochemical 
effect of folate deficiency is the failure to metabolize 
formiminoglutamic acid (FIGlu), a breakdown product 
of histidine. With a deficiency of folate, FIGlu piles up 
and is excreted in the urine, providing a useful clinical 
indicator of folate deficiency. 

The dietary source and absorption of folates were 
considered in an earlier chapter (p. 417). Here we need 
discuss only the three major causes of folic acid defi- 
ciency: (1) decreased intake, (2) increased requirements, 
and (3) impaired utilization (Table 144). 

Decreased intake can result from either a nutrition- 
ally inadequate diet or impairment of intestinal absorp- 
tion. A normal daily diet contains folate in excess of the 
minimal daily adult requirement of 10 to 50 wg. Inad- 
equate dietary intakes are almost invariably associated 
with grossly deficient diets, particularly lacking vita- 
mins, such as those in the “B group.” Such dietary 
inadequacies are most frequently encountered in 
chronic alcoholics, the indigent, and the very elderly. 
In alcoholics with cirrhosis, other mechanisms of folate 
deficiency such as trapping of folate within the liver, 
excessive urinary loss, and disordered folate metabolism 
have also been implicated. Under these circumstances, 
the megaloblastic anemia is often accompanied by gen- 
eral malnutrition and manifestations of other avitami- 
noses, including cheilosis, glossitis, and dermatitis. Mal- 
absorption syndromes such as nontropical and tropical 


FIGlu 


sprue may lead to inadequate absorption of this nutrient. 
Similarly, diffuse infiltrative disease of the small intes- 
tine, e.g., lymphoma, may impair intestinal absorption. 
In addition, certain drugs, particularly the anticonvul- 
sant phenytoin and oral contraceptives, impair absorp- 
tion. 

Despite adequate intake of folic acid, a relative 
deficiency can be encountered in states of increased 
requirement, such as pregnancy, infancy, hematologic 
derangements in which appropriate therapy induces 
marked hyperactive hematopoiesis, and disseminated 
cancer. In all these circumstances, the demands of active 
DNA synthesis render normal intake inadequate. 

Folic acid antagonists, such as methotrexate, 6- 
mercaptopurine, and cyclophosphamide, inhibit dihy- 
drofolate reductase and lead to a deficiency of FH,. 
With inhibition of folate function, all rapidly growing 
cells are affected, thus leading to ulcerative lesions 
within the gastrointestinal tract as well as megaloblastic 
anemia. Owing to their growth-inhibitory actions, these 
antimetabolites are used in cancer therapy. 

As mentioned at the outset, the megaloblastic ane- 
mia resulting from a deficiency of folic acid is identical 
to that encountered in B,, deficiency, both in terms of 
the alterations in the circulating blood and in the 
marrow precursors. Thus, the recognition of folate 
deficiency requires the demonstration of (1) decreased 
folate levels in the serum or red cells and (2) increased 
excretion of FIGlu after an administered dose of histi- 
dine. The absence of neurologic changes and methyl- 
malonic acid in the urine also rules against vitamin B,, 
deficiency as the cause of changes in the blood. Although 
prompt hematologic response heralded by the appear- 
ance of a reticulocytosis follows the administration of 
folic acid, it should be cautioned that, even in patients 
with a B,, deficiency anemia, a similar reticulocytosis 
may be produced by folic acid therapy. However, folic 
acid has no effect on the progression of the neurologic 
changes typical of the B,, deficiency states, and therefore 
the hematologic response to folate therapy cannot be 
used to rule out vitamin B,, deficiency. 


lron Deficiency Anemia 


Deficiency of iron is probably the most common 
nutritional disorder in the world. Although the preva- 
lence of iron deficiency anemia is higher in the de- 
veloping countries, this form of anemia is also common 


636 


in the U.S. The factors underlying the iron defi- 
ciency differ somewhat in various population groups and 
can be best considered in the context of normal iron 
metabolism, some of which was also discussed in 
Chapter 9.°>-" 

IRON METABOLISM. Normally, the total body iron 
content is in the range of 2 gm in women and up to 6 
gm in men. As indicated in Table 14-5, it is divided 
into functional and storage compartments. Approxi- 
mately 80% of the functional iron is found in hemoglo- 
bin; myoglobin and iron-containing enzymes such as 
catalase and the cytochromes contain the rest. The 
storage pool represented by hemosiderin and ferritin 
contains approximately 15 to 20% of total body iron. It 
should be noted that even healthy young females have 
substantially smaller stores of iron than do males. They 
are therefore in much more precarious iron balance and 
are accordingly more vulnerable to excessive losses or 
increased demands associated with menstruation and 
pregnancy. 

All storage of iron is in the form of either ferritin 
or hemosiderin. Ferritin is essentially a protein-iron 
complex about which much is both known and unknown. 
The protein—known as apoferritin—is a spherical shell 
composed of approximately 24 subunits, each of molec- 
ular weight 18,500 to 19,000, giving a total molecular 
weight for apoferritin of approximately 450,000. This 
shell is perforated by six channels through which iron 
uptake and release occur.” The core of the apoferritin 
shell contains as many as 4500 iron atoms in the form 
of ferric oxyhydride. 

Ferritin can be found in all tissues but particularly 
in liver, spleen, bone marrow, and skeletal muscles. In 
the liver, most of the ferritin is stored within the 
parenchymal cells, whereas in other tissues, such as 
spleen and bone marrow, it is mainly in the mononuclear 
phagocytic cells. The iron within the hepatocytes is 
derived from plasma transferrin, whereas the storage 
iron in the mononuclear phagocytic cells, including that 
in the Kupffer cells, is obtained largely from the break- 
down of red cells. Within cells, ferritin is located both 
in the cell sap and in lysosomes where the protein shells 
of the ferritin are degraded and iron aggregated into 
hemosiderin granules. With the usual cellular stains, 
hemosiderin appears in tissues as golden-yellow gran- 
ules that vary somewhat in size and shape, presumably 
because of variation in the number of incorporated 
ferritin molecules. The iron is chemically reactive, and 
when hemosiderin is exposed to potassium ferrocyanide 


Table 14—5. IRON DISTRIBUTION IN HEALTHY YOUNG 
ADULTS (mg) 


Men Women 

Total 3450 2450 
Functional 

Hemoglobin 2100 1750 

Myoglobin 300 250 

Enzymes 50 50 
Storage 

Ferritin, hemosiderin 1000 400 
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(Prussian blue reaction) in tissue sections, the granules 
turn blue-black. With normal iron stores only trace 
amounts of hemosiderin are found in the body, princi- 
pally in reticuloendothelial cells in the bone marrow, 
spleen, and liver. In iron-overloaded cells, most of the 
iron is stored in the form of hemosiderin. 

Very small amounts of ferritin normally circulate in 
the plasma. Since the plasma ferritin is largely derived 
from the storage pool of body iron, its level is a good 
indicator of the adequacy of body iron stores. Each 
microgram per liter of plasma ferritin is estimated to 
represent 8 mg of storage iron. In iron deficiency, serum 
ferritin is always below 12 wg per liter, whereas in iron 
overload very high values approaching 5000 wg per liter 
may be obtained. It should be noted, however, that the 
relationship between the degree of overload and serum 
ferritin levels is not linear. There are three circumstan- 
ces under which serum ferritin cannot be used as a 
measure of body iron stores: in liver damage, in inflam- 
matory states, and with some tumors. In these states, 
serum ferritin levels may be extremely high despite 
normal body iron stores. The physiologic importance of 
the storage iron pool is that it is readily mobilizable in 
the event of an increase in body iron requirements, as 
may occur following loss of blood. 

Iron is transported in the plasma by an iron-binding 
protein called transferrin. It is a B globulin, synthesized 
in the liver, having a molecular weight of 76,000 with 
two iron-binding sites. The major function of plasma 
transferrin is to deliver iron to the cell surface receptors 
on immature erythroid cells. In the normal individual, 
transferrin is about 33% saturated with iron, yielding 
serum iron levels that average 120 wg per dl in men 
and 100 wg per dl in women. Thus, the total iron- 
binding capacity of serum is in the range of 300 to 350 
we per dl. 

The absorption of iron and its regulation are com- 
plex and poorly understood. Some of the factors that 
affect iron absorption were discussed in an earlier chap- 
ter (p. 422). Here we will concentrate on the mucosal 
uptake of iron. The most active site of iron absorption 
is the duodenum, but the stomach, ileum, and colon 
may also participate to a small degree. The precise 
mechanism of iron uptake is still poorly understood, 
although evidence is accumulating that a mucosal trans- 
ferrin distinct from plasma transferrin is secreted in the 
lumen of the gut, where it binds iron and then transports 
it across the brush border of the mucosal cell. Nor- 
mally, a fraction of the iron that enters the mucosal cell 
is rapidly delivered to plasma transferrin. Most, how- 
ever, is deposited as ferritin within these cells, some to 
be transferred more slowly to plasma transferrin, and 
some to be lost with exfoliation of mucosal cells. The 
extent to which the mucosal iron is distributed along 
these various pathways depends largely on the body's 
iron requirements. When the body is replete with iron, 
formation of ferritin within the mucosal cells is maximal, 
whereas in iron deficiency transport into plasma is 
enhanced. 

Since body losses of iron are limited, iron balance 


is maintained largely by regulating the absorptive intake 
(mucosal block). The factors that regulate the absorption 
of available iron into the mucosal cell are largely un- 
known. It is, however, known that the rate and level of 
absorption is dependent on total body iron content and 
erythropoietic activity, more specifically the iron needs 
of the erythron. As body stores rise the percentage of 
iron absorbed falls, and vice versa. Some signal must 
be delivered to the mucosal cell modifying its uptake 
and transfer of iron, and although there are many 
hypotheses, the nature of the signal remains unknown.” 
Most attractive is the proposal that the iron content of 
the individual tissues itself is the regulating factor. It is 
assumed that there is a labile pool of iron in all the 
tissues, from which iron can be donated to plasma 
transferrin. The size of this labile pool in the individual 
tissues, particularly the reticuloendothelial cells and the 
gut mucosa, is proportionate to the total iron stored 
within that tissue (Fig. 14-18). Iron donated to the 
plasma is removed from plasma transferrin predomi- 
nantly by the developing erythroid cells. A decrease in 
storage iron within the reticuloendothelial cells reduces 
their contribution to the plasma transferrin iron pool, 
which is compensated for by an increased entry of iron 
from the gut. Similarly, an increased drain by the 
erythron produces a “stimulus” for increased contribu- 
tion to the plasma iron pool by the various donor sites, 
including the gut mucosa. This in turn causes a greater 
proportion of the iron absorbed into the mucosal cell to 
be transferred into the plasma. Although some experi- 
mental evidence supporting this hypothesis has been 
obtained,*! in the final analysis the mechanism by which 
exchange of iron between donor tissues and plasma 
transferrin is regulated remains poorly understood. 
ETIOLOGY. With this background of normal iron 
metabolism, we can discuss the causes and effects of 
iron deficiency. The consequences of excess iron accu- 
mulation (iron overload) are considered on page 924. 
Negative iron balance and consequent anemia may 
result from (1) low dietary intake, (2) poor absorption, 
(3) excessive demand, or (4) chronic blood loss. The 
daily iron requirement for adult males is 5 to 10 mg and 
for adult females 7 to 20 mg (p. 422). Since the average 
daily dietary intake of iron in the Western world ap- 
proximates 15 mg, most men ingest more than adequate 
iron, whereas many women consume just enough or 
marginally adequate iron. It is not surprising, therefore, 
that iron deficiency resulting solely from poor dietary 
intake is rarely seen in the U.S.; even in women who 
have lower iron reserves and greater iron losses, other 
factors usually coexist. The situation is quite different 
in underdeveloped countries where low intake as well 
as poor bioavailability of the iron exist, owing to a lack 
of meats and to predominantly vegetarian diets from 
which iron is poorly absorbed. Malabsorption of iron 
may occur in association with generalized malabsorption 
syndromes such as sprue and celiac disease, or after 
gastrectomy. The latter affects iron absorption by de- 
creasing hydrochloric acid and the transit time through 
the duodenum, the major site of iron absorption. By far 
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Figure 14-18. Regulation of internal iron exchange. Plasma iron 
turnover is visualized as a conveyer belt driven by uptake of 
transferrin iron by erythroid precursors. Amount of iron released at 
any one time from donor sites onto transferrin is dependent on 
amounts of iron being removed by erythroid precursors. (From 
Bothwell, T. H., et al.: Idiopathic hemochromatosis. /n Stanbury, J. 
B., et al.: Metabolic Basis of Inherited Disease. 5th ed. New York, 
McGraw-Hill Book Co., 1982, p.1276. Copyright © 1982 by McGraw 
Hill, Inc. Used by permission of McGraw-Hill Book Company.) 


the most important cause of iron deficiency anemia in 
the Western world is chronic blood loss. This may occur 
from the gastrointestinal tract (e.g., peptic ulcers, co- 
lonic cancer, hemorrhoids, hookworm disease, chronic 
aspirin ingestion) or the female genital tract (e.g., men- 
orrhagia, maligancy). At the outset of chronic blood loss 
or other states of negative iron balance, the reserves in 
the form of ferritin and hemosiderin may be adequate 
to maintain normal hemoglobin and hematocrit levels 
as well as normal serum iron and transferrin saturation. 
Progressive depletion of these reserves will eventually 
lower the serum iron and transferrin saturation levels, 
but still may not be reflected in abnormalities in the 
erythron. Up to this stage of blood loss there is increased 
erythroid activity in the bone marrow and expansion of 
the erythron, but progressive disappearance of siderob- 
lasts from the marrow. Thereafter, anemia will appear 
when all iron stores are depleted, now accompanied by 
low levels of serum iron and transferrin saturation as 
well as low serum ferritin. Pregnancy and infancy are 
two states that may be associated with iron deficiency 
owing to increased demands not met by normal dietary 
intake. Whatever the basis, iron deficiency induces a 
hypochromic microcytic anemia. Simultaneously, deple- 
tion of essential iron-containing enzymes in cells 
throughout the body may cause other changes, including 
koilonychia, alopecia, atrophic changes in the tongue 
and gastric mucosa, and intestinal malabsorption. Un- 
commonly, esophageal webs (p. 799) may appear to 
complete the triad of major findings in the Plummer- 
Vinson syndrome: (1) microcytic hypochromic anemia, 
(2) atrophic glossitis, and (3) esophageal webs. There is, 


638 


however, some question as to whether the concurrent 
changes in the oral cavity, esophagus, and gastric mu- 
cosa are not merely coincidental or instead constitute 
the basis of the malnutriton and iron deficiency. 


MORPHOLOGY. The bone marrow may disclose more 
or less increased erythropoietic activity, dominantly at the 
level of normoblasts and their maturation forms. Specificity 
is lent to these changes by the absence of sideroblasts and 
the disappearance of stainable iron from the reticuloendo- 
thelial cells in the bone marrow. In the peripheral blood 
smear, red cells appear smaller (microcytic) and much paler 
(hypochromic) than normal. In many cells, hemoglobin is 
seen only in the form of a narrow peripheral rim (Fig. 14— 
19). Leukocytes and megakaryocytes are usually not af- 
fected. Changes may be encountered outside of the bone 
marrow, the most important being atrophy of the tongue 
mucosa (atrophic glossitis) (p. 784), esophageal webs (p. 
799), and gastric atrophy (p. 811). 


The clinical manifestations related to the anemia 
are nonspecific and were detailed on page 613. Fre- 
quently, the dominating signs and symptoms relate to 
the underlying cause of the anemia, e.g., gastrointestinal 
or gynecologic disease, malnutrition, pregnancy, mal- 
absorption, and so forth. The atrophic glossitis may be 
responsible for difficulty in swallowing. Gastrointestinal 
disturbances may be present associated with the disor- 
der that led to the chronic blood loss (e.g., bleeding 
peptic ulcer or gastric carcinoma, diverticulitis, colonic 
cancer) or may emanate from the development of the 
atrophic gastritis. 
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Figure 14-19. Hypochromic microcytic anemia of iron deficiency. 
Note that most red cells are smaller than lymphocyte nucleus seen 
in midfield. The small amount of hemoglobin is seen as a narrow 
rim at periphery of red cells. (Courtesy of Dr. Jose Hernandez, 
Department of Pathology, Southwestern Medical School, Dallas, 
Texas.) 


DISEASES OF RED CELLS AND BLEEDING DISORDERS 


The diagnosis of iron deficiency anemia ultimately 
rests upon laboratory studies. Both hemoglobin and 
hematocrit are depressed, usually to moderate levels, 
and are associated with hypochromia, microcytosis, and 
some poikilocytosis. As mentioned, the serum iron, 
serum ferritin, and transferrin saturation levels are 
typically low. Reduced heme synthesis leads to elevation 
of free erythrocyte protoporphyrin. Usually the leuko- 
cytes and platelets are not affected. The alert clinician 
who investigates an unexplained iron deficiency anemia 
occasionally discovers an occult lesion or cancer and 
thereby saves a life. 


Aplastic Anemia 


This somewhat misleading term is applied to pan- 
cytopenia, characterized by (1) anemia, (2) neutropenia, 
and (3) thrombocytopenia.*” The basis for these changes 
is thought to be a failure or suppression of pluripotent 
myeloid stem cells, with inadequate production or re- 
lease of the differentiated cell lines. Less commonly, 
the stem cell defect is limited to the committed precur- 
sors, giving rise to pure red cell aplasia, or selective 
suppression of the white cell series. These will be 
considered later. The bone marrow in aplastic anemia 
is almost always markedly hypocellular, with a striking 
reduction in the precursors of red cells, granulocytes, 
and platelets. 

ETIOLOGY. The major circumstances under which 
aplastic anemia may appear are listed in Table 14-6. 

Most cases of aplastic anemia of so-called “known 
etiology’ follow exposure to chemicals and drugs. With 
some agents the marrow damage is predictable, dose 
related, and, in most instances, reversible when the use 
of the offending agent is stopped. Best documented as 


Table 14-6. MAJOR CAUSES OF APLASTIC ANEMIA 


A. Acquired 
I. Idiopathic 
ll. Chemical agents 
Dose related 
Alkylating agents 
Antimetabolites 
Benzene 
Chloramphenicol 
Inorganic arsenicals 
Idiosyncratic 
Chloramphenicol 
Phenylbutazone 
Organic arsenicals 
Methylphenylethylhydantoin 
Streptomycin 
Chlorpromazine 
Insecticides: e.g., DDT, parathion 
Ill. Physical agents (whole-body radiation) 
IV. Paroxysmal nocturnal hemoglobinuria 
V. Infections 
Viral hepatitis 
Dengue 
Infectious mononucleosis 
VI. Miscellaneous 
Infrequently, many other drugs and chemicals 
B. Inherited—Fanconi's anemia 


known myelotoxins are benzene, chloramphenicol, al- 
kylating agents, and antimetabolites, e.g., 6-mercapto- 
purine, vincristine, busulfan, etc. In other instances, 
the pancytopenia appears as an apparent idiosyncratic 
reaction to either very small doses of known myelotox- 
ins, e.g., chloramphenicol, or following the use of such 
drugs as phenylbutazone, methylphenylethylhydantoin, 
streptomycin, and chlorpromazine, which are generally 
without effect in other individuals. In such idiosyncratic 
reactions the aplasia may be severe and sometimes 
irreversible and fatal. 

Whole-body irradiation is an obvious mechanism 
for destruction of hematopoietic cells. The effects of 
irradiation are dose related. Persons at risk are those 
who receive therapeutic irradiation, radiologists, and 
individuals exposed to nuclear explosions. 

Paroxysmal nocturnal hemoglobinuria, discussed 
earlier as a form of hemolytic anemia, is believed to be 
an acquired clonal disorder of pluripotent stem cells, 
which in some cases evolves into aplastic anemia (p. 
627). 

Although aplastic anemia may appear in a variety 
of infections, it most commonly follows viral hepatitis of 
the non-A, non-B type.* ** Why certain individuals 
develop this hematologic complication in the course of 
their infection is not understood but it is not related to 
the severity of infection. Direct injury to stem cells 
could be postulated, but there are reasons for doubting 
such a simplistic explanation. 

Fanconis anemia is a rare familial form of aplastic 
anemia. In these patients the marrow hypofunction 
becomes evident early in life and is accompanied by 
multiple congenital anomalies such as hypoplasia of the 
kidney and spleen and hypoplastic anomalies of bone, 
particularly involving the thumbs or radii. Some of these 
individuals develop leukemia if they survive the hazards 
of the marrow hypofunction. 

Despite all these possible causal influences, in fully 
two-thirds of the cases no provocating factor can be 
identified, and hence most cases of aplastic anemia are 
lumped into the idiopathic category." 

PATHOGENESIS. Although we speak of myelotoxic 
chemicals, drugs, and infections as causes of aplastic 
anemia, the precise mechanism of stem cell injury in 
these settings is poorly understood. Idiopathic cases are 
even more mysterious, and therefore numerous hy- 
potheses have sprouted. Some of the most important 
clues regarding pathogenetic mechanisms have been 
obtained by evaluating various forms of treatment. The 
remarkable efficacy of bone marrow transplantation in 
the treatment of aplastic anemia suggests that most cases 
of aplastic anemia result from defects in the number or 
function of stem cells. With marrow transplants, defec- 
tive stem cells are replaced by infusion of normal cells 
from HLA-matched donors. Much attention has also 
focused on the possibility that marrow failure may result 
from immunologically mediated suppression of hemato- 
poiesis. In support of the suppressor cell hypothesis is 
cited the ability of lymphocytes from aplastic patients 
to inhibit the in vitro growth of normal myeloid (CFU- 
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G/M) or erythroid stem cells (BFU-E) obtained from 
healthy individuals. The recovery of autologous marrow 
in some cases by administration of immunosuppressive 
therapy is also consistent with an immunologic causation . 
of aplastic anemia.* Yet another theory points the finger 
to possible defects in the “marrow microenvironment.” 
According to this view, the stem cells, at least in some 
cases, are intrinsically normal but their milieu is unfa- 
vorable for hematopoiesis. This may very well be the 
mechanism of aplastic anemia in those patients who fail 
to benefit from bone marrow transplantation. Although 
much remains to be known, it is clear that aplastic 
anemia is not a single disease, but a group of pathoge- 
netically distinct disorders. 


MORPHOLOGY. The bone marrow is markedly hypo- 
cellular and is composed largely of empty marrow spaces 
populated by fat cells, fibrous stroma, and scattered or 
clustered foci of lymphocytes and plasma cells (Fig. 14—20). 
In less extreme instances, scattered primitive precursor cells 
are found. Megakaryocytes are either absent or scant in 
number. A number of additional morphologic changes may 
accompany these marrow failures. Fatty changes may result 
from the anemia. Also evident may be the pathology of 
bacterial infections or hemorrhagic diatheses secondary to 
the granulocytopenia or thrombocytopenia, respectively (p. 
654). The toxic drug or agent may injure not only the bone 
marrow but also the liver, the kidneys, and other structures. 
Benzene, for example, may cause fatty changes in the liver 
and kidneys. In some instances, especially those with mul- 
tiple tranfusions, systemic hemosiderosis is present. 


Figure 14-20. Aplastic anemia—bone marrow. Bone marrow is 
hypocellular. Most of the nucleated forms present are lymphocytes 
and scattered plasma cells. 
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CLINICAL CourRSE. Aplastic anemia may occur at 
any age and in both sexes. Usually the onset is gradual, 
but in some instances the disorder strikes with sudden- 
ness and great severity. Patients may first become aware 
of their disease by the progressive onset of weakness, 
fatigability, and pallor. The thrombocytopenia may pro- 
duce bleeding manifestations. At other times, the gran- 
ulocytopenia is called to attention by repeated bacterial 
infections that are apparently more severe than would 
be anticipated in the normal individual. Splenomegaly 
is so uncommon that its presence should arouse the 
suspicion of alternative diagnoses such as “aleukemic’ 
leukemia (p. 675). 

Diagnosis rests largely upon examination of the 
peripheral blood and marrow biopsy. In most patients, 
the red cells are normochromic and normocytic. Signs 
of erythropoiesis such as polychromatophilia or reticu- 
locytosis are characteristically absent. The white cell 
and platelet counts are also depressed. Serum iron is 
almost always elevated, frequently with 100% saturation 
of the total iron-binding capacity. 

Bone marrow biopsy discloses an aplastic or hypo- 
cellular marrow, which also helps to rule out other 
causes of depressed marrow function such as metastatic 
cancer, leukemia, or some underlying bone disease that 
has replaced the marrow space to produce a myeloph- 
thisic anemia. 

The prognosis in aplastic anemia is quite unpre- 
dictable. When associated with viral hepatitis it is 
extremely grave. If the toxic factor can be identified 
and further exposure avoided, the marrow production 
may recover. If idiopathic, the disease tends to be more 
prolonged and outlook is less favorable. In rare in- 
stances, leukemia later appears. The recent introduction 
of bone marrow transplantation offers new hope; a 60% 
five-year survival can be expected with this form of 
therapy.” 


Pure Red Cell Aplasia (PRCA) 

Pure red cell aplasia is a rare form of marrow failure 
resulting from a specific aplasia of erythroid elements 
while granulopoiesis and thrombopoiesis remain nor- 
mal.** It may occur in an acute form as an aplastic 
“crisis” during the course of some form of preexisting 
hemolytic anemia or as a drug- or infectious disease— 
related disorder. PRCA may also appear insidiously in 
a chronic form, sometimes without apparent provoca- 
tion, and at other times in patients having a thymoma. 
The latter association raises the question of some thymic- 
related immunologic mechanism and, indeed, in about 
half of the patients resection of the primary tumor is 
followed by hematologic improvement. Humoral or 
cellular autoimmunity against erythroid precursors can 
be demonsirated in some cases, and in such patients 
immunosuppressive therapy may be beneficial. In re- 
fractory cases, plasmapheresis has also been used with 
success.” 


Other Forms of Marrow Failure 


Space-occupying lesions that destroy significant 
amounts of bone marrow or perhaps disturb the marrow 
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architecture depress its productive capacity. This form 
of marrow failure is referred to as myelophthisic anemia. 
As would be anticipated, all the formed elements of the 
blood are concomitantly affected. However, character- 
istically immature forms of the red and white cells 
appear in the peripheral blood, a phenomenon attrib- 
uted to a poorly defined “irritation effect.” The most 
common cause of myelophthisic anemia is metastatic 
cancer arising from a primary lesion in the breast, lung, 
prostate, thyroid, or adrenals. Multiple myeloma, leu- 
kemia, osteosclerosis, and lymphomas are less com- 
monly implicated. Myelophthisic anemia has also been 
observed with myelofibrosis, a diffuse fibrosis of the 
marrow. Such cases are probably variants of the mye- 
loproliferative syndrome (p. 686). 

Diffuse liver disease, whether it be toxic, infectious, 
or a form of cirrhosis, is for obscure reasons often 
associated with an anemia attributed to bone marrow 
failure. Other contributing factors include folate defi- 
ciency and iron deficiency due to gastrointestinal blood 
loss (varices, hemorrhoids). In most of these instances, 
theré is a pure erythropoietic depression; in about half 
the cases the red cells are normocytic, and in the other 
half they are macrocytic. Occasionally the red cell 
morphology is very much like that of pernicious anemia. 
Depression of the white cell count and platelets has 
been described, but is infrequent. 

Chronic renal failure, whatever its cause, is almost 
invariably associated with anemia that tends to be 
roughly proportional to the severity of the uremia. The 
basis of the anemia is multifactorial. There is evidence 
of an extracorpuscular defect inducing chronic hemoly- 
sis. Concomitantly, there is reduced red cell production. 
In some cases this may be related to advanced destruc- 
tion of the kidneys with inadequate formation of eryth- 
ropoietin. Alternatively, some patients have an iron 
deficiency secondary to the bleeding tendency often 
encountered in uremia. Whatever the basis, if the 
uremia can be controlled by dialysis or other forms of 
therapy, the anemia is usually reversible. 

Significant chronic microbiologic infections and 
chronic inflammatory states such as rheumatoid arthritis 
and rheumatic fever are often associated with a mild-to- 
moderate normocytic normochromic anemia, although 
sometimes the red cells may be hypochromic and mi- 
crocytic. The underlying mechanism is poorly under- 
stood, but there is evidence for a hemolytic component 
with a shortened red cell survival time and some im- 
pairment in iron utilization. The hemolysis may be 
related to nonspecific stimulation of reticuloendothelial 
cells. With respect to the iron metabolism, the serum 
iron levels are low as is saturation of the iron-binding 
capacity, and concomitantly, hemosiderosis is present 
in reticuloendothelial cells. This paradoxic combination 
has led to the speculation that some impediment exists 
in the transfer to the erythroid precursors in the blood 
of iron from reticuloendothelial cells involved in normal 
red cell destruction. Whatever the pathophysiology of 
the anemia, it is reversible when the primary disease is 
controlled. 

Endocrine disorders, particularly those affecting the 


thyroid, pituitary, and adrenal, may be associated with 
anemia. Myxedema stands out as the most important 
disorder in this category. In some of these cases the 
anemia is normocytic, but in many it is macrocytic. 
Impaired absorption of vitamin B,, has been implicated 
in some cases of thyroid hypofunction, which may 
produce, therefore, a pattern similar to that of perni- 
cious anemia. Alternatively, it is possible that the de- 
creased metabolic activity of the body concomitantly 
slows marrow production. Supporting such a concept is 
the prompt recovery of marrow function following the 
administration of thyroid extract. Addison’s disease (p. 
1235) and hypofunction of the anterior lobe of the 
pituitary are sometimes associated with a normocytic 
anemia. The mechanisms here are obscure. In all these 
endocrine disorders, the bone marrow usually provides 
no morphologic clue to its physiologic hypoactivity. 


POLYCYTHEMIA 


Polycythemia refers to an increase in the concen- 
tration of red cells above the normal level, usually with 
a corresponding increase in hemoglobin level. Such an 
increase may be relative when there is hemoconcentra- 
tion, or absolute when there is an increase in total red 
cell mass. It may occur as an idiopathic primary disor- 
der, e.g., polycythemia vera, or as a secondary response 
to appropriate or inappropriate increased elaboration of 
erythropoietin. ® 


Relative Polycythemia 


Relative polycythemia may occur when there is a 
loss of plasma volume without a corresponding loss in 
red cells, or when there is abnormal sequestration of a 
large volume of blood in the low-hematocrit capillary 
compartment of the circulation. Under these circum- 
stances there is an apparent increase in the number of 
red cells within the circulation. The causes of such 
relative polycythemia include (1) deprivation of water; 
(2) loss of body fluids from vomiting, diarrhea, and 
sweating; (3) loss of electrolytes with corresponding loss 
of plasrna volume, as occurs with adrenocortical insuf- 
ficiency; (4) loss of plasma volume, as in burns and 
shock; and (5) an obscure condition sometimes referred 
to as stress polycythemia or Gaisbéck’s syndrome. The 
last condition is typically encountered in males in the 
fifth decade of life who are moderately overweight, 
hypertensive, tense, and heavy cigarette smokers. The 
basis for the relative polycythemia in this setting is 
unknown. 


Polycythemia Vera (Primary Polycythemia, 
Erythremia) 


Polycythemia vera is an insidious disease of un- 
known cause characterized by elevation of the total red 
cell mass, sometimes to double the normal value. As a 
consequence, the red cell count and hemoglobin levels 
are elevated. Although excessive proliferation of the 
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erythroid stem cells is responsible for the increase in 
red cell mass, involvement of pluripotent myeloid stem 
cells is indicated by concomitant elevations of the gran- 
ulocyte and platelet counts. 

PATHOGENESIS. Several clues regarding the patho- 
genesis of polycythemia vera have been obtained from 
its natural history. It has been noted that a small but 
statistically significant fraction of patients, after a period 
of years with polycythemia vera, have insidiously be- 
come anemic with hypocellular fibrotic marrows, for 
completely mysterious reasons. Massive splenomegaly 
may then appear owing to extramedullary hemato- 
poiesis, giving rise to the syndrome known as myeloid 
metaplasia (p. 686). Much less commonly, patients 
beginning with polycythemia vera later develop chronic 
granulocytic (myelogenous) leukemia. In explanation of 
these and other possible changeovers, Dameshek* pro- 
posed the concept of the myeloproliferative syndrome. 
He postulated that in some patients hemopoietic stem 
cells might become abnormally active or virtually neo- 
plastic, and the particular stem line principally affected 
might change with time. Theoretically, the abnormal 
proliferation might initially involve mainly the erythro- 
cytic, granulocytic, or megakaryocytic populations 
within the marrow. If the erythrocytic line predomi- 
nated, presumably the patient would develop polycy- 
themia vera. Granulocytic overgrowth would lead to 
chronic myelogenous leukemia. Excessive overgrowth 
of megakaryocytes might lead to primary thrombocy- 
themia. Moreover, it was proposed that one of the end 
stages of the various expressions of the myeloprolifera- 
tive syndrome was myelofibrosis resulting in anemia 
and, along with it, extramedullary myeloid metaplasia 
(p. 686). At one time, the proliferating fibroblasts in the 
marrow were believed to be the progeny of the neo- 
plastic stem cells, but subsequent evidence indicates 
that the fibrosis is reactive.®*? It must be emphasized 
that the myeloproliferative syndrome is not a specific 
disease but rather a concept that appears to fit observed 
clinical phenomena. Within this context, polycythemia 
vera represents one variant of a larger group of myelo- 
proliferative syndromes. 

Current evidence strongly suggests that polycy- 
themia vera arises as a monoclonal apparent neoplastic 
disorder of pluripotent myeloid stem cells. Using the 
approach of the X-linked G6PD enzymes as markers, it 
has been shown that females who are heterozygous for 
G6PD variant enzymes (having two populations of cells, 
each bearing one or the other variant enzymes) have 
only a single G6PD enzyme in the majority of their red 
cells, granulocytes, and platelets.“* The same type of 
evidence has been used to show the monoclonal origin 
of such solid tissue tumors as leiomyomas. Additional 
support for the involvement of the myeloid stem cells 
in polycythemia vera has been obtained by the recently 
available techniques of hematopoietic cell culture.*' In 
the bone marrow of patients with polycythemia vera 
there is an increase in the number of actively dividing 
myeloid stem cells that seem to require extremely small 
amounts of erythropoietin for erythroid differentiation. 
Although these abnormal erythropoietin-hypersensitive 
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stem cells predominate, a small number of normal stem 
cells (which require much more erythropoietin) are also 
present. For reasons not entirely clear, their prolifera- 
tion and differentiation is suppressed, and normal red 
cells therefore constitute a minority in the peripheral 
blood. It could be that the erythrocytosis induced by 
the proliferation of the abnormal (neoplastic) stem cells 
suppresses the production of erythropoietin, thereby 
keeping the normal erythroid stem cells inactive. In- 
deed, serum levels of erythropoietin are extremely low 
in polycythemia vera, perhaps enough only to keep the 
neoplastic stem cells going. The number of normal stem 
cells: seems to decline as the disease progresses. This 
observation has potential clinical significance, since re- 
mission requires not only suppression of the neoplastic 
clones but the reemergence of the residual normal stem 
cells. The granulocytic and megakaryocytic precursors 
derived from the neoplastic clone of stem cells are also 
abnormal. They seem to be unresponsive to as yet 
unidentified signals that regulate their normal counter- 
parts. 


MORPHOLOGY. The major anatomic changes stem 
from the increase in red cell mass, the increase in total 
blood volume, and the increase in viscosity of the blood. 

Plethoric congestion of all organs and tissues is char- 
acteristic of polycythemia vera. The major vessels are uni- 
formly distended with a thick viscous blood, which because 
of the sluggish circulation may not be totally oxygenated. 
The liver is enlarged and frequently contains foci of myeloid 
metaplasia. The spleen is enlarged in over 75% of cases 
and usually weighs 250 to 350 gm. The splenic sinuses are 
packed with red cells, as are all the vessels within the 
spleen. Hematopoiesis sometimes can be identified within 
the red pulp. 

Consequent to the increased viscosity and vascular 
stasis, thromboses and infarctions are common, affectirig 
most often the heart, brain, spleen, and kidneys. 

The active bone marrow is the primary site of alteration 
and is characteristically so increased in size that it floods 
into the fatty marrow. It has a soft, dark-red succulence. 
Histologically, this is due to striking hyperplasia of all the 
erythropoietic forms while the intervening fat cells disappear. 
Normoblastic proliferation is usually predominant, but there 
is also some increase in megakaryocytes and granulocytic 
precursors. The expanding marrow may encroach upon the 
cancellous bone as well as the cortical shafts. If the disease 
changes its course, the marrow pattern reflects this alteration 
and thus may become aplastic, fibrotic, or even leukemic. 

Hemorrhages occur in many patients, probably as a 
result of distention of blood vessels and abnormal platelet 
function. These affect most often the gastrointestinal tract, 
urinary tract, oropharynx, and brain. The hemorrhages may 
be spontaneous, but more often they follow some minor 
surgical procedure or trauma. Peptic ulceration has been 
described in about 20% of these patients. 


CLINICAL COURSE. Males, usually between the ages 
of 40 and 60, are affected somewhat more often than 
females. The condition is more common in whites but 
also occurs among blacks. The major clinical features of 
polycythemia vera stem from the increased blood vol- 
ume, vascular stasis, thrombotic tendency, hemorrhagic 
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diathesis, and transmutation into anemia or leukemia. 
About 30% of the patients die from some thrombotic 
complication, affecting usually the brain or the heart. 
An additional 10 to 15% die from a hemorrhagic condi- 
tion. Approximately 15 to 20% of cases develop pro- 
gressive fibrosis of the marrow accompanied by massive 
splenomegaly, along with other features characteristic 
of myelofibrosis (p. 686). A small number of patients 
develop acute leukemia, but the exact incidence is not 
known. It is clear, however, that the frequency of 
leukemic transformation is significantly increased in 
those treated with radioactive phosphorus or myelosup- 
pressive drugs when compared with patients treated 
with phlebotomy alone. With most forms of therapy, a 
median survival of 10 to 12 years can be expected. 
Owing to the high cell turnover, symptomatic gout is 
seen in 5 to 10% of cases. 

Classically, patients with polycythemia are ple- 
thoric or even cyanotic. Complaints such as headache, 
dizziness, gastrointestinal symptoms, hematemesis, and 
melena are common. Splenic or renal infarction may 
produce abdominal pain. The bleeding tendency may 
manifest itself as skin purpura or ecchymoses. Hyper- 
tension is a consequence of the increased blood volume. 
Only when the abnormal increase in the number of red 
cells is discovered does the basis for these symptoms 
and signs become apparent, and so the diagnosis is 
usually made by laboratory studies. The red cell counts 
range from 6,000,000 to 10,000,000, with hematocrit 
values of 60% or more. The white cell and platelet 
counts are elevated frequently, sometimes to levels 
several-fold above the normal range. Granulocyte alka- 
line phosphatase is increased in most cases, a point of 
distinction from chronic granulocytic leukemia (p. 679). 
Defects in platelet functions, including poor adhesive- 
ness and aggregation, have also been noted. 


Secondary Polycythemia 


In contrast to primary polycythemia or polycy- 
themia vera, secondary polycythemia refers to an abso- 
lute increase in red cell mass secondary to increased 
levels of erythropoietin. The elaboration of erythropoi- 
etin may be an appropriate response to tissue hypoxia, 
or it may be inappropriately synthesized by a variety of 
neoplasms. 

The polycythemic influences causing appropriate 
erythropoietin secretion are: 

1. Living at high altitudes with low oxygen tensions 
in the ambient air. 

2. Respiratory disease impairing alveolocapillary 
exchange of oxygen, e.g., chronic obstructive pulmonary 
disease, chronic left ventricular failure, the pneumocon- 
ioses. 

3. Abnormal right-to-left shunts in the circulation 
(cardiac septal defects and arteriovenous aneurysms). 

4. Inadequate tissue perfusion as in some forms of 
shock and low-output cardiac failure. 

5. Abnormalities in hemoglobin impairing oxygen 
dissociation, e.g., variant hemoglobins, methemoglobin. 


Inappropriate elaboration of erythropoietin is en- 
countered with a variety of neoplasms—renal cell car- 
cinoma, cerebellar hemangioblastoma, hepatoma, ad- 
renal adenoma, and uterine leiomyoma. It is also seen 
with hydronephrosis and renal cysts. When found in 
association with neoplasms, the erythropoietin appar- 
ently represents an ectopic secretory product. When 
seen in association with renal non-neoplastic diseases, 
it may result from disturbances in intrarenal flow, 
inducing local tissue hypoxia. 

As expected, removal of the implicated tumor or 
control of the underlying disease is followed promptly 
by a reversion of the blood count to normal. In contrast 
to polycythemia vera, the secondary forms of polycy- 
themia usually are not accompanied by any significant 
elevation in white cell or platelet counts. Moreover, the 
red cell counts usually are not as markedly elevated as 
in the primary form of the disease. 


BLEEDING DISORDERS— 
HEMORRHAGIC DIATHESES 


It is logical at this point to consider all the signifi- 
cant hemorrhagic disorders, whether they be related to 
platelet abnormalities or not. All have in common a 
tendency to spontaneous bleeding and excessive bleed- 
ing following trauma or a surgical procedure. Sponta- 
neous bleeding usually takes the form of numerous 
small hemorrhages (petechiae, purpura) into the skin, 
mucous membranes, internal organs, joint spaces, or 
other tissues. Excessive bleeding following trauma may 
be triggered by such trivial provocations as bumping 
into the corner of a table or taking a misstep, followed 
by massive bleeding into the knee joint. 

The causes of hemorrhagic diatheses can be divided 
into (1) increased fragility of vessels, (2) platelet defi- 
ciency or dysfunction, (3) derangements in the coagu- 
lation mechanism, and (4) combinations of these. Each 
of these categories is treated in successive sections. 


HEMORRHAGIC DIATHESES RELATED TO 
INCREASED VASCULAR FRAGILITY 


Disorders within this category, sometimes called 
nonthrombocytopenic purpuras, are relatively common 
but do not usually cause serious bleeding problems. 
Most often, they induce petechial and purpuric hem- 
orrhages in the skin or mucous membranes, particularly 
the gingivae. On occasion, however, more significant 
hemorrhages may occur into joints, muscles, and sub- 
periosteal locations or take the form of menorrhagia, 
nosebleeds, gastrointestinal bleeding, or hematuria. The 
platelet count, bleeding time, and coagulation time are 
usually normal. Sometimes, accompanying abnormali- 
ties in either platelet numbers or function contribute to 
the vascular instability by loss of the endothelial hom- 
eostatic role of platelets. 

The varied clinical conditions in which hemorrhages 
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can be related to abnormalities in the vessel wall include 
the following: 
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Many infections induce petechial and purpuric hemor- 
rhages, but especially implicated are meningococcemia, other 
forms of septicemia, severe measles, and several of the rick- 
ettsioses. The involved mechanism is presumably microbio- 
logic damage (vasculitis) to the microvasculature or DIC (p. 
649). 

Drug reactions sometimes induce abnormal bleeding. In 
many instances the vascular injury is mediated by the forma- 
tion of drug-induced antibodies and the deposition of immune 
complexes in the vessel walls, with the production of a 
hypersensitivity vasculitis (p. 522). 

Scurvy and the Ehlers-Danlos syndrome represent ex- 
amples of predisposition to hemorrhage related to impaired 
formation of the collagenous support of vessel walls. Essen- 
tially the same mechanism may be encountered in the very 
elderly in whom atrophy of collagen is implicated. Similar is 
the predisposition to skin hemorrhages in Cushing's syndrome, 
in which the protein-wasting effects of excessive corticosteroid 
production cause loss of perivascular supporting tissue. 

Henoch-Schénlein purpura is a systemic hypersensitivity 
disease of unknown cause characterized by a purpuric rash, 
colicky abdominal pain (presumably due to focal hemorrhages 
into the gastrointestinal tract), polyarthralgia, and acute glo- 
merulonephritis (p. 1022). All these changes are thought to 
result from the deposition of circulating immune complexes. 
within vessels throughout the body and within the glomerular 
mesangial regions. A generalized vasculitis occurs, accom- 
panied by an acute glomerulonephritis. With immunofluores- 
cent techniques, deposits of IgA, C’3, and fibrin can be seen 
within the mesangial regions of glomeruli. The trigger of the 
immunologic reaction is unknown, but there is some evidence 
suggesting activation of the alternate complement pathway 
because properdin is sometimes found in the glomeruli. In 
any event, the predisposition to hemorrhage resides in a 
hypersensitivity vasculitis. 


In most of these conditions, the hemorrhagic dia- 
thesis does not cause massive bleeding but more often 
calls attention to the underlying disorder. 


HEMORRHAGIC DIATHESES RELATED TO 
REDUCED PLATELET NUMBER: 
THROMBOCYTOPENIA 


Reductions in platelet number constitute an impor- 
tant cause of generalized bleeding. Depletion of the 
number of circulating platelets (thrombocytopenia) must 
be quite severe, to levels of the order of 10,000 to 
20,000 platelets per mm® (normal range = 150,000 to 
300,000 per mm?) before the hemorrhagic tendency 
becomes clinically evident. 

The important role of platelets in hemostasis was 
discussed in an earlier chapter (p. 93). It hardly needs 
reiteration that they are vital to hemostasis in that they 
form temporary plugs and participate in the clotting 
reaction. Thus, thrombocytopenia is characterized prin- 
cipally by bleeding, most often from small vessels. The 
common sites of such hemorrhage are the skin and 
mucous membranes of the gastrointestinal and geni- 
tourinary tracts, where the bleeding is usually associated 
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with the development of small petechiae. Intracranial 
bleeding is another danger in thrombocytopenic patients 
with markedly depressed platelet counts. 

The many causes of thrombocytopenia are cited in 
Table 14—7. | 

A few comments about the rare causes are in order 
before we turn to the more common forms of throm- 
bocytopenia. Generalized diseases of hone marrow may 
compromise the function or number of megakaryocytes. 
Thus, thrombocytopenia is seen in aplastic anemia, in 
the megaloblastic anemias of vitamin B,, and folate 
deficiency, and in the myelophthisic anemias related to 
metastatic cancer, leukemia, and diffuse myelofibrosis. 

Thrombocytopenia apparently due to defective 
function of megakaryocytes may be encountered in rare 
congenital disorders such as Fanconis anemia as well 
as in infections and drug reactions. In the Wiskott- 
Aldrich syndrome, a hereditary immunologic deficiency 
state (p. 208), there is also abnormal megakaryopoiesis. 

As with hemolytic anemias, thrombocytopenia may 
be an acquired disorder related to increased destruction 
of platelets following infections or drug ingestion. The 
drugs most commonlv involved are quinine, quinidine, 
chloramphenicol, alkylating agents, antimetabolites, and 
thiazide diuretics. Immune reactions are implicated in 
these drug reactions that are essentially similar to those 
underlying drug-induced hemolytic anemias (p. 629). 

Just as red cells may be destroyed by mechanical 
injury in microangiopathic hemolytic anemia, so plate- 
lets may be destroyed by prosthetic heart valves, the 


Table 14-7. CAUSES OF THROMBOCYTOPENIA 


Decreased production of platelets 
Generalized diseases of bone marrow 
Aplasia, congenital and acquired 
Invasive disease: leukemia, carcinoma, disseminated infection 
Deficiency states: folate or vitamin B,,. deficiency 
Diseases affecting megakaryocytes specifically 
Congenital 
Deficiency of a thrombopoietin-like substance 
Reduced or absent megakaryocytes, sometimes in 
association with other congenital defects 
Normal numbers of megakaryocytes; defective platelets 
produced 
Acquired 
Infection 
Drugs: cytotoxic drugs, chloramphenicol, thiazides 
Increased destruction of platelets 
Immunologic 
Autoimmune (ITP) 
Isoimmune: neonatal and posttransfusion 
Drug associated 
Infection 
Other drugs: alcohol; gold 
Increased utilization: disseminated intravascular coagulation 
Mechanical injury 
Prosthetic heart valves 
Thrombotic thrombocytopenic purpura 
Hemolytic-uremic syndrome 
Sequestration of platelets: large spleen syndrome 
Dilution of platelets: massive transfusions 


From Zieve, P. D., et al.: Thrombocytopenia. /n Zieve, P. D., and 
Levin, J.: Disorders of Hemostasis. Philadelphia, W. B. Saunders 
Co., 1976, p. 26. 
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narrowed microcirculation in malignant hypertension, 
and arterial disease associated with significant rough- 
ening of the endothelial surface. 

Thrombocytopenia may appear unpredictably in 
any patient who has marked splenomegaly, or what has 
been referred to as hypersplenism (p. 699). Normally 
the spleen sequesters 30 to 40% of the mass of circulat- 
ing platelets and, when enlarged, sequestrates as much 
as 90% of all platelets. Should the thrombocytopenia 
constitute an important part of the clinical problem, it 
can be cured by splenectomy. 

Massive transfusions may produce a dilutional 
thrombocytopenia. Blood stored for longer than 24 hours 
contains virtually no viable platelets; thus, plasma vol- 
ume and red cell mass are reconstituted by transfusion, 
but the number of circulating platelets is relatively 
reduced. 

All these forms of thrombocytopenia are uncom- 
mon, compared with the following conditions. 


Neonatal and Posttransfusion (lsoimmune) 
Thrombocytopenia 


Both these disorders are examples of the develop- 
ment of antibodies directed against a specific platelet 
isoantigen. In addition to HLA and ABO antigens, 
platelets possess several antigenic determinants not 
present in other blood cells.*? These include the Duzo, 
PL, and Bak antigen systems. Neonatal thrombocyto- 
penia develops in a fashion exactly parallel to the 
hemolytic reaction in erythroblastosis fetalis (p. 486). A 
PL“! antigen—negative mother carrying an antigen-pos- 
itive fetus develops IgG antibodies against the PL*! 
antigen and the resulting antibodies cross the placenta 
to cause thrombocytopenia in the newborn. Anti-PL*! 
antibodies are also believed to be responsible for the 
purpura associated with posttransfusional thrombocyto- 
penia. In most cases the patient is PL*!-negative and 
has been sensitized to PL‘“!-positive blood by either a 
previous transfusion or pregnancy. When transfused 
with blood containing PL*!-positive platelets, the anti- 
PL“! antibody present in the recipient destroys not only 
the transfused PL*‘!-positive platelets but also the au- 
tologous PL‘!-negative platelets, giving rise to throm- 
bocytopenia. How the patient's own PLA!-negative 
platelets are destroyed is not clear since the anti-PL*! 
antibody cannot react with them directly. It has been 
postulated that immune complexes containing anti-PL.“! 
antibody and PL”! antigen eluted from the donor plate- 
lets damage the PL*!-negative platelets as “innocent 
bystanders.” Alternatively, PL‘4!-positive and -negative 
platelets may share a closely related antigenic determi- 
nant with which the anti-PL*! antibody can cross-react. 
Proof, however, is lacking for either of these hypotheses. 


Idiopathic Thrombocytopenic Purpura (ITP) 


There is a growing tendency to refer to ITP as 
autoimmune thrombocytopenia. However, the desig- 
nation “idiopathic” seems more appropriate for the 


present time because it is not certain that the cause of 
the platelet destruction in all cases is autoimmune in 
origin. Nevertheless, there is general agreement that 
the thrombocytopenia is mediated by immunologic 
mechanisms, involving in most cases humoral antibodies 
or antigen-antibody complexes. Traditionally, ITP has 
been divided into acute and chronic forms, both of 
which are associated with increased platelet destruction 
and normal or increased megakaryocytes in the bone 
marrow. However, the pathogenesis of reduced platelet 
survival in the acute and chronic forms is probably quite 
distinct. 

Acute ITP is a self-limited disorder seen most often 
in children following a viral infection, e.g., rubella, 
cytomegalovirus, viral hepatitis, and infectious mono- 
nucleosis. It is assumed without definite proof that the 
infection in some way stimulates an immune response 
that leads to platelet destruction. It may well be that 
antigen-antibody complexes directed against the virus 
are adsorbed onto platelets, predisposing to phagocy- 
tosis in the mononuclear phagocyte system. Thus, acute 
ITP as currently understood does not represent direct 
antiplatelet, antibody-mediated thrombocytopenia. 

Chronic ITP occurs most often in adults, particu- 
larly in women of childbearing age. It may appear as a 
primary disease but sometimes is associated with an- 
other immunologic disorder such as autoimmune he- 
molytic anemia or SLE, or occasionally with some form 
of lymphoproliferative disease. 

PATHOGENESIS. There is a great deal of indirect 
evidence that most patients with chronic ITP have 
autoantibodies directed against platelets:** * (1) infants 
born to mothers with ITP are often thrombocytopenic; 
(2) the plasma of patients with ITP causes a rapid fall in 
platelet count when transfused into normal recipients; 
(3) the serum factor responsible for thrombocytopenia 
can be localized to the 7 S y-globulin fraction of plasma 
and absorbed specifically to human platelets; (4) normal 
platelets are rapidly destroyed when administered to 
patients with ITP; and (5) ITP is sometimes encountered 
in patients with other forms of autoimmune disease such 
as SLE, autoimmune thyroiditis, and others. Nonethe- 
less, direct evidence for the presence of circulating 
autoantibodies has been difficult to obtain, since con- 
ventional techniques for antibody detection such as 
agglutination are not easily adaptable for detection of 
antiplatelet antibodies. With some recently introduced 
refinements, however, it has been possible to detect 
and quantitate platelet-associated immunoglobulins 
(PAIgG), which are elevated in more than 90% of the 
patients with ITP. More important, the Jevels of PAIgG 
are inversely related to the platelet count and the 
platelet survival, suggesting a pathogenetic role for these 
antibodies. However, it should be pointed out that the 
detection of PAIgG in a patient with thrombocytopenia 
does not necessarily imply that the platelets are coated 
by autoantibodies. In certain clinical settings (e.g., drug- 
induced thrombocytopenia), the PAIgG may represent 
IgG-containing immune complexes bound to the platelet 
surface through its Fc-IgG receptor. 
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The exact nature of platelet antigens against which 
autoantibodies are formed in ITP has not been deter- 
mined, nor is it clear what triggers autoantibody for- 
mation. One or more of the factors discussed previously 
in the general discussion of autoimmunity may be 
relevant (p. 177). The increased frequency of HLA- 
DRW2 and the occurrence of ITP in monozygotic twins 
suggest that there may be an underlying genetically 
determined disorder of immune regulation.® * 

The mechanism of platelet destruction is similar to 
that seen in autoimmune hemolytic anemias (p. 629). 
Opsonized platelets are rendered susceptible to phago- 
cytosis by the cells of the mononuclear phagocytic 
system. Lysis by complement fixation seems not to play 
a major role. About 75 to 80% of patients are remarkably 
improved or sometimes cured following splenectomy, 
which suggests that the spleen is the major site of 
removal of sensitized platelets. Since it is also the major 
site of autoantibody synthesis, the beneficial effects of 
splenectomy may in part derive from removal of the 
source of atitoantibodies. 


MORPHOLOGY. The principal morphologic lesions of 
thrombocytopenic purpura are found in the spleen and bone 
marrow. The secondary changes related to the bleeding 
diathesis may be found in any tissue or structure in the 
body. 

The spleen may be slightly larger than normal but 
otherwise is grossly within normal limits. Histologically, there 
is congestion of the sinusoids and hyperactivity and enlarge- 
ment of the splenic follicles, manifest by the formation of 
prominent germinal centers. In many instances, megakary- 
ocytes are found within the sinuses and sinusoidal walls. 
However, in most cases of thrombocytopenic purpura the 
splenic findings are not distinctive, and in all instances can 
hardly be considered as pathognomonic of this disorder. 

The alterations in the bone marrow are equally disap- 
pointing. Most often the bone marrow appears quite normal 
and contains the usual numbers and types of erythropoietic 
and leukopoietic cells. An increased number of megakary- 
ocytes is usually seen. Some are apparently immature with 
large, nonlobulated, single nuclei. These findings are not 
characteristic of ITP, but merely represent accelerated 
thrombopoiesis. As such, they are seen in most forms of 
thrombocytopenia resulting from increased platelet destruc- 
tion. The importance of the bone marrow examination is to 
rule out thrombocytopenias resulting from bone marrow 
failure. A decrease in the number of megakaryocytes virtually 
rules out the diagnosis of ITP. 

The secondary changes relate to the hemorrhages that 
are dispersed throughout the body. The skin, serosal linings 
of the body cavities, epicardium and endocardium, lungs, 
and mucosal lining of the urinary tract are favorite sites for 
such petechial and ecchymotic hemorrhage (Fig. 14-21). 
Hemorrhages are also prone to occur in the brain, joint 
spaces, nasopharynx, and gastrointestinal tract. 


The clinical manifestations of this disease are quite 
variable. Occasionally, the disease begins with a sudden 
shower of petechial hemorrhages into the skin without 
apparent antecedent injury or disease. More frequently, 
there is a long history of easy bruising, nosebleeds, 
bleeding from the gums, and extensive hemorrhages 
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Figure 14—21. Thrombocytopenic purpura. Urinary tract with intra- 
pelvic hemorrhages in kidneys and focal mucosal hemorrhages in 
urinary bladder. 


into soft tissues from relatively minor trauma. Also, the 
disease may become manifest first by the appearance of 
melena, hematuria, or excessive menstrual flow. Sub- 
arachnoid hemorrhages and intracerebral hemorrhages 
are serious consequences of thrombocytopenic purpura, 
but are fortunately rare in patients treated with steroids. 
Occasionally the development of thrombocytopenia calls 
attention to the existence of an underlying autoimmune 
disease (e.g., SLE) or a lymphoproliferative disorder. 

The diagnosis can be only suspected in any case 
characterized by spontaneous or excessive hemorrhages, 
and must be confirmed by demonstration of thrombo- 
cytopenia with normal or increased megakaryocytes in 
the bone marrow. Accelerated thrombopoiesis also leads 
to the formation of abnormally large platelets (mega- 
thrombocytes) detected easily in a blood smear. The 
prolongation of the bleeding time and the normal or 
relatively normal clotting time confirm the presence of 
thrombocytopenia. A diagnosis of ITP, however, should 
be made only after all the possible overt causes for 
platelet deficiencies, such as those listed in Table 14-7, 
have been ruled out. 


Thrombotic Thrombocytopenic Purpura (TTP) 


This rare disorder of obscure nature is characterized 
mainly by thrombocytopenia, microangiopathic hemo- 
lytic anemia, fever, transient neurologic deficits, and 
renal failure. Underlying most of these clinical manifes- 
tations are widespread microthromhi in the arterioles, 
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capillaries, and venules throughout all organs and tissues 
in the body. The intravascular thrombi are composed 
primarily of loose aggregates of platelets that become 
consolidated into amorphous plugs and are eventually 
replaced by fibrin.” 

The condition occurs more commonly in females 
than in males, and usually in young adults. At one time 
it was regarded as almost invariably fatal, but it is now 
clear that with appropriate therapy (corticosteroids, 
splenectomy, platelet aggregation inhibitors, and, most 
recently, exchange transfusions) many patients survive. 

The pathogenesis of this disorder is still a puzzle.” 
Unlike DIC (p. 649), activation of the clotting sequence 
is not of primary importance. There are many sugges- 
tions that TTP is immunologically mediated. Comple- 
ment components and immunoglobulins can be dem- 
onstrated in the vascular lesions. An IgG antibody 
cytotoxic for cultured human endothelial cells has been 
reported in some cases.” Thus, it has been proposed 
that this condition involves, for still unknown reasons, 
an immunologic reaction against endothelial cells pre- 
disposing to the aggregation of platelets. Alternatively, 
it has been proposed that the primary defect is formation 
of platelet aggregates in the circulation, which then 
lodge in the microcirculation. It is postulated that these 
patients synthesize abnormal forms of factor VIII com- 
plex, which cause pathologic aggregation of platelets.°”* 
Factor VIII, as discussed later, is normally involved in 
the interaction of platelets with the subendothelial tis- 
sues (p. 648). A deficiency of prostacyclin, which nor- 
mally prevents platelet aggregation, has also been sug- 
gested. At our present state of ignorance we can probe 
no farther into the pathogenesis of this condition. Only 
two facts seem reasonably clear: the development of 
myriad platelet aggregates induces the thrombocyto- 
penia, and the intravascular thrombi provide a rational 
explanation for a microangiopathic form of hemolytic 
anemia. These clinicopathologic features are shared by 
two closely related conditions, the hemolytic-uremic 
syndrome (p. 1048) and DIC (p. 649). Although the 
three may have diverse etiologies and somewhat differ- 
ing patterns of organ involvement, common to all of 
them is widespread occlusion of the microvasculature 
due to deranged hemostasis. 


HEMORRHAGIC DIATHESES RELATED TO 
DEFECTIVE PLATELET FUNCTIONS 


Qualitative defects of platelet function may be 
congenital or acquired. Several congenital disorders 
characterized by prolonged bleeding time and normal 
platelet count have been described. The significance of 
these rare diseases lies mainly in the fact that they 
provide excellent model systems for investigating the 
molecular mechanisms of platelet functions. On the 
basis of the predominant functional abnormality, con- 
genital disorders of platelet function may be classified 
into three groups: (1) defects of adhesion, (2) defects of 
aggregation, and (3) disorders of platelet secretion (re- 
lease reaction). Bleeding resulting from defective adhe- 


sion of platelets to the subendothelial collagen is best 
illustrated by the autosomal recessive Bernard-Soulier 
syndrome. In this disorder there is an inherited defi- 
ciency of certain platelet membrane glycoproteins that 
are required for platelet-collagen interaction. Since 
adhesion of platelets to collagen also requires von Wil- 
lebrand factor (p. 92), a similar defect is also seen in 
von Willebrand’s disease (p. 648). However, unlike the 
latter, the prolonged bleeding time in the Bernard- 
Soulier syndrome cannot be corrected by infusion of 
plasma containing von Willebrand's factor since the 
defect is intrinsic to the platelet cell membrane. Bleed- 
ing due to defective platelet aggregation is exemplified 
by thrombasthenia, which is also transmitted as an 
autosomal recessive. Thrombasthenic platelets fail to 
aggregate with ADP, collagen, epinephrine, or throm- 
bin, possibly owing to a deficiency of two membrane 
glycoproteins that are involved in binding fibrinogen. 
In normal platelets these glycoproteins favor aggrega- 
tion, presumably by creating fibrinogen “bridges” be- 
tween adjacent platelets. Disorders of platelet secretion 
are characterized by normal initial aggregation with 
collagen or ADP, but the subsequent responses, such 
as secretion of prostaglandins and release of granule- 
bound ADP, are impaired. The underlying biochemical 
defects are varied, complex, and beyond the scope of 
our discussion. 

Among the acquired defects of platelet function, 
two are clinically significant. The first is related to 
ingestion of aspirin, which may significantly prolong the 
bleeding time. As you may recall, aspirin is a potent 
inhibitor of the enzyme cyclooxygenase and can suppress 
the synthesis of prostaglandins (p. 55), which are known 
to be involved in platelet aggregation and the subse- 
quent platelet release reaction (p. 94). In approximately 
10% of healthy normal subjects, ingestion of even 1 gm 
of aspirin may prolong the bleeding time significantly 
and lead to increased bruisability. Clinically, significant 
postoperative oozing may occur in such patients if 
aspirin is used as an analgesic. It is suspected that these 
individuals have minor platelet function defects that are 
magnified by the intake of aspirin. Uremia (p. 997) is 
the other condition that exemplifies an acquired defect 
in platelet functions. Although the pathogenesis of 
bleeding in uremia is complex and poorly understood, 
recent studies suggest that defective platelet function 
plays a role possibly related to impaired membrane 
interaction with von Willebrand factor.” 


HEMORRHAGIC DIATHESES RELATED TO 
ABNORMALITIES IN CLOTTING FACTORS 


A deficiency of every one of the known clotting 
factors has been reported at one time or another as the 
cause of a bleeding disorder. The bleeding in these 
conditions differs somewhat from that encountered in 
platelet deficiencies. The apparent spontaneous appear- 
ance of petechiae or purpura is uncommon. More often 
the bleeding manifests as the development of large 
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ecchymoses or hematomas following an injury or pro- 
longed bleeding after a laceration or any form of surgical 
procedure. Bleeding into the gastrointestinal and uri- 
nary tracts, and particularly into weight-bearing joints, 
is a common manifestation. Typical stories describe the 
patient who continues to ooze for days following a tooth 
extraction or who develops a hemarthrosis after a rela- 
tively trivial stress on a knee joint. History may well 
have been changed by the presence of a hereditary 
coagulation defect in the intermarried royal families of 
Great Britain and Europe. Clotting abnormalities may 
occur as acquired defects, or, as mentioned, be hered- 
itary in origin. 

Acquired disorders are usually characterized by 
multiple clotting abnormalities. Vitamin K deficiency 
(p. 412) results in depressed synthesis of factors II, VII, 
IX, and X. Since the liver makes virtually all of the 
clotting factors except for factor VIII, severe parenchy- 
mal liver disease may be associated with a hemorrhagic 
diathesis. DIC (p. 649) produces a deficiency of multiple 
coagulation factors. 

Hereditary deficiencies have been identified for 
each of the clotting factors. Deficiency of factor VHI 
(classic hemophilia) and factor IX (Christmas disease) 
are transmitted as sex-linked recessive disorders. Most 
of the others follow autosomal patterns of transmission. 
Typically, these kereditary disorders involve a single 
clotting factor. 

The details of the diagnostic tests used to identify 
the specific clotting factor deficiency are beyond our 
scope and are readily available in specialized texts.” In 
most cases, four screening procedures will localize the 
hemostatic abnormality: (1) the prothrombin time (PT), 
(2) the partial thromboplastin time (PTT), (8) the throm- 
bin time (TT), and (4) assay of fibrin split products. 
Against this background we can turn to the more 
common of the coagulation disorders. 


Deficiencies of Factor Vill Complex 


Until recently, classic hemophilia was the only 
disorder known to be caused by a deficiency of factor 
VIII, the antihemophilic globulin. Subsequent obser- 
vations make clear, however, that greater complexities 
exist. Factor VIII is no longer considered a single 
protein but a complex whose components are differen- 
tially affected in hemophilia and von Willebrand’s dis- 
ease. It is best, therefore, to begin our discussion with 
a review of the structure and functions of factor VIII. 

Currently, plasma factor VIII is considered ta be a 
complex made up of two components that can be distin- 
guished by functional, biochemical, immunologic, and 
genetic criteria. One component, which is required for 
the activation of factor X in the intrinsic coagulation 
pathway, is designated factor VIII:C, because of its role 
in the coagulation cascade. It is this component that has 
been referred to as factor VIII in the past and is deficient 
in classic hemophilia. Through noncovalent bonds, fac- 
tor VIII:C is complexed to another, much larger com- 
ponent, called factor VIII-related protein (VIII:R). This 
latter component, which is required for the interaction 
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of platelets with the subendothelium, is reduced in von 
Willebrand’s disease, and hence is also called von Wil- 
lebrand’s factor. Although they circulate together in the 
form of a complex, the two functional components of 
factor VIII have distinct antigenic determinants, which 
are identified as factor VIII:CAg and factor VIII:RAg. 
Von Willebrand’s factor (VIIJ:R) can also be detected in 
vitro by its ability to promote platelet aggregation 
induced by ristocetin (an antibiotic). Although ristocetin 
has no clinical usefulness as an antibiotic, it serves as a 
valuable tool for the detection of factor VIII:R in the 
laboratory. This in vitro function has earned yet another 
name for von Willebrand’s factor, namely, ristocetin 
cofactor (VIIIR:RC). The two components of factor VIII 
complex (VITLC and VIJI:R) appear to be products of 
separate genes, a concept supported by the distinct 
patterns of inheritance of hemophilia and von Wille- 
brand's disease. Since hemophilia characterized by de- 
ficiency of factor VIII:C is inherited as a sex-linked 
recessive, it can reasonably be concluded that the gene 
coding for the procoagulant protein resides on the X 
chromosome. On the other hand, the gene (or genes) 
coding for von Willebrand’s factor appear to be located 
on one or more autosomes, since von Willebrand's 
disease is inherited as an autosomal dominant. The site 
where factor VIII:C is synthesized is not yet certain, 
but the liver seems to be the favored organ. With 
respect to factor VIII:R, there is good evidence for 
synthesis by endothelial cells and possibly by megakar- 
vocevtes. In summary, the two components of factor VII 
complex (synthesized at separate sites) come together 
and circulate in the plasma as a complex molecule, 
which serves to promote clotting as well as platelet- 
vessel wall interaction necessary to ensure hemostasis. 
With this background, we can discuss hemophilia and 
von Willebrand’s disease, the two most common inher- 
ited disorders of bleeding. 


HEMOPHILIA 


This disease, also called hemophilia A or classic 
hemophilia, results from a reduced amount or activity 
of factor VIII:C. In keeping with sex-linked recessive 
inheritance, this condition occurs preponderantly in 
males and is usually transmitted by either affected 
fathers or carrier heterozygous mothers. Rarely, a fe- 
male heterozygote with extremely unfavorable lyoniza- 
tion (i.e., inactivation of the normal X chromosome in 
the majority of cells) may also manifest hemophilia. It 
is important to note that at least 25% of the patients do 
not have a family history of hemophilia, suggesting a 
fairly high frequency of de novo mutations. A practical 
implication of this observation is that a negative family 
history cannot be used to rule out hemophilia.“ As 
mentioned earlier, patients with hemophilia have re- 
duced factor VIII procoagulant activity, but factor 
VITI:RAg and ristocetin cofactor are normal. The differ- 
ence in levels of the two components of factor VIII is a 
fairly sensitive index, which can be used for the diag- 
nosis of hemophilia as well as for detection of carriers. 
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There is wide variation in the degree of factor VIII:C 
deficiency, the levels ranging from less than 1% of 
normal in severe cases to 5 to 50% in mildly affected 
cases. This variation -is best explained by assuming that 
more than one type of mutation is involved. In most 
patients, factor VIII:CAg level is reduced in parallel 
with the decrease in functional procoagulant activity, 
but in approximately 10% of patients, factor VIII:CAg 
levels are normal even though coagulant activity is low. 
To account for this disparity, the theory has been 
invoked of a mutation that causes the synthesis of a 
nonfunctional but antigenically normal protein. 

The clinical severity of hemophilia reflects the 
degree of factor VII:C deficiency. Approximately 20% 
of patients who have mild disease rarely suffer bleeding 
episodes and come to attention only after dental or 
surgical procedures. Another 25% have moderately se- 
vere disease and bleed profusely even after minor 
trauma; however, spontaneous hemorrhage is not seen. 
Unfortunately, the majority (55%) have severe disease 
with frequent severe spontaneous hemorrhages, partic- 
ularly in weight-bearing joints, giving rise to serious 
arthropathy in childhood. Such disabling complications 
can be reduced by replacement therapy in the form of 
cryoprecipitates or lyophilized factor VIII concentrates 
obtained from normal plasma. Therapy, however, is not 
without its problems. Recent reports point to the de- 
velopment of acquired immunodeficiency syndrome 
(AIDS, p. 208) in some hemophiliacs.” Those who 
receive lyophilized preparations of factor VIII seem to 
be at particular risk. How AIDS and therapy with 
lyophilized factor VIII are related is not known but 
transmission of an unidentified infectious agent is 
strongly suspected. The higher risk associated with 
transfusion of lyophilized factor VIII preparations may 
be related to the fact that these preparations (unlike 
cryoprecipitates) are derived from the pooled plasma of 
2000 to 5000 donors; understandably, the multiplicity 
of donors increases the chance that one or more of the 
plasma donors may be an unsuspected carrier of the 
AIDS “agent.” 


VON WILLEBRAND'S DISEASE 


This complex hemorrhagic disorder is characterized 
clinically by spontaneous bleeding from mucous mem- 
branes, menorrhagia, excessive bleeding from wounds, 
and a prolonged bleeding time.™ © In most cases it is 
transmitted as an autosomal dominant, but rare auto- 
somal recessive forms have also been described. 

The underlying cause of von Willebrand's disease 
appears to be qualitative or quantitative defects of factor 
VIII:R. Recall that this component of factor VIJI com- 
plex is required for the adhesion of platelets to suben- 
dothelial collagen. Thus, a deficiency of factor VIII:R 
results in a qualitative platelet defect, although the 
platelets themselves are intrinsically normal (in contrast 
with the Bernard-Soulier syndrome, p. 647). Deficiency 
of factor VIII:R can be detected by impaired ristocetin- 
induced platelet aggregation and reduced levels of factor 


VIII:R antigen. Quite unexpectedly, levels of factor 
VIUI:C, the procoagulant component of factor VIII 
complex, are also reduced. Even more puzzling is the 
observation that infusion of factor VIII:C—deficient (he- 
mophilic) plasma causes an increase in the level of 
procoagulant activity. This observation, taken with the 
autosomal pattern of inheritance, suggests that these 
patients have the genetic capacity to synthesize factor 
VIIL:C. Why factor VIII:C levels are low, then, is not 
clear. It has been postulated that normal factor VHI:R 
either protects the procoagulant component (VIII:C) 
from degradation or influences its synthesis and release 
in some undefined manner. To summarize, in the most 
common form, called “classical” von Willebrand's dis- 
ease, there is a deficiency of factor VII:R manifested 
by reduced factor VUI:RAg and VIIIR:RC (ristocetin 
cofactor) accompanied by a secondary deficiency of 
factor VIIIL:C. There is thus a compound defect involv- 
ing both platelet functions and the coagulation pathway. 
Several much less common variant forms of von Wille- 
brand’s disease have also been described. In some of 
these, the level of factor VIIIR:Ag is normal but the 
ristocetin cofactor (VIII R:RC) is reduced, suggesting 
the synthesis of an antigenically normal but nonfunc- 
tional factor VIII:R. Although all these new findings 
might be considered a “tempest in a teapot,” recent 
studies point out that von Willebrand’s factor may also 
be important in other diseases. Thus, it may be involved 
in the pathogenesis of atherosclerosis, possibly by en- 
hancing platelet adhesion to sites of endothelial injury. 
For now, we must leave it that von Willebrand’s disease 
manifests as an inherited hemorrhagic diathesis that 
may be more common than has been appreciated. 


Factor IX Deficiency (Christmas Disease, 
Hemophilia B) 


Factor IX deficiency can be briefly characterized as 
a more rare but more severe form of hemophilia. The 
interesting designation Christmas disease has no festive 
connotation; it refers to the name of the original patient 
identified with this disorder. Two distinctive forms have 
been recognized, one with apparently normal levels of 
inactive protein and another with deficient levels of the 
coagulant factor. Both are transmitted by sex-linked 
recessive inheritance similar to the mode of transmission 
of classic hemophilia. Rarely, factor IX deficiency is 
encountered in patients having severe forms of protein- 
losing glomerulopathies. The bleeding in Christmas 
disease is usually severe and, when it affects joints, 
frequently leads to crippling deformities. 


DISSEMINATED INTRAVASCULAR 
COAGULATION (DIC, CONSUMPTION 
COAGULOPATHY) 


Disseminated intravascular coagulation is an ac- 
quired thrombohemorrhagic disorder occurring as a 
secondary complication in a variety of diseases. It is 
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characterized by activation of the coagulation sequence 
that leads to the formation of microthrombi throughout 
the microcirculation of the body, but often in a quixot- 
ically uneven distribution. Sometimes the coagulopathy 
is localized to a specific organ or tissue. As a consequence 
of the thrombotic diathesis, there is consumption of 
platelets, fibrin, and coagulation factors and, second- 
arily, activation of fibrinolytic mechanisms (p. 96). Thus, 
DIC may present as an acute complication with signs 
and symptoms relating to tissue hypoxia and infarction 
caused by the myriad microthrombi, or as a hemorrhagic 
disorder related to depletion of the elements required 
for hemostasis (hence the term consumption coagulop- 
athy). Activation of the fibrinolytic mechanism aggra- 
vates the hemorrhagic diathesis. Because of the con- 
sumption and secondary lysis of fibrin, DIC is also 
called deftbrination syndrome 

ETIOLOGY AND PATHOGENESIS. At the outset it must 
be emphasized the DIC is not a primary disease. It is 
a coagulopathy that occurs in the course of a variety of 
clinical conditions. In discussing the general mecha- 
nisms underlying DIC, it would be useful to review 
briefly the normal process of blood coagulation and clot 
removal discussed earler (p. 91). It suffices here to recall 
that clotting may be initiated by either of two pathways: 
(1) the extrinsic pathway, which is triggered by the 
release of tissue thromboplastin; and (2) the intrinsic 
pathway, which involves the activation of factor XII by 
surface contact with collagen or other negatively charged 
substances. Both pathways, through a series of inter- 
mediate steps, result in the generation of thrombin, 
which in turn converts fibrinogen to fibrin. This process 
is regulated by clot-inhibiting influences, which include 
the activation of fibrinolysis involving generation of 
plasmin, and the clearance of activated clotting factors 
by the reticuloendothelial system or by the liver. From 
this brief review, it may be concluded that DIC may 
result from pathologic activation of the extrinsic and/or 
intrinsic pathways of coagulation or impairment of clot- 
inhibiting influences. Since the latter rarely constitute 
primary mechanisms of DIC, we will focus our attention 
on the abnormal initiation of clotting.” 

There are two major mechanisms by which DIC 
may be triggered: (1) release of tissue thromboplastin 
or thromboplastic substances into the circulation; (2) 
widespread injury to the endothelial cells. Tissue throm- 
boplastins initiate the extrinsic pathway and may be 
derived from a variety of sources, such as placenta in 
obstetric complications (Table 14-8) and the granules of 
leukemic cells in acute promyelocytic leukemia (p. 684). 
Mucus released from certain adenocarcinomas can also 
act as a thromboplastic substance by directly activating 
factor X, independent of factor VII. In gram-negative 
sepsis, bacterial endotoxins can cause release of throm- 
boplastic substances contained within the lysosomes of 
granulocytes and monocytes. Endothelial injury, the 
other major trigger, can initiate DIC by causing platelet 
aggregation and by activating the intrinsic coagulation 
pathway. Widespread endothelial injury may be pro- 
duced by deposition of antigen-antibody complexes 


Bleeding Disorders—Hemorrhagic Diatheses 


650 
Table 14-8. MAJOR DISORDERS ASSOCIATED WITH DIC 


1. Obstetric Complications 
Abruptio placentae 
Retained dead fetus 
Septic abortion 
Amniotic fluid embolism 
Toxemia 


2. Infections 
Gram-negative sepsis 
Meningococcemia 
Rocky Mountain spotted fever 
Histoplasmosis 
Aspergillosis 
Malaria 


G 


. Neoplasms 
Carcinomas of pancreas, prostate, lung, and 
stomach 
Acute promyelocytic leukemia 


4. Massive Tissue Injury 
Traumatic 
Burns 
Extensive surgery 


a 


. Miscellaneous 
Acute intravascular hemolysis, snakebite, giant 
hemangioma, shock, heatstroke, vasculitis, aortic 
aneurysm, liver disease 


(e.g., SLE), temperature extremes (e.g., heat stroke, 
burns), or microorganisms (e.g., meningococci, rickett- 
siae). 

Several disorders associated with DIC are listed in 
Table 14-8. Of these, DIC is most likely to follow 
obstetric causes, malignancy, sepsis, and major trauma. 
The initiating factors in these conditions are often mul- 
tiple and interrelated. For example, in infections, par- 
ticularly those caused by gram-negative bacteria, endo- 
toxins released by the bacteria may activate both the 
intrinsic and extrinsic pathways by producing endo- 
thelial cell injury and release of thromboplastins from 
inflammatory cells. Endothelial cell damage may also 
be produced directly by meningococci, rickettsiae, and 
viruses. Antigen-antibody complexes formed during the 
infection can activate the classic complement pathway, 
and the complement fragments can secondarily activate 
both platelets and granulocytes. Endotoxins as well as 
other bacterial products are also capable of directly 
activating factor XII. In massive trauma, extensive sur- 
gery, and severe burns, the major mechanism of DIC 
is believed to be autoinfusion of tissue thromboplastins. 
In obstetric conditions thromboplastins derived from 
the placenta, dead retained fetus, or amniotic fluid may 
enter the circulation. However, hypoxia, acidosis, and 
shock, which often coexist with the surgical and obstetric 
conditions, can also cause widespread endothelial injury. 
Supervening infection may complicate the problems 
further. Among cancers, acute promyelocytic leukemia 
and carcinomas of the lung, pancreas, prostate, and 
stomach are most frequently associated with DIC.® 
These tumors are associated with the release of a variety 
of thromboplastic substances including tissue factors, 
proteolytic enzymes, mucin, and other undefined tumor 
products. 
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The consequences of DIC are twofold. First, there 
is widespread deposition of fibrin within the microcir- 
culation. This may lead to ischemia of the more severely 
affected or more vulnerable organs, and to a hemolytic 
anemia resulting from fragmentation of red cells as they 
squeeze through the narrowed microvasculature (mi- 
croangiopathic hemolytic anemia, p. 629). Second, a 
hemorrhagic diathesis may dominate the clinical picture. 
This results from consumption of platelets and clotting 
factors as well as activation of plasminogen. Plasmin can 
not only cleave fibrin but also digest factors V and VIII, 
thereby reducing their concentration further. In addi- 
tion, fibrinolysis leads to the formation of fibrin degra- 
dation products, which inhibit platelet aggregation and 
fibrin polymerization, and have antithrombin activity. 
All these influences lead to the hemostatic failure seen 
in DIC (Fig. 14-22). 


MORPHOLOGY. In general, thrombi are found in the 
following sites in decreasing order of frequency: brain, heart, 
lungs, kidneys, adrenals, spleen, and liver.*® However, no 
tissue is spared and occasionally thrombi are found in only 
one or several organs without affecting others. In giant 
hemangiomas, for example, they are localized to the neo- 
plasm. In this condition they are believed to result from local 
stasis and recurrent trauma to the poorly supported blood 
vessels. Sometimes they affect only the kidneys and here 
may induce only focal tubular cell necrosis, but in severe 
cases microinfarcts or even bilateral renal cortical necrosis 
may result. Numerous fibrin thrombi may be found in the 
alveolar capillaries, sometimes associated with pulmonary 
edema and exudation of fibrin, to create “hyaline mem- 
branes.” In the central nervous system, microinfarcts may 
be caused by the fibrin thrombi, occasionally complicated by 
simultaneous fresh hemorrhage. Such changes are the basis 
for the bizarre neurologic signs and symptoms sometimes 
observed in this syndrome. Microthrombi may appear in the 
myocardium, but only rarely are they associated with infarc- 
tion. The manifestations of DIC in the endocrine glands are 
of considerable interest. In meningococcemia, the massive 
adrenal hemorrhages of the Waterhouse-Friderichsen syn- 
drome (p. 1236) are probably related to fibrin thrombi within 
the microcirculation of the adrenal cortex. Similarly, Shee- 
han’s postpartum pituitary necrosis (p. 1198) may be one of 
the expressions of DIC. In toxemia of pregnancy (p. 1155), 
the placenta exhibits widespread microthrombi, providing a 
plausible explanation for the premature atrophy of the cyto- 
trophoblast and syncytiotrophoblast encountered in this con- 
dition. 

The bleeding manifestations of DIC are not dissimilar 
to those encountered in the hereditary and acquired disor- 
ders affecting the hemostatic mechanism discussed above. 


CLINICAL CourRSE. The onset may be fulminating, 
as in endotoxic shock or amniotic fluid embolism, or it 
may be insidious and chronic, as in cases of carcinoma- 
tosis or retention of a dead fetus. Overall, about 50% of 
individuals with DIC are obstetric patients having com- 
plications of pregnancy. In this setting, the disorder 
tends to be reversible with delivery of the fetus. About 
33% of the patients have carcinomatosis. The remaining 
cases are associated with the very varied entities pre- 
viously listed. The myriad manifestations may be slight 
or climactic and depend on whether circulatory obstruc- 


Figure 14-22. Pathophysiology of DIC. 


Ischemic tissue damage 
and microangiopathic 
hemolytic anemia 


tion or bleeding tendencies predominate and where the 
intravascular coagulation strikes. It is almost impossible 
to detail all the potential clinical presentations, but a 
few common patterns may be cited. A microangiopathic 
hemolytic anemia may appear. Respiratory symptoms 
such as dyspnea, cyanosis, and extreme respiratory 
difficulty may predominate. Neurologic signs and symp- 
toms represent another pattern including convulsions 
and coma. Renal changes such as oliguria and acute 
renal failure may dominate. Circulatory failure and 
shock may appear suddenly or develop progressively. 
In general, acute DIC, associated for example with 
obstetric complications or major trauma, is dominated 
by bleeding diathesis, whereas chronic DIC such as 
may occur in a patient with cancer tends to present 
initially with thrombotic complications. But in all in- 
stances the signs and symptoms may change during the 
course of the disease as thrombotic manifestations are 
replaced by hemorrhagic complications, or vice versa. 
Accurate clinical observation and laboratory studies are 
necessary for the diagnosis. It is usually necessary to 
monitor the following: fibrinogen, platelets, prothrom- 
bin time, thrombin time, partial thromboplastin time, 
and fibrin degradation products. 

The prognosis is highly variable and depends, to a 
considerable extent, on the underlying disorder. The 
management of these cases requires meticulous maneu- 
vering between the Scylla of the thrombotic tendency 
and the Charybdis of the bleeding diathesis. Thus is 
posed the dilemma of whether to attempt to block 
coagulation or to control bleeding by the administration 
of coagulants. Each patient must be treated individually 
and, depending on the clinical picture, potent antico- 
agulants such as heparin and antithrombin III or coag- 
ulants in the form of fresh-frozen plasma may be admin- 
istered. Platelet transfusions may sometimes be 
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necessary. DIC is another of the therapeutist’s night- 
mares. 
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Eosinophilic granuloma—unifocal and 
multifocal 
Angioimmunoblastic lymphadenopathy 


*With gratitude to Dr. Jose Hernandez, Southwestern Medical School, Dallas, Texas, for a critical review of this chapter. 


NORMAL 


The origin and differentiation of white cells (gran- 
ulocytes, monocytes, and lymphocytes) were briefly 
discussed in Chapter 14 along with the other formed 
elements of blood. Lymphocytes and monocytes not 
only circulate in the blood and lymph, but also accu- 
mulate in discrete and organized masses, the so-called 
lymphoreticular system. Components of this system 
include lymph nodes, thymus, spleen, tonsils, adenoids, 
and Peyer’s patches. Less discrete collections of lym- 
phoid cells also occur in the bone marrow, lungs, and 
gastrointestinal tract and other tissues. Lymph nodes 
are the most widely distributed and easily accessible 
component of the lymphoid tissue and are therefore 
frequently examined for the diagnosis of lymphoreticular 
disorders. It would therefore be advantageous to review 
the normal morphology of lymph rodes. 

Lymph nodes, in general, are discrete structures, 
ovoid in shape, that vary from a few millimeters to 1 to 
2 cm in length. Their consistency is soft and their cut 
surface is gray-white. They are surrounded by a capsule 
composed of connective tissue and a few elastic fibrils, 
perforated at various points by afferent lymphatics that 
empty into the peripheral sinus subjacent to the capsule. 
Branches of the sinus extend into the nodes and termi- 
nate at the hilus, where the efferent lymphatics emerge. 
All lymphatics are lined with reticuloendothelial cells. 
Situated in the cortex or peripheral portion of the node 
are spherical aggregates of lymphoid tissue, the so- 
called primary follicles, which represent the B-cell 
areas. Upon antigenic stimulation, the primary follicles 
enlarge and develop pale-staining germinal centers com- 
posed of follicular center cells (lymphocytes in varying 
stages of activation, described on p. 663). Surrounding 
these germinal centers are mantles of small unchal- 


lenged B cells. The T cells occupy the parafollicular 
regions (p. 158). The medullary cords, occupying the 
central portion of the node, contain predominantly 
plasma cells and some lymphocytes. A delicate reticulin 
that connects peripherally with the capsule is the pre- 
dominant supporting structure within the lymph nodes. 

The morphologic description of the lymph node 
just given is highly idealized and falsely static. The size 
and morphology of lymph nodes are modified by stress, 
thyroid and adrenal function, and immune responses. 
As secondary lines of defense, they are constantly re- 
sponding to stimuli, even in the absence of clinical 
disease. Trivial injuries and infections effect subtle 
changes in lymph node histology. More significant bac- 
terial infections inevitably produce enlargement of 
nodes and sometimes leave residual scarring. For this 
reason, lymph nodes in the adult are almost never 
“normal,” since they usually bear the scars of previous 
events, rendering the inguinal nodes particularly inap- 
propriate for evaluative biopsies. Except in the child, it 
is difficult to find a “normal” node, and in histologic 
evaluations it is often necessary to distinguish changes 
secondary to past experience from those related to 
present disease. 


PATHOLOGY 


Disorders of white cells may be classified into two 
broad categories, proliferative and those characterized 
by a deficiency of leukocytes, i.e., leukopenias. Prolif- 
erations of white cells and lymph nodes may be reactive 
or neoplastic. Since their major function is host defense, 
reactive proliferation in response to an underlying pri- 
mary, often microbial disease is fairly common. Neo- 
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plastic disorders, although less frequent, are much more 
important. In the following discussion, we will describe 
first the leukopenic states and summarize the common 
reactive disorders, and then consider in some detail 
malignant proliferations of the white cells that in many 
instances arise in the nodes. 


LEUKOPENIA 


The number of circulating white cells may be 
markedly decreased in a variety of disorders. An abnor- 
mally low white cell count (leukopenia) may occur 
because of decreased numbers of any one of the specific 
types of leukocytes, but most often involves the neutro- 
phils (neutropenia, granulocytopenia). Lymphopenias 
are much less common, and in addition to the congenital 
immunodeficiency diseases (p. 205) they are associated 
with specific clinical syndromes (e.g., Hodgkin's disease, 
nonlymphocytic Jeukemias, following corticosteroid 
therapy, and occasionally in chronic diseases). Onlv the 
more common leukopenias involving granulocytes will 
be discussed here. 


Neutropenia—Agranulocytosis 


Reduction in the number of granulocytes in the 
peripheral blood—neutropenia—may be seen in a wide 
variety of circumstances. Frequently it is transient and 
of trivial significance. Sometimes the reduction in cir- 
culating neutrophils is marked and has serious conse- 
quences by predisposing to infections. When of this 
magnitude, it is referred to as agranulocytosis. The 
lymphocytes are not affected, so the percentage of 
lymphocytes is increased (relative lymphocytosis). 

PATHOGENESIS. Considering first the broad topic 
of neutropenia, whatever its severity, a reduction in 
circulating granulocytes will occur if (1) granulopoiesis 
fails to keep pace with the normal turnover rate of 
neutrophils or (2) there is accelerated removal of neu- 
trophils from the circulating blood. You recall that the 
neutrophil is a verv short-lived cell having a half-life of 
only six to seven hours. Any impairment of granulo- 
poiesis can therefore induce a neutropenia within hours 
to a few days. 

Inadequate or ineffective granulopoiesis may be 
encountered with (1) suppression of pluripotent myeloid 
stem cells, as occurs in aplastic anemia (p. 638) and a 
varicty of leukemias and lymphomas (p. 683)—in these 
conditions, granulocytopenia is accompanied by anemia 
and thrombocytopenia; (2) suppression of the committed 
granulocytic precursors, which occurs after exposure to 
certain drugs, as discussed below; (3) megaloblastic 
anemias, due to vitamin B,, or folate deficiency (p. 630), 
in which defective DNA synthesis produces abnormal 
granulocytic precursors, rendering them susceptible to 
intramedullary death (ineffective granulopoiesis). Mar- 
row granulopoiesis is increased but the number of 
mature neutrophils entering the blood is decreased. 


Accelerated removal or destruction of neutrophils 
is encountered with (1) immunologically mediated injury 
to the neutrophils, which may be idiopathic with no 
other abnormality, associated with a well-defined im- 
munologic disorder (e.g., Felty’s syndrome, p. 1355), 
or produced by exposure to drugs; (2) splenic seques- 
tration in which excessive destruction occurs secondary 
to enlargement of the spleen (p. 699), associated also 
with excessive destruction of red cells and platelets. 

Among the many associations mentioned, the most 
significant neutropenias (agranulocytoses) are produced 
by drugs.' Certain drugs, such as alkylating agents and 
antimetabolites used in cancer treatment, produce 
agranulocytosis in a predictable, dose-related fashion. 
They cause a generalized suppression of the bone mar- 
row, and therefore other cells are also affected (aplastic 
anemia). Agranulocytosis may also be encountered as an 
idiosyncratic reaction to a large variety of agents. The 
roster of implicated drugs includes aminopyrine, chlor- 
amphenicol, sulfonamides, chlorpromazine, thiouracil, 
and phenylbutazone. Although the mechanism of agran- 
ulocytosis here is obscure, both decreased production 
and increased destruction have been implicated. The 
neutropenia induced by chlorpromazine and _ related 
phenothiazines is of slow onset and is believed to result 
from the suppression of granulocytic precursors in the 
bone marrow. Chlorpromazine can inhibit DNA synthe- 
sis of marrow cells in vitro, and therefore it is postulated 
that certain individuals unusually sensitive to this effect 
develop agranulocytosis. Neutrophil production gradu- 
ally becomes normal after the cessation of drug therapy. 
Agranulocytosis following administration of aminopyr- 
ine, thiouracils, and certain sulfonamides is believed to 
result from immunologically mediated destruction of 
mature neutrophils. Antibodies reactive against a com- 
plex between the drug or its metabolite (acting as the 
hapten) and leukocyte proteins may evoke a Type II 
hypersensitivity reaction. Alternatively, neutrophils 
may be damaged as innocent bystanders by the adsorp- 
tion of drug-antibody complexes on the surface and the 
subsequent activation of complement. In many cases, 
no antecedent cause of neutropenia can be detected but 
autoimmunity is suspected, since serum antibodies di- 
rected against neutrophil-specific antigens can be de- 
tected. 


MORPHOLOGY. The anatomic alterations in the bone 
marrow depend on the underlying basis of the neutropenia. 
When it is caused by excessive destruction of the mature 
neutrophils, the marrow may be hypercelilular with increased 
numbers of immature granulocytic precursors. Hypercellu- 
larity is also seen with ineffective granulopoiesis, as occurs 
in megaloblastic anemias. Agranulocytosis caused by agents 
that affect the committed granulocytic precursors are under- 
standably associated with hypocellular marrow, resulting 
from greatly decreased leukopoietic elements. Erythropoie- 
sis and megakaryocytes usually remain at normal levels, but 
with certain myelotoxic drugs all marrow elements may be 
affected. Occasionally, increased numbers of plasma cells 
and lymphocytes are found in the marrow, particularly as 
the marrow becomes acellular. 


Infections are a characteristic feature of agranulo- 
cytosis. Ulcerating necrotizing lesions of the gingiva, floor 
of the mouth, buccal mucosa, pharynx, or anywhere within 
the oral cavity (agranulocytic angina) are quite characteristic 
of agranulocytosis (Fig. 15-1). These ulcers are typically 
deep, undermined, and covered by gray to green-black 
necrotic membranes from which numbers of bacteria or fungi 
can be isolated. Similar ulcerations may occur in the skin, 
vagina, anus, or gastrointestinal tract, but these sites are 
much less frequently involved. Severe necrotizing infections 
are also encountered, but less prominently, in the lungs, 
urinary tract, and kidneys. All these sites of infection are 
characterized by massive growth of bacteria (or other 
agents) with relatively poor leukocytic response. In many 
instances, the bacteria grow in colony formation (botryomy- 
cosis) as though they were cultured on nutrient media. The 
regional lymph nodes draining these infections are enlarged 
and inflamed. The spleen and liver are rarely enlarged. 


CLINICAL CourRsE. Agranulocytosis tends to follow 
a fairly characteristic clinical pattern. The initial symp- 
toms are often malaise, chills, and fever, followed in 
sequence by marked weakness and fatigability, symp- 
toms that stem from the severe infections characteristic 
of this disorder. In severe agranulocytosis with virtual 
absence of neutrophils, these infections may become so 
overwhelming as to cause death within a few days. Less 
extreme depression of the marrow may appear insidi- 
ously and come to light only during the investigation of 
frequent and persistent minor infections. 

Characteristically, the total white cell count is 
reduced to 1000 cells per mm? of blood and, in certain 
instances, to levels as low as 200 to 300 cells. Usually 
there is no associated anemia, save that caused by the 
infections, nor is there thrombocytopenia. 

The prognosis is very unpredictable. Before the 
advent of antibiotics, the mortality rate ranged between 
70 and 90%. At present the antibiotics and supportive 
measures such as neutrophil transfusions allow better 
survival since, in many instances, the adverse effects of 
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Figure 15-1. Granulocytopenia. Gingival margins show chronic 
suppurative necrotizing infection due to loss of protective white cells 
in circulation. 


655 


the toxic drug are discovered early and the depression 
of white cells eventually remits. The idiopathic form, 
too, may spontaneously remit or may progressively 
worsen, leading to death. 


White Cells and Lymph Nodes 


REACTIVE (INFLAMMATORY) 
PROLIFERATIONS OF WHITE CELLS 


Leukocytosis 


Leukocytosis is a common reaction in a variety of 
inflammatory states. The particular white cell series 
affected varies with the underlying cause. In Chapter 2 
we discussed polymorphonuclear leukocytosis (granulo- 
cytosis), which accompanies acute inflammation. Pyo- 
genic infections are common causes of neutrophilic 
leukocytosis, but it may also result from nonmicrobial 
stimuli such as tissue necrosis caused by burns or 
myocardial infarction. In patients with severe, life- 
threatening sepsis, in addition to leukocytosis there may 
be morphologic changes in the neutrophils such as toxic 
granulations, Déhle bodies, and cytoplasmic vacuoles. 
Toxic granules are coarse and darker than the normal 
neutrophilic granules. Although their precise origin fs 
not entirely clear, they are believed to represent ab- 
normal forms of azurophilic granules. Déhle bodies are 
pale blue, round or oval inclusions that represent a¥- 
gregates of the rough endoplasmic reticulum. 

Eosinophilic leukocytosis is characteristic of allergic 
disorders such as bronchial asthma, hay fever (p. 727), 
parasitic infections, and some diseases of the skin. The 
latter include pemphigus, eczema, and dermatitis her- 
petiformis, all of which are probably immunologic in 
origin. Elevations in monocyte count may be seen in 
several chronic infections including tuberculosis, bac- 
terial endocarditis, brucellosis, rickettsiosis, and ma- 
laria. Certain collagen vascular diseases such as systemic 
lupus erythematosus (SLE) and rheumatoid arthritis are 
also associated with monocytosis. Lymphocytusis may 
accompany monocytosis in chronic inflammatory states 
such as brucellosis and tuberculosis, representing in 
these instances a sustained activation of the immune 
response. The lymphocyte count may also be increased 
in acute viral infections such as viral hepatitis, in cyto- 
megalovirus infections, and particularly in infectious 
mononucleosis (p. 288). 

In most instances, reactive leukocytosis is easy to 
distinguish from neoplastic proliferation of the white 
cells (i.e., leukemias) by the rarity of immature cells in 
the blood. However, in some inflammatory states, many 
immature white cells may appear in the blood and a 
picture of leukemia may be simulated (leukemoid reac- 
tion). The distinction from leukemias may then be 
difficult, as discussed on page 680. 

Infections and other inflammatory stimuli may not 
only cause leukocytosis but also involve the lymph 
nodes, which act as defensive barriers. The infections 
that lead to lymphadenitis (described below) are so 
numerous and varied that it is impossible to detail each, 
since it would be a virtual catalog of «all systemic 
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microbiologic diseases. Moreover, in most instances the 
lymphadenitis is of a banal variety and is entirely 
nonspecific, designated acute or chronic nonspecific 
lymphadenitis. 


Acute Nonspecific Lymphadenitis 


Lymph nodes undergo reactive changes whenever 
challenged by microbiologic agents or their toxic prod- 
ucts, or by cell debris and foreign matter introduced 
into wounds or into the circulation, as in drug addiction. 

Acutely inflamed nodes are most commonly caused 
by direct microbiologic drainage, and are seen most 
frequently in the cervical area in association with infec- 
tions of the teeth or tonsil, or in the axillary or inguinal 
regions secondary to infections in the extremities. Sim- 
ilarly, acute lymphadenitis is found in those nodes 
draining acute appendicitis, acute enteritis, or any other 
acute infections. Generalized acute lymphadenopathy is 
characteristic of viral infections and bacteremia, partic- 
ularly in children. The nodal reactions in the abdomen— 
mesenteric adenitis—may induce acute abdominal 
symptoms closely resembling acute appendicitis, a dif- 
ferential diagnosis that plagues the surgeon. 


Macroscopically, the nodes become swollen, gray-red, 
and engorged. The capsules are generally intact, but per- 
meation of infection may lead to inflammatory changes in 
the perinodal tissues. Histologically there is prominence of 
the lymphoid follicles and large germinal centers containing 
numerous mitotic figures. Histiocytes often contain particu- 
late debris of bacterial origin or derived from necrotic cells 
(Fig. 15—2). When pyogenic organisms are the cause of the 
reaction, the centers of the follicles may undergo necrosis; 
indeed, the entire node may sometimes be converted into a 
suppurative mass. With less severe reactions, there is some- 
times a neutrophilic infiltrate about the follicles, and numer- 
ous neutrophils can be found within the lymphoid sinuses. 
The cells lining the sinuses become hypertrophied and 
cuboidal and may undergo hyperplasia. 


Clinically, nodes with acute lymphadenitis are en- 
larged because of the cellular infiltration and edema. As 
a consequence of the distention of the capsule, they are 
tender to touch. When abscess formation is extensive, 
they become fluctuant. The overlying skin is frequently 
red, and sometimes penetration of the infection to the 
skin surface produces draining sinuses, particularly 
when the nodes have undergone suppurative necrosis. 
With control of the infection, the lymph nodes may 
revert to their normal appearance or scarring may follow 
the more destructive disease. 


Chronic Nonspecific Lymphadenitis 


Chronic reactions assume one of three patterns, 
depending on their causation. Most chronic infections 
caused by organisms that represent B-cell antigens 
induce follicular hyperplasia. Microbiologic agents or 
antigens that stimulate T cells produce a second type of 
pattern, called paracortical lymphoid hyperplasia. Drugs 
such as the anticonvulsant Dilantin (phenytoin) serving 
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centers with large histiocytic cells showing phagocytic activity. 


as haptens may induce this pattern of parafollicular 
hyperplasia. A third nonspecific pattern, referred to as 
sinus histiocytosis, is encountered in regional nodes 
draining a site of cancer. 


Follicular hyperplasia is distinguished by prominence 
of the large germinal centers, which appear to bulge against 
the surrounding collar of small B lymphocytes (Fig. 15-3). 
The follicular enlargement may be readily mistaken for 
nodular lymphoma (p. 658). Prominent within these germinal 
centers are lymphocytes in varying stages of “blast” trans- 
formation and large numbers of histiocytes containing 
phagocytized debris of bacterial or cellular origin. Plasma 
cells, histiocytes, and occasionally neutrophils or eosinophils 
may be found in the parafollicular regions, and there gen- 
erally is striking hyperplasia of the reticuloendothelial cells 
lining the lymphatic sinuses. 

Paracortical lymphoid hyperplasia is characterized 
by reactive changes within the T-cell regions of the lymph 
node, which encroach on, and sometimes appear to efface, 
the germinal follicles. In these regions the T cells undergo 
progressive transformation to immunoblasts. These large 
cells, when viewed within a sea of smaller lymphocytes, 
impart a mottled appearance to the T-cell zones. In addition, 
there is hypertrophy of the sinusoidal and vascular endo- 
thelial cells and a mixed cellular infiltrate, principally of 
macrophages and sometimes of eosinophils. The striking 
increase in the number of immunoblasts may produce a 
pseudolymphomatous pattern, sometimes referred to as 
pseudolymphomatous lymphadenitis. Such changes are en- 
countered particularly often in immunologic reactions in- 
duced by drugs (especially Dilantin) or following smallpox 
vaccination. Similar reactions have been described after the 
use of other vaccines. 


Figure 15-3. Chronic follicular hyperplasia, demonstrating marked 
enlargement and prominence of germinal follicles. 


Sinus histiocytosis refers to distention and promi- 
nence of the lymphatic sinusoids, encountered in lymph 
nodes draining cancers, particularly carcinoma of the breast. 
The lining endothelial cells are markedly hypertrophied, and 
the sinuses may be virtually engorged with histiocytes (Fig. 
15-4). This pattern of reaction has been thought to represent 
an immune response on the part of the host to the tumor or 
its products. According to some, the presence of sinus 
histiocytosis is a sign of a favorable prognosis, but this issue 
is debatable. 


Although the three patterns of reaction have been 
described separately, frequent combinations and inter- 
grades are encountered. Characteristically, lymph nodes 
in chronic reactions are not tender, because they are 
not under increased pressure. Chronic reactions are 
particularly characteristic of inguinal and axillary nodes. 
Both groups drain relatively large areas of the body and 
so are frequently challenged, for which reason these 
lymph nodes are inappropriate as biopsy specimens in 
the study of hematologic and lymphomatous disorders. 


NEOPLASTIC PROLIFERATIONS OF 
WHITE CELLS 


Malignant proliferative diseases constitute the most 
important of white cell disorders. The several categories 
of these diseases can be briefly defined as follows: 
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1. Malignant lymphomas take the form of cohesive 
tumorous lesions composed mainly of lymphocytes and 
rarely of histiocytes that arise in lymphoid tissue any- 
where in the body, most commonly within lymph nodes. 

2. Leukemias are systemic leukoproliferative dis- 
orders arising in the bone marrow that secondarily flood 
the circulating blood and other organs with leukemic 
cells. 

3. Plasma cell dyscrasias and related disorders 
usually arising in the bones take the form of localized 
or disseminated proliferations of antibody-forming cells. 
Thus, this category is marked by the appearance in the 
peripheral blood of abnormal levels of immunoglobulins 
or the light or heavy chains of the immunoglobulins. 
Hence, these disorders are sometimes called gammop- 
athies or dysproteinemias. 

4. The histiocytoses represent proliferative lesions 
of tissue macrophages or histiocytes. There is unfortu- 
nately much confusion in the terminology of histiocytic 
disorders. First, as indicated above, the rare neoplastic 
proliferations of histiocytes originating within the 
lymphoid tissue are grouped with the malignant lym- 
phomas. Second, there is no evidence that some of the 
tumor-like proliferations—the so-called histiocytoses X, 
which are traditionally listed under this category—are 
indeed neoplastic. Finally, there seem to be no clearly 
defined boundaries of histiocytoses since some investi- 
gators include clearly non-neoplastic, metabolic storage 
diseases in this category. These complexities will be 
discussed further on page 694. 

As can be seen, the neoplastic disorders of the 
white cells are extremely varied. In the following sec- 
tions, each of the categories is treated separately. 


MALIGNANT LYMPHOMAS 


Lymphomas are malignant neoplasms characterized 
by the proliferation of cells native to the lymphoid 
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tissues, i.e., lymphocytes, histiocytes, and their precur- 
sors and derivatives. Like other neoplasms, all lympho- 
mas are of monoclonal origin, as can be documented by 
isoenzyme and cell markers. The term lymphoma is 
something of a misnomer, since these disorders are 
lethal unless controlled or eradicated through therapy. 
In the past, the term lymphosarcoma was applied to 
some of these disorders, but to so many that, although 
it revealed their ominous nature, it lost any specific 
meaning. 

Within the broad group of malignant lymphomas, 
Hodgkin’s disease (Hodgkin's lymphoma) is segregated 
from all other forms, which constitute the non-Hodgkin's 
lymphomas. Although both have their origin in the 
lymphoid tissues, Hodgkin's disease is set apart by the 
presence of a distinctive unifying morphologic feature, 
the Reed-Sternberg giant cells. In addition, there is a 
variable component of non-neoplastic inflammatory 
cells, which in the past raised questions about the 
neoplastic nature of Hodgkin’s disease. Therefore, we 
will discuss non-Hodgkin’s lymphomas and Hodgkin's 
disease separately. 


Non-Hodgkin’s Lymphomas (NHL) 


The usual presentation of NHL is as a localized or 
generalized lymphadenopathy. However, in about one- 
third of cases it may be primary in other sites where 
lymphoid tissue is found, e.g., in the oropharyngeal 
region, gut, bone marrow, and skin. Lymph node 
enlargement due to lymphomatous disease must be 
differentiated from that caused by the more frequent 
infectious and inflammatory disorders. Lymphomatous 
involvement often produces marked nodal enlargement, 
which is almost always nontender. Although variable, 
all forms of lymphoma have the potential to spread from 
their origin in a single node or chain of nodes to other 
nodes, and eventually to disseminate to the spleen, 
liver, and bone marrow. Some, after becoming wide- 
spread, spill over into the blood, creating a leukemia- 
like picture in the peripheral blood. In such blood- 
borne dissemination, all lymph nodes throughout the 
body become flooded with lymphomatous cells. It may 
therefore be impossible to determine from microscopic 
examination of a lymph node alone whether it represents 
primary lymphomatous disease with involvement of the 
bone marrow and blood, or nodal changes incident to 
leukemia. This problem is encountered more often with 
certain cytologic forms of lymphoma than with others. 


CLASSIFICATION OF NHL 


Neoplastic proliferation of any one of the cell lines 
indigenous to lymphoid tissue can give rise to a lym- 
phoma. Thus, theoretically it should be possible to 
classify them on the basis of cell types. Optimally, the 
classification should (1) provide categories that have 
clinical significance in terms of responsiveness to ther- 
apy and the outlook for the patient and (2) be based on 
morphologic criteria sufficiently distinctive to be gen- 
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erally applicable when interpreted by different observ- 
ers. Regrettably, even among expert “lymphomaniacs’”’ 
there are varying approaches to classification. Some use 
strictly morphologic criteria; others use morphologic 
criteria combined with functional features, e.g., immu- 
nologic markers and enzyme content of cells. Moreover, 
there are varying histogenetic interpretations of cell 
types. For example, when is a cell that looks like a 
histiocyte in reality a histiocyte and not a modified 
lymphocyte? What has emerged are more classifications 
than there are experts on the subject, or, to the “mere 
mortal,” a veritable Augean stable in which the experts 
appear to have agreed to disagree. No attempt will be 
made to present all the current classifications.” Instead, 
two currently in favor in the United States—the Rap- 
paport and Lukes-Collins classifications—will be dis- 
cussed in some detail. Thereafter, brief comments will 
be made on the recent working formulation proposed 
by a panel of international experts.?> Moreover, many of 
the potentially bewildering details of taxonomy to be 
found in the numerous references will be omitted, lest 
the forest get lost among the trees. 


RAPPAPORT CLASSIFICATION 


Proposed in 1966 and subsequently modified in 
1978, this approach is based on two criteria: (1) the 
cytologic characteristics of the lymphomatous cells in 
routinely employed stains; and (2) separation of the 
lymphomas into two growth patterns—a nodular form 
in which the lymphomatous cells are clustered into 
identifiable nodules within the lymph nodes, and a 
diffuse form in which the cells diffusely infiltrate the 
entire lymph node, without any definite organized pat- 
tern.* 

The nodular pattern is characterized by cohesive 
aggregates of neoplastic cells that somewhat resemble 
the germinal centers of the lymph node follicles; hence, 
this architecture is sometimes referred to as follicular 
lymphoma. The lymphomatous nodules are dispersed 
throughout the cortex and the medulla of the node and 
therefore efface the normal nodal architecture (Fig. 15— 
5). In many instances the capsular and pericapsular 
tissue is infiltrated by neoplastic cells, sometimes with 
the formation of nodules outside the capsule. This 
nodular or follicular pattern of lymphoma may be con- 
fused morphologically with the reactive follicular hyper- 
plasia (lymphadenitis) of inflammatory states.° It is be- 
yond our scope to go into all the subtle morphologic 
features in this differential, but several points may be 
noted. Favoring reactive follicular hyperplasia are (1) 
restriction of the follicles to the cortical region of the 
node, (2) a mixed cell population of lymphocytes in 
different stages of differentiation and histiocytes within 
the germinal centers—lymphomatous nodules are mono- 
morphic, reactive follicles pleomorphic; and (3) evidence 
of cellular phagocytic activity in the germinal centers. 

Approximately 50% of all NHLs in adults are of 
the nodular variety. On the basis of cytology, nodular 
lymphomas are divided into three subtypes (Table 15— 


AS 


Fig. 15—5 
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Figure 15—5. Non-Hodgkin’s lymphoma, nodular pattern. Nodular aggregates of lymphoma cells are 
present throughout lymph node and in perinodal fat. (From Jackson, H. J., Jr., and Parker, F. Jr. 
(eds.): Hodgkin’s Disease and Allied Disorders. New York, Oxford University Press, 1947.) 

Figure 15—6. Non-Hodgkin's lymphoma, diffuse. Nodal architecture is replaced by a diffuse sea of 


neoplastic lymphoid cells. 


1). Since the cytologic features of nodular lymphomas 
overlap with those of the diffuse type, these will be 
described later. The nodular lymphomas have distinctive 
clinical features: (1) they occur predominantly in older 
individuals (rarely persons under 20 years of age); (2) 
they affect males and females equally; and (3) despite 
the common finding of involvement of many or all nodes 
as well as possibly extranodal sites at the time of 
diagnosis, they have a much better prognosis than 
diffuse lymphomas.® 

The diffuse lymphomas are characterized by flood- 
ing of the nodal architecture by a monotonous sea of 
cells (Fig. 15-6). All underlying architecture, such as 
the distinction between cortex and medulla and the 
sinusoidal morphology, is totally obscured. The capsule 


of the node and the extracapsular tissue are often heavily 
infiltrated. The diffuse lymphomas are more heteroge- 
neous with regard to cell type (Table 15-1) and clinical 
behavior. Since some diffuse lymphomas are cytologi- 
cally identical to their nodular counterparts, they are 
considered to represent progression of the disease from 
a nodular to a diffuse pattern. Indeed, the coexistence 
of nodular and diffuse patterns and the documented 
transformation over time of nodular to diffuse pattern 
in a small number of cases does support this concept. 
However, it should be emphasized that there is no 
critical evidence that all diffuse lymphomas are preceded 
by nodular lesions. Indeed, as will be discussed, some 
variants such as the well-differentiated lymphocytic lym- 
phoma are not encountered as nodular lesions. More- 


Table 15-1. RAPPAPORT CLASSIFICATION 


. % All 
Diffuse Lymphomas Cases* 

Lymphocytic, well differentiated 5 
Lymphocytic, poorly 16 

differentiated 
Lymphoblastict 
Histiocytic 28 
Mixed, lymphocytic-histiocytic 6 
Undifferentiated (Burkitt's and 6 


non-Burkitt’s) 


“Percentages based on references 3 and 4. 


Nodular Lymphomas % All 
Cases* 
Lymphocytic, poorly differentiated 24 
Histiocytic 3 
Mixed, lymphocytic-histiocytic 12 


tRecently added category to Rappaport classification; comprises approximately half of the cases previously included under lymphocytic, 


poorly differentiated diffuse group. 
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over, nodular lymphomas may persist in the individual 
over the span of years and may disseminate throughout 
the body to cause death while retaining the distinctive 
nodular architecture. 

In addition to the “nodular” and “diffuse” catego- 
rization, all NHLs are further subdivided into cytologic 
subsets. When Rappaport first presented the classifica- 
tion of NHLs, the immunologic typing of lymphoid cells 
was in its infancy, and so subdivision in the Rappaport 
scheme is based entirely on morphology. It takes into 
account first the apparent similarity of tumor cells to 
various normal cell types. Thus, terms such as lympho- 
cytic and histiocytic lymphomas are used, to imply 
similarity and presumed derivation from normal lym- 
phocytes or histiocytes. Second, within a cytologic cat- 
egory it further segregates tumors on the basis of degree 
of differentiation as judged by nuclear and cell size, 
nuclear configuration, chromatin pattern, and the pres- 
ence or absence of nucleoli. The combined use of these 
two criteria permits differentiation of the following 
patterns. 

WELL-DIFFERENTIATED LYMPHOCYTIC LYMPHOMA 
(WDLL). This pattern makes up approximately 5% of all 
NHLs and occurs only in the diffuse form; nodular 
variants have not been identified. The cell type consists 
of compact, small, apparently unstimulated lymphocytes 
with dark-staining round nuclei, scanty cytoplasm, and 
little variation in size (Fig. 15-7). Mitotic figures are 
very rare, and there is little or no cytologic atypia. 
Diffuse WDLL may occur without involvement of the 
blood and bone marrow, but in about 40% of cases it 
may seed the blood, evoking a chronic lymphocytic 
leukemia—like blood picture.‘ Conversely, in patients 
with the primary diagnosis of chronic lymphocytic leu- 
kemia (CLL), the nodes are invariably flooded with 
well-differentiated lymphocytes. Thus, it is impossible 
from a lymph node biopsy alone to differentiate CLL 
from WDLL. Their clinical features are also similar. 
Both occur primarily in the older age groups. Typically, 
these patients have generalized lymphadenopathy with 
mild-to-moderate enlargement of the liver and spleen; 
the associated symptoms are mild and prolonged sur- 
vival is usual. Some patients with a histologic picture 
closely resembling WDLL also have monoclonal IgM 
immunoglobulin in the serum and a distinctive clinical 
syndrome called Waldenstrém’s macroglobulinemia (p. 
692). In these patients the lymph nodes often contain 
variable numbers of plasma cells or “plasmacytoid lym- 
phocytes,” in addition to the well-differentiated lym- 
phocytes described above. As discussed later, WDLL, 
CLL, and Waldenstrém’s macroglobulinemia represent 
different manifestations of the neoplastic proliferation of 
B lymphocytes, and as such are closely related to each 
other. 

PoorLy DIFFERENTIATED LYMPHOCYTIC LYMPHOMA 
(PDLL). The tumor cells in PDLL consist of atypical 
lymphocytes, which may appear in nodular or diffuse 
patterns. The cells are somewhat larger than those seen 
in WDLL (but smaller than the nuclei of benign endo- 
thelial cells or histiocytes, which are used as a reference 
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Figure 15—7. Non-Hodgkin’s lymphoma, well-differentiated lympho- 
cytic type. Cytology is that of mature, uniform, unstimulated lympho- 
cyte. (Courtesy of Dr. Jose Hernandez, Department of Pathology, 
Southwestern Medical School, Dallas, Texas.) 


when evaluating size). Much more distinctive are the 
nuclei, which are irregular, with marked indentations 
and angularity (Fig. 15-8). The chromatin is coarse and 
condensed, and mitoses are rare. The nodular and 
diffuse patterns of PDLL together account for approxi- 
mately 30% of all NHLs. Some cases of PDLL may spill 
over into the blood and produce a leukemic picture, the 
so-called acute lymphosarcoma cell leukemia. The pre- 
cise incidence of leukemia in PDLL is not known. 
However, leukemic spread is definitely less common 
than in WDLL. Patients with PDLL are usually middle- 
aged to elderly and present commonly with generalized 
disease involving multiple lymph nodes, liver, spleen, 
and bone marrow. Despite the presence of extensive 
disease, the prognosis is relatively favorable, especially 
in nodular PDLL. The prognosis in diffuse PDLL is 
poorer, as is the case with most diffuse lymphomas. 
Histiocytic LYMPHOMA (HL). Characteristic of this 
form of NHL is the large size of tumor cells. They are 
two to three times larger than normal lymphocytes and 
their nuclei are larger than those of benign tissue 
histiocytes or endothelial cells. As compared with 
WDLL and PDLL, the nuclei in HL not only are larger 
but also are more vesicular and usually have more 
prominent nucleoli (Fig. 15-9). The nuclear shape, 
however, is quite variable: it may be round and smooth, 
or irregular with marked indentations and lobulations. 
Several cytologic subtypes can be recognized, ranging 
from a monotonous proliferation of large cells to ex- 


Figure 15-8. Non- Hodoldis iciioh Gita poorly differentiated fica: 
phocytic type. Nuclei are irregular with indentations (arrows) and 
marked angularity. (Courtesy of Dr. Jose Hernandez, Department 
of Pathology, Southwestern Medical School, Dallas, Texas.) 


tremely pleomorphic tumors with bizarre cells. Although 
HL can occur in both the nodular and diffuse forms, 
the latter is much more frequent and constitutes one of 
the most common forms of NHL (Table 15-1). The few 
cases of nodular HL tend to progress rapidly into the 
diffuse form and have the worst prognosis among nod- 
ular lymphomas. Diffuse histiocytic lymphomas are as- 
sociated with somewhat distinctive clinical presenta- 
tions. As compared with lymphocytic lymphomas, 
involvement of extranodal sites is more frequent; in- 
deed, involvement of the gastrointestinal tract, skin, 
bone, or brain may be the presenting, and in some 
cases the only, feature, suggesting extranodal origin. 
When nodal involvement is the main presentation, it is 
usually restricted to one side of the diaphragm. Involve- 
ment of liver and spleen is not common at the time of 
presentation, but when it occurs the lymphoma cells 
form large, destructive tumorous masses. In contrast, 
for example, involvement of the liver and spleen in 
PDLL is associated with the formation of uniform dis- 
crete miliary nodules throughout these organs. Leu- 
kemic manifestations are distinctly uncommon, and 
when present indicate a very poor prognosis. HL is an 
aggressive disease, and the prognosis for the group as a 
whole is poor. However, several recent studies have 
indicated that up to 60% of patients with HL can achieve 
sustained clinical remission with combination chemo- 
therapy, which may lead to long-term survival.® 

Mixep LymPHocytTic-HistiocyTtic LYMPHOMA. In 
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Figure 15-9. Non-Hodgkin’s lymphoma, diffuse histiocytic type. 
Tumor cells in this example have large nuclei (compare with 
endothelial cell nucleus at tip of arrow) and prominent, centrally 
placed nucleoli. Nuclear pleomorphism is not marked. (Courtesy of 
Dr. Jose Hernandez, Department of Pathology, Southwestern Med- 
ical School, Dallas, Texas.) 


this variant, cells of the PDLL type as well as large 
cells (histiocytic) are present. In general, a tumor is 
classified as mixed if the large cells constitute 30 to 50% 
of the total number of cells. This cytologic pattern is 
seen more commonly in the nodular form. As for most 
other nodular lymphomas, the prognosis is good. 

LYMPHOBLASTIC LYMPHOMA. This is a relatively 
new addition to the Rappaport classification.? Previ- 
ously, these cases were included under diffuse PDLL, 
but recent studies indicate that lymphoblastic lymphoma 
is a distinct clinicopathologic entity closely related to T- 
cell acute lymphoblastic leukemia (ALL) (p. 676). This 
variant is seen most commonly in adolescents or young 
adults, although any age group may be involved.’ In 
affected males, there is a suggestion of bimodal age 
distribution, the two peaks being in the second and 
seventh decades. Overall, males are aftected two to 
three times as often as females, but in the early peak 
encountered in the second decade, the male-to-female 
ratio is 6:1. A very characteristic clinical feature, par- 
ticularly in young males, is the presence of a mediastinal 
mass (50 to 70% of cases) at the time of diagnosis, 
suggesting a thymic origin. This disease is rapidly pro- 
gressive, and early dissemination to the bone marrow, 
blood, and central nervous system leads to the evolution 
of a picture resembling ALL. 

The histologic pattern of the tumor is always diffuse 
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and the tumor cells resemble the lymphoblasts of ALL. 
They are fairly uniform in size, with scanty cytoplasm 
and nuclei that are somewhat larger than those of small 
lymphocytes. The nuclear chromatin is delicate and 
finely stippled, and nucleoli are either absent or incon- 
spicuous. In many, but not all, cases the nuclear mem- 
brane shows deep subdivision, imparting a convoluted 
(lobulated) appearance. In keeping with its aggressive 
growth, the tumor shows a high rate of mitoses and, as 
with other tumors having a high mitotic rate (e.g., 
Burkitt’s lymphoma), a “starry sky” pattern is produced 
by the interspersed benign macrophages. In the past, 
when this tumor was treated as diffuse PDLL, the 
survival was dismal, average life expectancy being less 
than one year. However, with the realization that lym- 
phoblastic lymphoma is biologically more akin to ALL, 
treatment protocols employed for ALL have been uti- 
lized with much greater success, with a median survival 
in excess of 71 months in one series of adults." 

UNDIFFERENTIATED LYMPHOMA. This type is so 
termed because the cells do not have any morphologic 
evidence of “maturation” toward lymphocytes or histio- 
cytes. Within this category, two clinically distinct 
subgroups have been recognized: Burkitt's type and 
non-Burkitt's type. 

The undifferentiated Burkitt’s-type lymphoma was 
described initially in Africa, where it is endemic in some 
parts, but it also occurs sporadically in nonendemic 
areas including the United States, where it has been 
called American Burkitt's lymphoma. Histologically, the 
African and the nonendemic American cases of Burkitt's 
lymphoma are identical, although there are some clinical 
and virologic differences. The relationship of these 
disorders to the Epstein-Barr virus (EBV) is discussed 
on pages 245 and 669. These tumors consist of a sea of 
strikingly monotonous cells, 10 to 25 wm in diameter, 
with round or oval nuclei containing two to five promi- 
nent nucleoli. The nuclear size approximates that of 
benign macrophages within the tumor. There is a mod- 
erate amount of faintly basophilic or amphophilic cyto- 
plasm, which also is intensely pyroninophilic and often 
contains small, lipid-filled vacuoles (better appreciated 
on stained imprints of the tumor). A high mitotic index 
is very characteristic, as is cell death, accounting for the 
presence of numerous tissue macrophages with ingested 
nuclear debris. Since these benign macrophages, which 
are diffusely distributed among the tumor cells, are 
often surrounded by a clear space, they create a “starry 
sky” pattern (Fig. 15-10), which can also be seen in 
other lymphomas, such as the lymphoblastic type, with 
a high mitotic rate. Both the African and non-African 
cases are found largely in children or young adults. In 
both torms, the disease rarely arises in the lymph nodes. 
In African cases, involvement of the maxilla or mandible 
is the common mode of presentation (Fig. 15-11), 
whereas abdominal tumors (bowel, retroperitoneum, 
Ovaries) are more common in cases seen in America. 
Leukemic transformation of Burkitt’s lymphoma is un- 
common, especially in African cases. These tumors 
respond well to aggressive chemotherapy, and long 


nucleoli and high mitotic index. Lack of significant variation in nuclear 
shape and size lends a monotonous appearance interrupted by 
pale-staining, benign tissue macrophages (arrow), which impart a 
“starry sky” appearance better appreciated at a lower magnification. 
(Courtesy of Dr. Jose Hernandez, Department of Pathology, South- 
western Medical School, Dallas, Texas.) 


remissions have been reported. Although a relapse 
occurs in many cases, a 50% long-term survival rate can 
be expected with present methods of treatment. 

The undifferentiated, non—Burkitt’s-type lympho- 
ma differs from the Burkitt’s tumor both clinically and 
histologically.!2 This disease more commonly affects 
adults (median age 34 years) and is somewhat less 
responsive to treatment. There is no known clinical or 
virologic association with EBV. Histologically, the nuclei 
are approximately the same size as in Burkitt’s tumor, 
but they show much greater variation both in shape and 
size, and occasional multinucleate cells are also seen. 
The nuclear chromatin is delicate and there is usually a 
single prominent eosinophilic nucleolus. Because of the 
nuclear appearance, this tumor has also been called 
undifferentiated, pleomorphic lymphoma. The cyto- 
plasm is pale and scanty. The general view that this 
tumor is distinct from Burkitt’s lymphoma has been 
challenged.'® Since the frequency of these neoplasms is 
very low, more studies will be required to resolve this 
issue satisfactorily. 


LUKES-COLLINS CLASSIFICATION 


On the premise that the malignant lymphomas are 
neoplasms of the immune system, Lukes and Collins 


Figure 15—11. Burkitt's lymphoma in a 9-year-old child. The maxil- 
lary tumor mass is a characteristic presentation of this disease. 


have classified the non-Hodgkin's lymphomas on the 
basis of their origins from T or B lymphocytes or 
histiocytes.'* This classification proposes that lympho- 
mas develop through either a block or a “switch-on” 
(derepression) in transformation of either B cells or T 
cells. Correlations are drawn between the cytologic 
patterns in: lymphomatous nodes and those evoked by 
antigenic challenge or mitogen stimulation of lympho- 
cytes. 

In the germinal centers of the follicles, four dis- 
tinctive morphologic stages could be identified in the 


FOLLICULAR CENTER CELL TRANSFORMATION 


Perifollicu:ar cell~y 


“B” Lymphocyte 
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process of transformation of the unchallenged B lym- 
phocyte into an immunoblast. These stages include (1) 
small cleaved cells, (2) large cleaved cells, (3) small 
noncleaved cells, and (4) large noncleaved cells, as 
depicted in Figure 15-12. First, the small, round B cell 
in and about the follicle changes into a slightly larger 
cell having an angulated, a folded, or (as Lukes and 
Collins refer to it) a cleaved nucleus. The term “cleaved” 
refers to sharp infoldings of the nuclear membrane. 
Further transformation produces larger cleaved cells. 
In both these cell forms, the cytoplasm is scanty and 
the nuclear chromatin is slightly more dispersed than 
in the resting lymphocyte, and the nucleoli are incon- 
spicuous. Up to this point in the sequence there is little 
evidence of mitotic activity. In the next stage of trans- 
formation, nuclear cleavage disappears as the nucleus 
becomes round or oval, the nuclear chromatin is finely 
dispersed, and one to three nucleoli appear along with 
a readily visible peripheral rim of pyroninophilic cyto- 
plasm. Pyroninophilia (increased affinity for the pyronin 
stain) results from increased amounts of cytoplasmic 
RNA as cells become active in protein (antibody) syn- 
thesis. Numerous mitotic figures now appear. The fourth 
stage in B-cell transformation involves the continued 
enlargement of the noncleaved cell up to four or more 
times the size of the original small lymphocyte. Simul- 
taneously, one to two nucleoli become prominent in the 
large, round vesicular nucleus, along with an increase 
in the quantity of the cytoplasm. Mitotic figures are 
frequent in these cells. All four of these cell types are 
referred to as follicular center cells (FCC) and all are 
of B-cell origin. The noncleaved cells are the dividing 
FCC, whereas the cleaved cells are the nondividing but 
morphologically altered FCC. It is the large noncleaved 
cells that ultimately undergo further enlargement to 
become immunoblasts. The immunoblasts have more 
marked pyroninophilia, larger and more vesicular nu- 
clei, and prominent centrally located nucleoli. They also 
tend to show plasmacytoid features. Further prolifera- 
tion of immunoblasts provides daughter cells that even- 
tually either become plasma cells or revert to the 
dormant state as small memory lymphocytes. The small 
T cells in the T-cell regions of the lymph node may 
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Figure 15-12. Schematic representation of normal transformation of follicular center B cells in 
comparison with transformation of T cells. (From Lukes, R. J., and Collins, R. D.: New approaches 
to the classification of the lymphomata. Br. J. Cancer 37(Suppl. 2):7, 1975.) 
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undergo a parallel “blast” transformation without show- 
ing nuclear cleavage. From such studies, Lukes and 
Collins concluded that most cells interpreted as histio- 
cytes in the Rappaport classification were actually neo- 
plastic FCC. Lukes and Collins recognize true histio- 
cytic lymphomas, but consider them rare, and cell 
marker techniques have supported this view. 

Since the Lukes-Collins classification is based on 
the concept that the various cytologic subtypes of ma- 
lignant lymphomas arise by neoplastic transformation 
of the normal components of the immune system, it 
divides NHL into three functional categories: B-cell 
tumors, T-cell tumors, and tumors of histiocytes (mac- 
rophages). A fourth undefined cell category includes 
tumors that cannot be assigned to the three functional 
categories by any of the presently available criteria. As 


seen in Table 15-2, B-cell tumors are the most common,,. 


and true histiocytic tumors are rare. Although this 
classification divides NHL into functional groups, Lukes 
and associates have repeatedly emphasized that “the 
classification of cases is based entirely on the morpho- 
logic features.”'* Implicit in this view is the assertion 
that the cytologic features are distinctive enough to 
define immunologically homogeneous entities without 
requiring cytochemical and immunologic methods, ex- 
cept in those few cases in which morphology is not 
distinctive. We will examine the validity and practical 
implications of this view after a description of the 
morphologic features of NHL, according to the Lukes- 
Collins system. 

TUMORS OF B LYMPHOCYTES. The great prepon- 
derance of NHLs are of B-cell origin (Table 15—2). 
Within this group, they are subclassified on the basis of 
the morphologic features characteristic of the different 
stages of normal B-cell differentiations, as depicted in 
Figure 15-12. 

The small B-cell lymphoma apparently results from 


Table 15~2. LUKES-COLLINS CLASSIFICATION* 


Percentage 


B Cell 65 
Small lymphocyte (B) 
Follicular center cell 
Small cleaved 
Large cleaved 
Small noncleaved 
Large noncleaved 
Immunoblastic sarcoma (B) 
Plasmacytoid lymphocyte 


N 


NWDON OO co 


T Cell 20 
Small lymphocyte (T) 2 
Convoluted lymphocyte 10 
Cutaneous T-cell lymphoma 2 
(Sézary syndrome and mycosis 
fungoides) 
Immunoblastic sarcoma (T) 4 


Histiocytes 0.2 
U (Undefined) Cell 


“Adapted from reference 12. 
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neoplastic transformation of the small B cells of the 
follicular mantle, which are blocked from further differ- 
entiation. The tumor cells have uniform round nuclei 
with compact chromatin and a narrow rim of pale 
cytoplasm, resembling normal lymphocytes. Mitoses are 
rare. Since the tumorous B cells are apparently arrested 
in this early stage, they fail to form follicles or plasma 
cells. This category conforms to the diffuse WDLL of 
the Rappaport classification and the closely related CLL. 

Follicular center cell (FCC) lymphomas, like the 
normal follicles, are comprised of four cytologic sub- 
types, which are segregated on the basis of the similarity 
of cell size and nuclear characteristics to those of normal 
FCCs (Fig. 15-12 and Table 15-2). Since the neoplastic 
FCCs apparently retain their ability to form follicles, 
there is usually some degree of follicle formation (recall 
nodular architecture). The degree of follicle formation, 
however, varies with the state of B-cell transformation. 
Thus, FCC lymphomas of small cleaved cells and large 
cleaved cell types that are composed of less actively 
dividing cells are more frequently associated with follicle 
formation, whereas the rapidly proliferating smal] and 
large noncleaved cell tumors exhibit the follicular pat- 
tern in only 10% of cases. Most FCC lymphomas are of 
the small cleaved type, but in some cases a mixture of 
cell types is present. Such tumors are usually classified 
on the basis of the predominant cell type. (Fig. 15-8, 
representing PDLL according to the Rappaport classi- 
fication, would be classified as small cleaved FCC 
lymphoma in the Lukes-Collins scheme.) Burkitt's tu- 
mor is believed to represent a form of small noncleaved 
FCC lymphoma; although these usually have a diffuse 
architectural pattern, in some cases there are follicles 
supporting their origin from the FCC. 

Immunoblastic sarcoma of B cells is believed to 
arise from transformed interfollicular B cells; it therefore 
does not form follicles. The tumor cells resemble the 
large noncleaved FCCs, but have more abundant py- 
roninophilic cytoplasm and plasmacytoid features. In 
30% of cases this aggressive tumor of transformed B 
lymphocytes is associated with a previous history of an 
immunologic disorder such as Sjégren’s syndrome, SLE, 
or Hashimoto's thyroiditis or with states of immuno- 
suppression. 

Plasmacytoid lymphocytic lymphoma closely resem- 
bles the small B-lymphocyte tumors, but a variable 
number of cells show plasma cell features. This lym- 
phoma presumably represents a tumor of differentiated 
interfollicular B cells that may be functional. Since the 
neoplastic B cells are derived from the clonal prolifera- 
tion of a single transformed B cell, they all secrete 
identical immunoglobulin molecules. Therefore, this 
group of tumors includes monoclonal gammopathies, 
discussed later (p. 688). With some tumors, composed 
presumably of nonsecreting cells, there is no associated 
increase in serum immunoglobulins. 

TUMORS OF T CELLS. These are much less frequent 
than B-cell tumors and understandably much less well 
defined. Four types have been recognized: small lym- 
phocytic T-cell lymphoma, convoluted T-cell lymphoma, 


the cutaneous T-cell lymphomas (mycosis fungoides 
Sézary syndrome), and immunoblastic sarcoma of T 
cells. 

Small lymphocytic T-cell lymphoma is extremely 
rare, making up only 10 out of 425 cases in one large 
series.'4 The cells resemble small B lymphocytes, from 
which they cannot be easily differentiated morphologi- 
cally. They may be associated with the uncommon T- 
cell CLL (p. 676). 

Convoluted T-cell lymphoma in the Lukes-Collins 
classification is essentially identical to the lymphoblastic 
lymphoma of the Rappaport classification (p. 661); there- 
fore, only brief additional comments will be offered. As 
mentioned earlier, in most cases of lymphoblastic lym- 
phoma the tumor cells have markedly convoluted nuclei, 
an appearance said to resemble “chicken footprint.” 
Those few cases that do not have the typical nuclear 
convolutions are excluded from this group in the Lukes- 
Collins classification. Recent studies with monoclonal 
antibodies, however, indicate that most tumor cells 
(with or without nuclear convolutions) express OKT10, 
a marker of primitive intrathymic T cells, and that 
nuclear configuration does not affect the clinical course. 
This, then, is a tumor of immature intrathymic T cells, 
and understandably no morphologic counterpart of the 
convoluted T cells is found in normal lymph nodes. 

Cutaneous T-cell lymphomas include a spectrum of 
disorders, of which mycosis fungoides and Sézary syn- 
drome are the best characterized.'© Involvement of skin 
is a hallmark of the tumors within this group. Clinically, 
the cutaneous lesions of mycosis fungoides show three 
somewhat distinct stages, discussed later (p. 1271). 
Briefly, mycosis fungoides presents with an inflamma- 
tory premycotic phase and progresses through a plaque 
phase to a tumor phase. Histologically, there is infiltra- 
tion of the epidermis and upper dermis by neoplastic T 
cells, which have an extremely unusual cerebriform 
nucleus. This appearance results from marked and com- 
plex infolding of the nuclear membrane. In most patients 
with progressive disease, extracutaneous manifestations, 
characterized by nodal and visceral dissemination, ap- 
pear. Sézary syndrome is a related condition in which 
skin involvement is manifested clinically as a generalized 
exfoliative erythroderma, but in contrast with mycosis 
fungoides, the skin lesions rarely proceed to tumefac- 
tion. Instead, there is an associated leukemia of “Sézary” 
cells that have the same cerebriform appearance noted 
in the tissue infiltrates of mycosis fungoides. Circulating 
Sézary cells can also be identified in up to 25% of cases 
of mycosis fungoides in the plaque or tumor phase, 
indicating that the two diseases have much in common. 
Fundamentally, both these disorders result from clonal 
proliferations of T cells, presumably in the lymphoid 
tissues, followed by migration into the skin.!” In most 
cases, Sézary-mycosis cells bear markers of helper T 
cells (OKT4*), but OKT8* tumor cells have also been 
detected in some patients. Although the prognosis in a 
given case depends on the extent of disease at the time 
of diagnosis, a median survival rate of eight to nine 
years is not unusual." 
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Immunoblastic sarcoma of T cells is the most poorly 
characterized category in the Lukes-Collins classifica- 
tion. Intended to include lymphomas derived from the 
transformed T lymphocytes in the paracortical area, this 
group contains tumors that have a mixture of small 
lymphocytes and many large transformed cells. The 
latter have round or oval nuclei with fine chromatin, 
and one or more small but distinctly eosinophilic nu- 
cleoli. Absence of plasmacytoid features and pyronino- 
philia are considered helpful in distinguishing them 
from B immunoblasts. However, this definition of T- 
immunoblastic sarcomas is extremely hazy and at pres- 
ent no distinct clinical or morphologic entity has 
emerged.’ 

TUMORS OF HisTIOCcYTES. True histiocytic lympho- 
mas, i.e., those that can be cytochemically and immu- 
nologically confirmed to have arisen from macrophages, 
are extremely rare. Most tumors classified as histiocytic 
lymphomas in the Rappaport classification are accom- 
modated in the B-cell category of the Lukes-Collins 
classification. 

U-CeLt (UNDEFINED) GROUP. This group includes 
lymphomas that cannot be classified into a definite 
category either by morphologic or currently available 
immunocytochemical markers. These may indeed be 
tumors of very primitive T cells, B cells, or macro- 
phages, or the so-called “null” cells. 


RAPPAPORT AND LUKES-COLLINS CLASSIFICATIONS— 
COMMENTS AND COMPARISONS 


The basic purpose of a classification is to provide 
guidance in the clinical management of patients; i.e., it 
should define groups that are relatively homogeneous 
with respect to response to therapy and prognosis. 
Ideally, such a classification should also be scientifically 
accurate, highly reproducible, and readily learned by 
the practicing pathologist. It is by these criteria that we 
should assess the classifications of NHL. 

Separation of NHL into nodular and diffuse cate- 
gories has been a major contribution of the Rappaport 
classification, since nodular architecture is associated 
with a prognosis significantly superior to that of the 
diffuse pattern.* * Furthermore, the histologic distinc- 
tion between nodular and diffuse NHL is easily learned 
and therefore highly reproducible. In addition to the 
lymph node architecture, the cytologic categories de- 
fined by Rappaport also influence the clinical course,!® 
but the identification of various cytologic subtypes 
(based on subtle differences in cell size and nuclear 
characteristics) is not very reproducible. Overall, the 
Rappaport classification has the virtue of long use, good 
clinical correlations, and a fair degree of reproducibility. 
However, the recent awareness of the remarkable mor- 
phologic transformation of lymphocytes in different 
stages of activation has shed new light on the histoge- 
netic origins of various forms of lymphomas, particularly 
those classified as histiocytic by Rappaport. It is now 
evident from the studies of Lukes and Collins that 
approximately 76% of the so-called histiocytic or large- 
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cell lymphomas are tumors of “transformed” (activated) 
B lymphocytes—some immunoblastic sarcomas (e.g., 
Fig. 15-9), others large cleaved and noncleaved cell 
types.'* ?° Of those remaining, 8% are T-cell lympho- 
mas, 11% cannot be defined by presently available 
immunocytochemical techniques, and only 5% are true 
histiocytic tumors. It is obvious, therefore, that histio- 
cytic lymphomas in the Rappaport classification are not 
homogeneous with respect to their origin. Grouping of 
histogenetically diverse tumors purely on morphologic 
grounds is considered scientifically inaccurate and a 
major weakness of the Rappaport classification. 
Conceptually, the Lukes-Collins classification is 
much more acceptable, since it places various lymphoid 
tumors into well-defined functional categories based on 
their origin from specific normal cell types. However, 
are the immunologically homogeneous categories asso- 
ciated with uniform clinical behavior? At present there 
are no clear answers, and disagreement persists regard- 
ing the clinical utility of an immunologically based 
classification of NHL.?!' ” Another important difference 
between the Lukes-Collins and Rappaport classifications 
relates to the significance of nodular versus diffuse 
pattern. Recall that, according to Rappaport, nodular 
growth pattern is associated with an indolent disease. 
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According to Lukes and Collins, however, when patients 
are stratified into groups based on the cell of origin, 
differences between nodular and diffuse lymphomas 
become biologically minimal. It is claimed, for example, 
that the observed superior survival of patients with 
nodular lymphomas is related to the fact that the nodular 
pattern is seen most often with small cleaved cell 
tumors, which are the least aggressive of the FCC 
lymphomas. Although this issue is not completely re- 
solved, most published studies continue to support the 
notion that the nodular growth pattern, independent of 
the cytologic subtype, is associated with a better prog- 
nosis.* 

In addition to clinical utility, we must also ask 
whether the Lukes-Collins classification is practical and 
reproducible. Although its authors contend that the 
functional classification can be applied by using only 
morphologic criteria, others have failed to achieve more 
than 60% accuracy in classifying the cell of origin on 
the basis of histologic examination.” Therefore, it has 
been advocated that markers that characterize various 
immune cells (Table 15-3) be routinely utilized as an 
adjunct to morphology. With this refinement, it is 
claimed that meaningful correlations can be made be- 
tween the immunologic type and the clinical behavior 


Table 15-3. TECHNIQUES USED FOR IDENTIFICATION OF T CELLS, B CELLS, AND HISTIOCYTES 


T Cells B Cells 
Rosette methods* 
Spontaneous sheep erythrocyte (E) + — 
receptor 
Complement (EAC) receptor (+) + 
Fe (EA) receptor (+) 
Surface immunoglobulin 
Cytoplasmic immunoglobulin - + 
Monoclonal antibodies OKT3, OKT11 + - 
OKT10 + — 
Anti-HLA-DR (+) + 
Cytochemistry 


a-Naphthyl butyrase (NSE)t 
Acid phosphatase (+) 7 


Tartrate-resistant acid phosphatase _ (+) 
Muramidase (lysozyme) = é. 


TdT (+) (+) 


Histiocytes 
Monocytes Comments 
Cytocentrifuge preparations of value in evaluating 
lymphomas 
= Present on all peripheral T cells 
+ Convoluted T-cell lymphomas are observed with 
complement receptors; normal T cells negative 
+ Present only on some T-cell subsets 


By immunofluorescence; monocytes may mark 
because of Fc receptors 

- Immunoperoxidase more useful than 
immunofluorescence in lymphomas because it can 
be used on paraffin sections 

- Present on all peripheral T cells; OKT11 is antibody 
to sheep red blood cell (E) receptor 

- Present only on intrathymic T cells and tumors of 
immature T cells 

+ Present only on activated T cells; seen also on 

Langerhans’ cells and dendritic cells 


+ Focal staining reported in T cells; specificity for T 
cells is not proved 

oe Reported in convoluted T-cell lymphomas and T-cell 

ALL 

Present in hairy cell leukemia 

+ Immunoperoxidase method on paraffin sections or 
imprints 

— Present only in primitive T and B cells 


*A rosette is identified as a nucleated cell surrounded by a cluster of appropriately treated sheep erythrocytes. Spontaneous sheep 
erythrocyte (E) receptor is detected by use of unsensitized sheep red cells. For detection of complement receptors, sheep erythrocytes 
(E) are coated with IgM antierythrocyte antibody (A) and sublytic amounts of complement (C); Fc receptors are detected by rosetting with 


erythrocytes (E) coated with IgG antierythrocyte antibody (A). 
tNSE = nonspecific esterase. 


Parentheses indicate that the presence of the marker is not characteristic or specific for that cell type, as explained under comments. 
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Table 15—4. A WORKING FORMULATION OF NON-HODGKIN’S LYMPHOMAS FOR CLINICAL USAGE (EQUIVALENT OR 
RELATED TERMS OF RAPPAPORT AND LUKES-COLLINS CLASSIFICATIONS ARE SHOWN) 


Working Formulation 


Low-Grade 
A. Small lymphocytic 


B. Follicular, predominantly small 
cleaved cell 
C. Follicular, mixed small cleaved 
and large cleaved cell histiocytic 
Intermediate-Grade 
D. Follicular, predominantly large cell 


E. Diffuse, small cleaved cell 
phocytic 

F. Diffuse, mixed large and small 
cell histiocytic 

G. Diffuse, large cell 


High-Grade 
H. Large cell, immunoblastic Diffuse histiocytic 
|. Lymphoblastic Lymphoblastic lymphoma 


J. Small noncleaved cell 


Miscellaneous 


of various NHLs.* It must be admitted, however, that 
the complex immunocytochemical procedures presently 
available have not yet been widely applied to the routine 
diagnostic evaluation of lymph node biopsies. 

In summary, it appears that, with respect to prog- 
nostication or patient management, the superiority of 
the Lukes-Collins approach to that of Rappaport has 
not yet been proved beyond reasonable doubt. The 
major contribution of the Lukes-Collins classification 
has been that it has significantly advanced our under- 
standing of the histogenesis of NHL and has provided 
an impetus for improving the existing classifications. 


A WORKING FORMULATION OF NHL FOR CLINICAL 
USAGE 


In addition to the two discussed above, four other 
well-described classifications are currently used in dif- 
ferent parts of the world.* Of these, the Kiel classifica- 
tion, used widely in Europe, is similar to the Lukes- 
Collins in being based partly on functional concepts. 
The others are purely morphologic. The existence of 
many classifications not only has resulted in much 
confusion and controversy, but also has made it impos- 
sible to compare effectively the results of clinical studies 
utilizing different systems. To resolve this, the National 
Cancer Institute of the U.S.A., in collaboration with 
several international experts, has suggested a new 
Working Formulation for Clinical Usage (Table 15—4).° 
As the name indicates, this classification has a strong 
clinical bias. NHLs are divided into three major prog- 
nostic groupings based on survival statistics, each group 
containing several morphologic categories. The five-year 
survival rate for the tumors classified as low grade 
ranged from 50 to 70%, and for tumors of intermediate 


Rappaport Classification 


Lymphocytic, well differentiated 
Nodular, poorly differentiated 


lymphocytic 
Nodular, mixed lymphocytic 


Nodular, histiocytic 
Diffuse, poorly differentiated lym- 
Diffuse, mixed lymphocytic and 


Diffuse histiocytic 


Undifferentiated, Burkitt's and 
non-Burkitt’s 


Lukes-Collins Classification 


Small lymphocyte and 
plasmacytoid lymphocytic 
FCC, small cleaved 


FCC, small cleaved and large 
cleaved 


FCC, large cleaved and/or non- 
cleaved 
FCC, small cleaved diffuse 


FCC, small cleaved, large 
cleaved, or large noncleaved 
FCC, large cleaved or noncleaved 


Ilmmunoblastic B- or T-cell type 
Convoluted T-cell lymphoma 
FCC, small noncleaved 


and high grade from 35 to 45% and 23.to 32%, 
respectively. The descriptive terminology is somewhat 
similar to that of the Lukes-Collins classification, but 
there is no attempt to segregate lymphomas on the basis 
of the presumed cell of origin. The histologic appearance 
of the tumors within the working formulation may be 
surmised from the equivalent terms in the Rappaport 
and Lukes-Collins classification (Table 15—4). Detailed 
comparisons with the other classifications are available 
in the report. 


MORPHOLOGY. The precise categorization of lympho- 
mas rests heavily on the cytologic details already presented, 
but without doubt immunocytochemical methods greatly in- 
crease diagnostic accuracy. Required for diagnosis are 
representative samples (usually excised nodes) of the lym- 
phoma, which should be promptly transferred to the diag- 
nostic laboratory unfixed, so that “touch imprints” of fresh 
cut surfaces and special immunologic and cytochemical 
procedures can be performed. Obviously the best possible 
histologic tissue sections are also necessary. 

Most lymphomas are characterized by lymphadenopa- 
thy and, as the disease advances, splenomegaly, hepato- 
megaly, and eventually involvement of other viscera. At first 
only one or a single chain of nodes is involved. In an analysis 
of a large series of cases, the cervical chain (either side) 
was the primary site of involvement in approximately 30 to 
40% of cases, and the axillary nodes in approximately 20%, 
followed in order by the inguinal, femoral, iliac, and medias- 
tinal nodes.”5 In approximately one-third of cases, extranodal 
disease may be the presenting feature. This is seen most 
frequently with histiocytic (large-cell) lymphomas. In all forms 
of lymphoma, affected nodes are variably enlarged, some- 
times up to massive size (10 cm in diameter). They are 
generally soft and fleshy and are usually discrete without 
adherence to surrounding structures. On cut surfaces, the 
nodular forms may present foci of nodularity barely apparent 


‘to the naked eye. Nodes with diffuse disease are homoge- 


668 


Figure 15—13. Cut surface of a lymph node with diffuse involvement 
with non-Hodgkin's lymphoma. The surface is homogeneous gray 
with total loss of nodal architecture. 


neously gray and have the appearance of fish flesh (Fig. 
15-13). Necrosis, hemorrhage, and foci of cystic softening 
are uncommon. With advance of the disease, progressively 
more nodes are affected, and the tumorous tissue may 
permeate the capsule of the node and extend into the 
pericapsular tissues to produce interadherence and matted, 
nodular tumorous masses (Fig. 15-14). Such a gross ap- 
pearance is characteristic of the diffuse patterns of lym- 


» * & ~ >. 
rd 4 a ® 
nf * 
- soe, cet . y - 
e SS ¢ 
< dphs Ni yi é dig BO 
agoes Ses a ores * 


DISEASES OF WHITE CELLS, LYMPH NODES, AND SPLEEN 


phoma. Lymphomatous spread to the spleen, liver, or other 
viscera may be inapparent macroscopically or may induce 
hepatosplenomegaly, sometimes without grossly visible le- 
sions, but more often minute to moderate-sized tumorous 
nodules resembling metastases can be seen. 


ETIOLOGY AND PATHOGENESIS. The etiology and 
pathogenesis of NHLs is as mysterious as that of all 
cancers. However, since lymphomas are neoplasms of 
the immune system, certain special features that apply 
to these tumors will be discussed here. It is well-known 
that the proliferation of lymphocytes is a normal con- 
sequence of their exposure to antigens and that this 
physiologic response is kept in check by a variety of 
regulatory mechanisms. It is postulated that malignant 
lymphomas develop when there is failure of immunoreg- 
ulation in the face of a persistent stimulus for lympho- 
cyte proliferation. Several observations support such a 
hypothesis. Human recipients of organ transplants (e.g., 
kidney or heart), patients with congenital immune de- 
ficiency syndromes, and those with certain autoimmune 
diseases have an unusually high incidence of NHLs. 

In the case of allograft recipients, the antigens of 
the graft provide persistent strong antigenic stimulus to 
the host lymphocytes, while feedback regulation of 
lymphoproliferation is impaired by simultaneous im- 
munosuppressive therapy. In autoimmune diseases, 
chronic antigenic stimulation is provided by the constant 
exposure to self-antigens. In this clinical setting there 
is a genetically determined impairment of immunoreg- 
ulation (p. 179), and immunosuppressive therapy with 
cytotoxic drugs further disturbs the regulatory networks. 
The greatly increased incidence of lymphomas with 
Sjogren's disease was mentioned earlier (p. 190); an 
increased risk is also noted with rheumatoid arthritis 


Figure 15—14. Lymphoma involving periaortic nodes. 


and SLE. In primary immunodeficiency syndromes, 
recurrent infections are the obvious source for antigenic 
stimulation. Many of these disorders are also associated 
with abnormalities in T-suppressor cells (p. 205). One 
form of immunodeficiency, the X-linked lymphoprolif- 
erative syndrome (XLP), is of particular interest. Unlike 
patients with the generalized immunodeficiency states 
in whom there is predilection for a wide variety of 
bacterial and viral infections, those with XLP have 
specific defects in immune responsiveness to EBV.” As 
might be expected with any X-linked disorder, only 
males are affected, who develop a variety of progressive 
and rapidly fatal disorders following exposure to EBV 
in early childhood. You may recall that in infectious 
mononucleosis the EBV-induced B-cell proliferation is 
contained by the activation of immunoregulatory T cells, 
and the disease is therefore self-limited (p. 288). By 
contrast, in patients with the XLP syndrome, infection 
with EBV may lead to fatal infectious mononucleosis or 
a malignant B-cell lymphoma, because they are unable 
to mount T-cell surveillance against the virus.?’ Para- 
doxically, in some patients abnormal and excessive T- 
suppressor cell response to the EBV infection may shut 
down normal hematopoiesis or immunoglobulin synthe- 
sis, leading to aplastic anemia or hypogammaglobuline- 
mia, respectively. 

The studies cited above have provided an alterna- 
tive explanation of the well-known association between 
EBV and Burkitt’s lymphoma. According to this view, 
the pathogenesis of Burkitt's lymphoma is a three-step 
process. In the first step, the EBV acts as a B-cell 
mitogen and initiates a polyclonal B-cell proliferation. 
In most individuals the lymphoproliferation is arrested 
at this stage owing to the activation of immunoregulatory 
T cells, and there is either no clinical disease or a self- 
limited episode of infectious mononucleosis (p. 288). A 
congenital (e.g., XLP syndrome) or acquired (e.g., 
immunosuppression in allograft recipients) defect in the 
T-cell response to EBV leads to the next step, charac- 
terized by sustained polyclonal B-cell proliferation, 
which in some cases may present as acute severe 
infectious mononucleosis. Although usually fatal, this 
condition does not represent a true neoplasm since the 
proliferating B cells are not monoclonal. In other pa- 
tients, the polyclonal B-cell proliferations may be 
chronic, setting the stage for the third and final step, 
lymphomagenesis—the emergence of a truly neoplastic 
clone of B cells. What brings about such a transition is 
not clear, but it seems reasonable to assume that the 
rapidly proliferating B cells are at a greatly enhanced 
risk of acquiring cytogenetic aberrations (such as trans- 
locations), some of which may offer growth advantage 
to the affected cell. In due course, the progeny of the 
cell with the translocated chromosome would replace 
all other B cells, resulting in a monoclonal B-cell neo- 
plasm. Recall that the tumor cells in Burkitt's lymphoma 
frequently show a nonrandom t(8;14) chromosomal 
translocation (p. 245). This translocation may so derange 
cellular regulation that the cells become autonomous. 
According to this view, then, EBV itself is not directly 
oncogenic but, by acting as a B-cell mitogen, it creates 
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an environment for the oncogenic event involving some 
critical gene rearrangements. Evidence for the stepwise 
transition from polyclonal to monoclonal B-cell prolif- 
eration has been observed, not only in cases with the 
XLP syndrome, but also in angioimmunoblastic lymph- 
adenopathy, an unusual disorder described later in this 
chapter (p. 696). Although this scheme is derived largely 
from the study of Burkitt’s lymphoma, it is not essential 
to invoke EBV in the causation of other malignant 
lymphomas. Sustained polyclonal proliferation of lym- 
phocytes, an essential ingredient of this hypothesis, may 
derive from any one of the causes of chronic antigenic 
stimulation discussed earlier. It is interesting to note in 
this context that many distinctive nonrandom chromo- 
somal abnormalities (mostly translocations) have been 
identified with a high frequency in several B-cell lym- 
phomas other than Burkitt's tumor.*8 In most of these, 
chromosome 14 is involved in the translocation and the 
breakpoint is almost always at the same band, i.e., q32. 
There is no satisfactory explanation for this remarkable 
constancy of the breakpoint, but it has been suggested 
that genes close to band q32 on chromosome 14 are 
somehow capable of affecting the proliferative state of 
the affected cells, as discussed on pages 249 and 677. 

In closing, it should be pointed out that in the 
great majority of patients with NHLs there is no overt 
immunologic abnormality. However, this does not pre- 
clude the possibility that subtle disturbances in immune 
regulation not easily detected by present-day techniques 
may underlie most cases of NHL. 

STAGING. A staging system of Hodgkin’s disease is 
described on page 674. Like NHL, Hodgkin's disease 
usually arises within lymph nodes and then disseminates 
more widely. A rigorous protocol has been devised to 
express the extent and distribution of Hodgkin's disease 
within the patient, employing meticulous physical ex- 
amination, blood studies, lymphangiography, laparot- 
omy, liver biopsy, and splenectomy. Unlike Hodgkin’s 
disease, however, staging is of limited value in deciding 
therapy or offering prognosis for patients with NHL. 
This stems from the fact that in NHL the histologic type 
influences prognosis much more profoundly than does 
the extent of disease. For example, nodular lymphomas 
have the best prognosis despite disseminated (Stage IV) 
disease at the time of diagnosis. Staging is most valuable 
in the diffuse histiocytic lymphomas, since they often 
present with localized disease. However, staging is 
essential in order to compare different modalities of 
treatment within a given histologic category. 

CLINICAL CouRSE. Non-Hodgkin's lymphomas are 
most often diagnosed in adults, usually in the fifth to 
sixth decades of life, but may occur in children. Child- 
hood lymphomas differ in many respects from those in 
adults. In general, extranodal (abdominal, mediastinal) 
disease is much more common and nodular lymphomas 
are rare. Lymphoblastic lymphoma and undifferentiated 
lymphomas constitute the two most common histologic 
types. Although these are aggressive lesions, they re- 
spond well to therapy and approximately 50% are cu- 
rable.” 


Typically, lymphomas present with the insidious 
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onset of peripheral, painless nodal enlargement. In some 
patients, these tumors come to attention as mediastinal 
masses, as gastrointestinal lesions, or as causes of sple- 
nomegaly or hepatomegaly. Rarely, they present as a 
bone tumor, tonsillar enlargement, or the cause of an 
anemia or leukemia. The range of clinical presentations 
is almost limitless, since they may be primary in any 
site bearing lymphoid tissue. Wherever they present, 
unless controlled by therapy, more and more nodes 
become involved over the span of months, along with 
the spleen and liver as well as other tissues and organs. 
Unlike Hodgkin’s disease, the spread is not predictable. 
With more advanced disease, fever, sweats, and weight 
loss may appear. The hepatosplenomegaly may be quite 
massive. When the lymphomatous cells spill into the 
peripheral blood, a leukemia-like pattern of disease is 
created with lymphomatous seeding of all organs of the 
body. 

As expected, the prognosis varies with the extent 
of the dissemination, the specific form of lymphoma, 
and the therapeutic modalities employed. Radiation 
alone may be used in the earlier stages of these diseases, 
but in the later stages, chemotherapy or combined 
radiation and chemotherapy are generally employed. 
The range of cytotoxic and cytostatic drugs used alone 
and in variable combinations is now quite large and 
beyond our scope. These diseases once cast a hopeless 
pall, but some have yielded remarkably to therapy, to 
the point at which it is now possible to speak of “long 
remissions” lasting for years of some of these once 
rapidly progressive disorders. 


Hodgkin’s Disease (Hodgkin’s Lymphoma) 


Hodgkin’s disease has been segregated from NHL 
for many reasons. First, it is characterized histologically 
by the presence of neoplastic giant cells called Reed- 
Sternberg cells admixed with a variable inflammatory 
component. Second, its spread is almost always by 
contiguity—from one chain of nodes to the adjacent 
groups. Finally, it almost never has a leukemic compo- 
nent. 

Several histologic variants of Hodgkin's disease 
have been recognized. The one common denominator 
among all forms is the presence of a distinctive tumor 
giant cell known as the Reed-Sternberg (RS) cell. It is 
considered to be the essential neoplastic element in all 
forms of Hodgkin’s disease, and its identification is 
essential for the histologic diagnosis. Classically, it is a 
large cell (15 to 45 wm in diameter), most often binu- 
cleate or bilobed with two halves often appearing as 
mirror images of each other (Fig. 15-15). At other times 
there are multiple nuclei, or the single nucleus is mul- 
tilobate and polypoid. The nucleus is enclosed within 
an abundant amphophilic cytoplasm. Prominent within 
the nuclei are large, inclusion-like, “owl-eyed” nucleoli 
generally surrounded by a clear halo. In typical RS cells 
the nucleoli are acidophilic or, at the least, amphophilic, 
and react strongly with RNA stains. Giant cells are 
sometimes found that have all the characteristics of the 
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Figure 15-15. Reed-Sternberg cell. (From Neiman, R. S.: Current 
problems in histopathologic diagnosis and classification of Hodgkin's 
disease. Pathol. Annu. 73:289, 1978.) 

multinucleate cell just described and that contain only 
a single nucleus replete with large nucleolus. Although 
such cells may be biologic variants of the RS cell, they 
are not diagnostic of Hodgkin’s disease. Other cells, 
uninucleate or multinucleate, may not have a nucleolus; 
these, too, are nondiagnostic. One additional variant, 
the so-called lacunar cell, is encountered primarily 
within one of the distinctive patterns of Hodgkin’s 
disease called nodular sclerosis. 

It is somewhat anticlimactic to report that cells 
closely simulating or identical with RS cells have been 
identified in conditions other than Hodgkin's disease. 
Lukes et al.*° have reported RS-like cells in infectious 
mononucleosis, and Rappaport and colleagues*! have 
observed cells that resemble the RS cell in solid tissue 
cancers, mycosis fungoides, lymphomas, and other con- 
ditions.” Thus, to quote Rappaport et al., “we believe 
that a definitive diagnosis of Hodgkin’s disease cannot 
be rendered in the absence of Sternberg-Reed cells, 
but that the diagnosis depends upon the total histologic 
picture. °' Stated another way, the RS cell is necessary 
but not sufficient for the diagnosis. Thus, we are faced 
with the dilemma that a histologic diagnosis of Hodgkin’s 
disease cannot be made without identifying RS cells, 
but RS cells cannot be identified unless they are present 
in Hodgkin's disease. Recognizing this difficulty, we can 
turn to a characterization of the morphologic forms of 
Hodgkin's disease. 

CLASSIFICATION. It is heartening that unlike the 
situation with NHLs, there is nearly universal accept- 
ance of a single, well-characterized classification—the 
Rye.* Four distinctive patterns have been defined that 
vary in their gravity. The essential morphologic feature 
that separates three of the four subgroups (lymphocytic 
predominance, mixed cellularity, and lymphocytic de- 
pletion) is the frequency of the RS cells, relative to the 
number of lymphocytes, representing the host response. 
The frequency of lymphocytes seems to have a direct 


bearing on the spread and prognosis of Hodgkin's dis- 
ease. The fourth variant, nodular sclerosis, which has 
distinctive histologic as well as clinical features, is 
believed to represent a special expression of the disease. 
In most series, nodular sclerosis is the most common 
variant (40 to 75%) followed by mixed cellularity (20 to 
40%). The two polar groups, i.e., lymphocyte predom- 
inance and lymphocytic depletion groups, are the least 
common (5 to 15% each). 

Lymphocyte-predominance Hodgkin's disease is 
characterized by a diffuse or sometimes vaguely nodular 
infiltrate of mature lymphocytes admixed with variable 
numbers of benign histiocytes. Scattered among these 
cells are the distinctive RS cells, but these are almost 
always few in number (Fig. 15-16). Variants that lack 
the large “owl-eye” nucleoli are somewhat more com- 
mon, but are not diagnostic. However, they serve as 
useful clues since their presence warrants a careful 
search for typical RS cells. Without the identification of 
RS cells, the lymphocyte-predominance pattern could 
be readily mistaken for one of the lymphocytic forms of 
NHL. There usually is little fibrosis and no evidence of 
areas of necrosis. 

Mixed-cellularity Hodgkin's disease is marked by a 
diffuse infiltrate of lymphocytes, histiocytes, eosinophils, 
and plasma cells. Classic RS cells are usually plentiful 
and lymphocytes are much less numerous than in the 
lymphocyte-predominance form. Small areas of necrosis 
and fibrosis may be present, but are not as prominent 
as in the lymphocyte-depletion form. Mixed cellularity 
disease occupies an intermediate position in clinical 
gravity between the lymphocyte-predominant and lym- 
phocyte-depletion patterns. 

The lymphocyte-depletion pattern shows a paucity 
of lymphocytes and a relative abundance of RS cells or 
their atypical pleomorphic variants. Since the ratio of 
the neoplastic elements to the reactive lymphocytes is 
tilted in favor of tumor cells, this pattern constitutes the 
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most ominous form of Hodgkin's disease. It presents a 
somewhat broad range of morphologic changes, some- 
times subdivided into diffuse fibrosis and reticular var- 
iants. In the diffuse-fibrosis variant, the hypocellular — 
node is largely replaced by a proteinaceous fibrillar 
material that represents a disorderly, nonbirefringent 
connective tissue. Scattered within this background are 
lymphocytes, pleomorphic (atypical) RS cells, and a few 
typical RS cells (Fig. 15-17). The reticular variant is 
much more cellular and is composed of a diffuse infiltrate 
of highly anaplastic, large, pleomorphic cells, which 
may simulate RS cells but which lack all their classic 
features. Only a few typical RS cells can be identified. 

The nodular-sclerosis pattern of this disease is 
described last because in many respects it appears to 
represent a distinct entity having a different biologic 
significance and epidemiology from the other three 
variants. Clinically, it is the only form more common in 
women and it has a striking propensity to involve 
mediastinal, supraclavicular, and lower cervical nodes. 
It is characterized morphologically by two features: (1) 
birefringent, well-defined bands of collagen that tra- 
verse the lymph node, enclosing nodules of normal or 
abnormal lymphoid tissue (Fig. 15-18); (2) a tendency 
for the RS cells to assume the lacunar morphology. The 
lacunar cells have a single hyperlobated nucleus with 
multiple small nucleoli and an abundant, pale-staining 
cytoplasm with well-defined borders. In formalin-fixed 
tissue, the pale cytoplasm of these cells often retracts, 
giving rise to the appearance of the nuclei lying in a 
clear space or a ‘lacuna’ (Fig. 15-19). Classic RS cells 
are infrequent. In some cases the fibrosis is abundant, 
leaving only suggestive islets of lymphoid tissue. Within 
the lymphoid nodules the pattern may take the form of 
lymphocyte predominance, may show mixed cellularity, 
or at times may be composed almost entirely of lacunar 
cells. In other instances the fibrosis is quite scant, and 
diagnosis rests on the numerous lacunar cells. 
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Figure 15-16. Lymphocyte-predominance Hodgkin's disease. (From Neiman, R. S.: Current problems 
in histopathologic diagnosis and classification of Hodgkin’s disease. Pathol. Annu. 13:289, 1978.) 
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Figure 15-18. Hodgkin's disease—nodular sclerosis. This low- 
power view shows well-defined bands of collagen enclosing nodules 
of abnormal lymphoid tissue. On left, some compressed remnants 
of normal lymph node can be seen under capsule. (Courtesy of Dr. 
Jose Hernandez, Department of Pathology, Southwestern Medical 
School, Dallas, Texas.) 


Figure 15-17. Lymph node in diffuse-fibrosis Hodg- 
kin’s disease. All cellular elements are greatly dimin- 
ished, and granular, proteinaceous interstitial material 
is prominent. A few highly atypical polyploid cells that 
lack the cytologic features of Reed-Sternberg cells are 
present. (From Neiman, R. S.: Current problems in 
histopathologic diagnosis and classification of Hodg- 
kin’s disease. Pathol. Annu. 13:289, 1978.) 


MORPHOLOGY. Hodgkin’s disease almost always be- 
gins in a single node or chain of nodes, but occasionally it 
arises within the thymus or spleen. The nodular-sclerosis 
pattern most often arises in the mediastinum, suggesting a 
thymic origin, but it too may first appear in a node in the 
clavicular or neck region. Over the course of time the disease 
spreads to contiguous chains of nodes, a feature considered 
quite characteristic of Hodgkin’s disease. 

The gross appearance of involved nodes depends on 
the particular histologic pattern. With the lymphocyte pre- 
dominance pattern, the nodes have a soft, uniform, fish- 
flesh appearance and are not distinguishable from nodes 
involved by the diffuse NHLs. With the mixed-cellularity 
pattern, foci of pale, opaque, yellow-white necrosis may be 
evident on the cut surface. With nodular sclerosis and the 
more fibrous lymphocyte-depletion patterns, the involved 
nodes may be tough and gray-white, as would be expected. 
In such instances, groups of nodes are often firmly matted 
together. As the disease extends, particularly in the more 
aggressive patterns, it may penetrate the nodal capsules to 
involve the perinodal tissue and to produce matted chains 
of nodes. Involvement of the spleen, liver, bone marrow, 
and other organs and tissues may appear in due course, 
taking the form of irregular, tumor-like nodules of tissue 
resembling that present in the nodes. At times, the spleen 
is greatly enlarged and the liver is moderately enlarged by 
these nodular masses. At other times, the involvement is 
more subtle and becomes evident only on microscopic 
examination. 

The histologic details of the four variants of Hodgkin's 
disease have already been presented. No morphologic 
variant can be diagnosed without identification of the 
distinctive, albeit not pathognomonic, RS cells. This is 
particularly important to remember since some forms of 
Hodgkin's disease with an abundance of inflammatory cells 
(eosinophils, neutrophils, histiocytes, and plasma cells) 
come deceptively close to simulating a reactive inflammatory 
process, whereas others (such as the reticular form of 
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lymphocyte-depletion Hodgkin’s disease) can easily be mis- 
taken for non-Hodgkin's, histiocytic lymphoma. 
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ETIOLOGY AND PATHOGENESIS. The origins of 
Hodgkin’s disease are unknown. The question of etiol- 
ogy is especially complex since several fundamental 
issues have not been resolved. What is the derivation 
of the neoplastic RS cells? Do the various histologic 
variants of Hodgkin’s disease represent a single disorder 
with a common etiology? Are some forms of Hodgkin's 
disease caused by an infectious agent? Central to many 
of these issues is a large body of epidemiologic data.™ 
Hodgkin’s disease has a bimodal age-incidence curve, 
with one early peak at 15 to 34 years and a second peak 
after the age of 45 years. In the younger age group 
there is an increased risk associated with smaller fami- 
lies, better housing, and higher education. These factors 
are known to be associated with late exposure to a 
variety of common childhood infections, including po- 
liomyelitis. Therefore, it has been suggested that Hodg- 
kin’s disease, like paralytic poliomyelitis, may be a rare 
consequence of delayed infection with a common 
agent—possibly the EB virus. Some indirect evidence 
supports the viral hypothesis. In young adults with 
infectious mononucleosis, there is a two- to threefold 
higher incidence of Hodgkin's disease. Furthermore, 
relative to healthy controls, patients with Hodgkin's 
disease have a higher titer of antibody to EBV capsid 
antigen. However, none of this evidence can be consid- 
ered conclusive. The role of EBV in the etiology of 
Hodgkin’s disease is not supported by the reported 
absence of EBV nucleic acid sequences in cultured RS 
cells. Thus, it could very well be that the epidemiologic 
association between EBV infection (or infectious mono- 
nucleosis) and Hodgkin's disease reflects a common 
population at risk for both the diseases. Several earlier 
reports suggested clustering of Hodgkin's disease in 
young adults, thus implicating a horizontal transmission 
of an infectious agent, but this hypothesis has not yet 
received wide support. In contrast with the younger 
age group, viral infection has not been implicated in the 
pathogenesis of Hodgkin’s disease in older patients. 

There are also clinical and histologic differences in 
the two age groups. In the younger patients, the male- 
to-female ratio is about equal, and most of the cases 
have the nodular-sclerosis pattern. In the older group, 
the male-to-female ratio is higher and there is greater 
frequency of the mixed-cellularity pattern. Whether 
these differences are truly indicative of two distinct 
etiologic forms of Hodgkin's disease remains to be 
proved. At present, the possibility cannot be excluded 
that the bimodal age incidence as well as other differ- 
ences may reflect variation in host response to a single 
unknown causative agent. 

A major hurdle to an understanding of the nature 
of Hodgkin’s disease has been the mystery surrounding 
the genealogy of the “transformed” neoplastic cells. It 
is now widely accepted that RS cells or their variant 
forms represent the tumorous element.*° However, there 
are disagreements over whether they are T cells, B 
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cells, or histiocytes. Since patients with Hodgkin's dis- 
ease have a marked impairment of T cell-mediated 
immunity, manifested by cutaneous anergy and in- 
creased susceptibility to various fungal and opportunistic 
infections, it has been suggested that RS cells represent 
transformed T cells. However, no T-cell markers have 
been detected on the RS cells, and moreover the 
impairment of T-cell immunity seems to be caused by 
activation of suppressor cells rather than loss of function 
due to neoplastic transformation of T cells.°” Several 
workers have observed immunoglobulins either within 
or on the surface of RS cells, implicating a possible B- 
cell origin. However, recent studies with monospecific 
light-chain antisera indicate that both kappa and lambda 
light chains are present within the cytoplasm of RS 
cells. Since an individual B cell can produce only one 
kind of light chain, the intracytoplasmic immunoglobu- 
lins in the RS cells must derive from passive internali- 
zation rather than endogenous synthesis. Attention, 
therefore, is now focused on macrophages as the can- 
didates for neoplastic transformations. This possibility is 
supported by some recent histochemical and cell culture 
techniques. RS cells are positive for two macrophage- 
associated enzymes, acid phosphatase and nonspecific 
esterase, but the staining pattern is weaker than that 
observed in normal histiocytes. Yet another possibility 
exists. A monoclonal antibody reactive against perma- 
nent cell lines obtained from Hodgkin's tissue seems to 
cross-react with a very small population of cells in the 
parafollicular areas of normal lymph nodes, suggesting 
an origin from the so-called “interdigitating reticulum 
cells” found in this site.** These cells are believed to 
represent a special type of histiocyte.®? Thus, the mist 
that surrounds the origins of Hodgkin’s disease seems 
about to clear, but we still await the clear light. 

STAGING. The staging of Hodgkin's disease is of 
great importance since its extent and distribution influ- 
ence the clinical course, choice of therapy, and prognosis 
(Table 15—5). 

A rigorous protocol has been established to deter- 
mine the extent of spread of the lymphoma within the 
patient. It comprises (1) meticulous physical examination 
with particular attention to all lymph nodes, spleen, 
and liver; (2) a bipedal lymphangiogram (i.e., injection 
of a radiopaque dye into lymphatic channels of the feet) 
to visualize possible involvement of iliac and para-aortic 
nodes; (3) computed tomography (CT scan), especially 
to visualize involved upper abdominal and _ thoracic 
lymph nodes; (4) laparoscopy to assess possible splenic 
and hepatic involvement; and (5) in many clinics, a 
staging laparotomy, which includes biopsies of the liver 
and intra-abdominal lymph nodes, and removal of the 
spleen. With such an approach, it has been shown that 
in about one-third of the cases the staging laparotomy 
materially alters previous assessments about the extent 
of disease. However, splenectomy, although it allows 
accurate staging, predisposes to severe fatal septicemias, 
and therefore the utility of this procedure in the man- 
agement of Hodgkin’s disease is being reevaluated. 

CLINICAL Course. At the outset there is painless 
enlargement of a single node or group of nodes. With 
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Table 15-5. CLINICAL STAGES OF HODGKIN’S AND NON- 
HODGKIN'S LYMPHOMAS (Ann Arbor Classification)* 


Stage 


Distribution of Disease 


| Involvement of a single lymph node region (I) or 
involvement of a single extralymphatic organ or 
site (I;). 

iH Involvement of two or more lymph node regions 
on the same side of the diaphragm alone (II) or 
with involvement of limited contiguous 
extralymphatic organ or tissue (lIl,). 

Il Involvement of lymph node regions on both sides 
of the diaphragm (Ill), which may include the 
spleen (Ills) and/or limited contiguous 
extralymphatic organ or site (Ill, Ill-s). 

IV Multiple or disseminated foci of involvement of 
one or more extralymphatic organs or tissues 
with or without lymphatic involvement. 


“All stages are further divided on the basis of the absence (A) 
or presence (B) of the following systemic symptoms: significant 
fever, night sweats, and/or unexplained weight loss of greater than 
10% of normal body weight. 


From Carbone, P. T., et al.: Symposium (Ann Arbor): Staging 
in Hodgkin's disease. Cancer Res. 31:1707, 1971. 


spread, symptoms such as fever, night sweats, weight 
loss, pruritus, and anemia may appear. The extent of 
the dissemination and the presence or absence of sys- 
temic symptoms are expressed by the clinical staging 
system (Table 15-5). As might be expected, most pa- 
tients with lymphocyte-predominance disease are first 
diagnosed in clinical Stage I-A or II-A, whereas those 
with the lymphocyte-depletion variant are more apt to 
be in Stage III-B or IV-B. The mixed-cellularity pattern 
falls intermediate between these extremes. With nod- 
ular sclerosis, the great majority of individuals are in 
clinical Stages I-A and II-A, but occasionally some fall 
into II-B or III-B and rarely into IV-B. 

It is impossible at this time to express a prognosis 
for the various forms of Hodgkin’s disease because of 
the rapidly changing and ever more effective modes of 
therapy. Before the introduction of current treatment 
protocols employing high voltage irradiation of lymph 
nodes and chemotherapy, there was a marked influence 
of the specific morphologic variant on the outlook. 
However, in the very recent past, much more aggressive 
modes of therapy have largely obliterated these differ- 
ences. Currently, the extent of disease appears to be 
the most important prognostic indicator. Five-year sur- 
vival of patients with Stages I and II-A is now close to 
100%, and most can expect to be cured. With advanced 
(Stages III and IV) disease, approximately 50% can 
achieve long-term, relapse-free survival. It is evident 
that the outlook for this disease has dramatically im- 
proved. However, progress has created a new set of 
problems. Long-term survivors of combined chemo- 
therapy and radiotherapy have an increased risk of 
developing acute leukemia or some form of NHL. The 
many therapeutic steps forward, in the light of this 
unhappy byproduct, may require a few steps backward. 


LEUKEMIAS 


The leukemias are best viewed as malignant neo- 
plasias of white blood cell precursors, characterized by 


(1) diffuse replacement of the bone marrow with prolif- 
erating leukemic cells; (2) abnormal numbers and forms 
of immature white cells in the circulating blood; and (3) 
widespread infiltrates in the liver, spleen, lymph nodes, 
and other sites throughout the body. The term leukemia 
(“white blood”) was first used by Virchow to denote the 
tendency to reverse the usual ratio of red cells to white 
cells in the circulation. The white cell count in the 
peripheral blood may achieve staggering levels of over 
500,000 cells/mm?, but in some cases, the count is less 
than 10,000 cells/mm. Instances in which the white 
count is abnormally low have sometimes been referred 
to as aleukemic or leukopenic leukemia. However, it 
should be emphasized that the peripheral white count 
is merely the tip of the iceberg, having little to do with 
the ultimately fatal nature of leukemia. It is the anemia, 
thrombocytopenia, and loss of normally functioning 
leukocytes incident to the suppression of normal marrow 
elements by leukemic cells as well as the infiltrates of 
the various tissues and organs in the body that give 
these disorders their ominous aspect. 

CLASSIFICATION. Inevitably, the classification of 
leukemias has become increasingly complex. They are 
first divided into acute and chronic forms. The acute 
forms are characterized by a rapidly fatal course when 
untreated (on the order of two to four months from the 
time of diagnosis) and by the appearance in the blood 
of poorly differentiated cells, called “blasts.” The initial 
white count is subnormal in about one-third of the cases 
but is above 100,000 cells/mm? in 20% of cases. The 
chronic forms permit longer survival even when un- 
treated (two to six years in many cases) and are associ- 
ated with more mature circulating leukocytes. The 
peripheral white count may be subnormal but is more 
often markedly elevated into the hundreds of thousands 
(Fig. 15-20). 

The leukemias are then subclassified according to 
the particular type of white cell involved into (1) lym- 
phocytic and (2) myelocytic or myelogenous. A rudi- 
mentary classification therefore has four patterns of 
leukemia: acute lymphocytic (lymphoblastic) (ALL), 
chronic lymphocytic (CLL), acute myelocytic (myelo- 
blastic) (AML), and chronic myelocytic (CML). Regret- 
tably, difficulties arise with the acute leukemias, which 
are extremely heterogeneous both morphologically and 
with respect to cell surface markers. In the widely 
accepted French-American-British (FAB) classifica- 
tion,*® the acute leukemias are subclassified on the basis 
of morphology, apparent differentiation, and histochem- 
istry. In Table 15-6 a brief characterization of cell types 
is given along with each category, but more details are 
provided in the later section on morphology. It should 
be noted, however, that monocytic leukemia and acute 
erythroleukemia (Di Guglielmo’s syndrome), which 
were previously classified separately, are now included 
in the AML category. This change reflects a greater 
understanding of the origins of these variants, discussed 
later (p. 676). In addition to the FAB morphologic 
subgrouping, ALLs are also classified immunologically 
on the basis of cell markers.*’ In 65% of ALL the 
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Figure 15—20. Peripheral blood smear from a patient with chronic 
lymphocytic leukemia who had a WBC count of 120,000. 


Table 15—6. FRENCH-AMERICAN-BRITISH (FAB) 
CLASSIFICATION OF ACUTE LEUKEMIAS 


eee Acute (Lymphoblastic) (ALL) 

Small cells predominate but may vary, with some cells up to 
twice diameter of small lymphocytes. Nuclei are generally 
round and regular with occasional clefts. Nucleoli often are 
not visible. Cytoplasm is scanty. Cell population is 
homogeneous. 

L2 Cells are heterogeneous in size, and share in features of 
both L1 and L3. Nuclei often show clefts. Nucleoli are often 
present. 

L3 There is a homogeneous population of large cells (3 to 4 
times the diameter of small lymphocytes). Nuclei are round- 
to-oval with prominent nucleoli. Cytoplasm is abundant and 
deeply basophilic. 


Acute Myelocytic (Myeloblastic) (AML) 

M1. Myeloblastic leukemia without maturation—cells are 
dominantly blasts without Auer rods or granules. 

M2  Myeloblastic leukemia with maturation—many blasts but 
some maturation to promyelocytes or beyond. 

M3 Hypergranular promyelocytic leukemia—mostly 
promyelocytes with cytoplasm packed with peroxidase- 
positive granules. Many Auer rods. 

M4 Myelomonocytic leukemia—both myeloid and monocytic 
differentiation. Myeloid element resembles M2. 

M5  Monocytic leukemia—both “monoblasts” and monocytes, 
the former having large round nuclei with lacy chromatin 
and prominent nucleoli. Diagnosis must be confirmed by 
fluoride-inhibited esterase reaction. 

M6 ~~ Erythroleukemia—erythropoietic elements make up more 
than 50% of cells in marrow and have bizarre multilobate 
nuclei. May also be present in circulating blood, along with 
an admixture of myeloblasts and promyelocytes. 
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lymphoblasts lack surface immunoglobulin, do not form 
E rosettes, or react with monoclonal anti—T-cell antibod- 
ies (non-T, non-B group). The leukemic cells in the non- 
T, non-B group express the common ALL (CALLA) 
antigen, and therefore this group is referred to as 
common ALL (cALL). In approximately 20% of cases of 
cALL, the lymphoblasts have cytoplasmic Ig, suggesting 
that they represent immature (pre—B) cells. ALL, with 
the mature B-cell phenotype characterized by the pres- 
ence of surface Ig, is quite uncommon (5%). T-cell ALL 
makes up 15 to 20% of all cases and is similar to the 
lymphoblastic lymphoma, already discussed (p. 661). 
The remaining cases (10 to 15%) do not bear any 
distinctive cell surface markers and hence cannot be 
classified at present. This immunologic subclassification 
has not only shed light on the origins of ALL, but is 
prognostically meaningful and hence widely accepted. 

INCIDENCE. Leukemia is a common form of neopla- 
sia. In 1983, it was expected to be the sixth leading 
cause of cancer death in the United States. It is partic- 
ularly devastating in children under the age of 15, among 
whom it is the dominant cause of cancer death. ALL is 
the most frequent type in children under 15, and its 
peak incidence occurs at about age 4. AML dominates 
in the 15- to 39-year age range, and both AML and 
CML are encountered at ages 40 to 59. Thus, AML 
predominates in adults under 60. CLL predominates in 
adults over 60. Males are affected somewhat more often 
than females in all types of leukemia, the sex ratio 
reaching approximately 2:1 in CLL of the elderly. 
Overall 60% of leukemias are acute, of which 60% are 
classified as AML according to the FAB terminology 
and the remainder as ALL. Approximately 40% of cases 
are chronic, about two-thirds being CLL and one-third 
CML. Varying incidences have been reported from 
countries around the world, but there is some question 
whether these data reflect real differences or are the 
spurious results of differing levels of medical care and 
case-finding. There is, however, one example of a 
striking “racial” difference—the great rarity of CLL 
among the Japanese and other oriental populations.” 
Although the survivors of atomic bomb blasts in Japan 
later showed a marked increase in the other forms of 
leukemia, there was no observable increase in the 
incidence of CLL. 

ETIOLOGY AND PATHOGENESIS. The origins of leu- 
kemia are shrouded in the mysteries of all forms of 
cancer. No single etiologic or pathogenetic factor is 
likely to be applicable to all forms. The complex issues 
relating to leukemogenesis include (1) the cell of origin 
in various leukemias, (2) the nature of proliferative 
defect in the transformed cells, (3) changes in the 
genome responsible for the expression of leukemic 
phenotype, and (4) etiologic factors responsible for ini- 
tiating the genomic alterations. 

All leukemias have their origin in neoplastic mono- 
clonal proliferations of hematopoietic stem cells. The 
evidence that they are clonal disorders comes from the 
study of chromosomal markers such as the Philadelphia 
(Ph') chromosome (p. 232 and below) and analysis of 
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the glucose-6-phosphate dehydrogenase (G6PD) isoen- 
zymes (p. 221). The specific stem cells involved in 
different forms of leukemias have not been established 
with certainty, but progress has been made. In patients 
with the common form of acute lymphoblastic leukemia 
(cALL), the leukemic cells do not bear surface markers 
of T cells or B cells, but they contain the enzyme 
terminal deoxynucleotidyl transferase (TdT), which is 
presumed to be a marker of primitive lymphoid cells. 
Study of the immunoglobulin genes in the cALL leu- 
kemic cells suggests that in many cases they are genet- 
ically committed to B-cell differentiation.” Thus, it may 
be that in most cases cALL originates from very primi- 
tive B cells that have not yet acquired cytoplasmic or 
surface Ig. In the other major form of ALL, surface 
markers of intrathymic T cells are present, suggesting 
origin from cells committed to the T-cell differentiation 
pathway. These cells are also positive for TdT. Thus, 
TdT, which is present in most cases of ALL, can be of 
help in differentiating ALL from other acute leukemias. 

The acute myelogenous leukemias are also of diverse 
origins. In some cases the leukemic transformation 
seems to occur at the level of pluripotent myeloid stem 
cells, whereas in others the committed granulocyte- 
macrophage stem cells are involved (Fig. 14-1). The 
transformation of myeloid stem cells is responsible for 
the presence of common cytogenetic abnormalities in 
the myeloid as well as the erythroid precursors, even 
though myeloblasts commonly dominate the blood and 
bone marrow. Less often, the dominant cells may be 
erythroblasts or monoblasts, giving rise to acute eryth- 
roleukemia (FAB, M6), or acute monocytic leukemia 
(FAB, M5). In chronic myeloid leukemia.the involve- 
ment of platelets, erythroid precursors, and granulocytic 
cells points to an origin from the pluripotent myeloid 
stem cells.44 Some evidence, however, indicates that B 
cells and possibly T cells may also be a part of the 
neoplastic clone, suggesting that CML may result from 
transformation of the most primitive totipotential stem 
cells (p. 611). With regard to CLL, most cases are of 
B-cell origin; in the individual patient all leukemic cells 
express identical immunoglobulins, confirming the mon- 
oclonality of the disease. This form of leukemia is closely 
associated with and sometimes indistinguishable from 
well-differentiated lymphocytic lymphoma (p. 660). 
CLL, arising from T cells, is extremely rare. 

Relative to the nature of the proliferative defect in 
leukemia, all acute leukemias are characterized by a 
paucity of mature white cells and an excess of immature 
precursors. The accumulation of primitive cells could 
result from (1) defective maturation with a larger pop- 
ulation of immature cells capable of self-replication, (2) 
a prolonged life span due to delayed senescence, or (3) 
a shortened generation time with an increased rate of 
cell production. In acute leukemia the pool of actively 
proliferating cells is expanded but the cells have a 
prolonged rather than a shortened generation time. 
When normal stem cells divide, one of the daughter 
cells becomes committed to a differentiation pathway, 
whereas the other remains an uncommitted stem cell 


with ability to self-replicate; thus, the normal ratio of 
stem cells to committed cells is maintained close to 1:1. 
When leukemic stem cells divide, this ratio is altered 
owing to a block in maturation, yielding an increased 
proportion of stem cells. Thus, in acute leukemia there 
is an accumulation of leukemic cells resulting from a 
failure of maturation into functional end cells rather 
than hyperproliferation of neoplastic stem cells.*° This 
concept has important therapeutic implications, since in 
principle it may be possible with therapy to induce 
differentiation of the leukemic stem cells. The situation 
is quite different with CML, in which there is a 10- to 
20-fold increase in myeloid stem cells, but the accumu- 
lation is not due to a block in maturation. The leukemic 
stem cells continue to differentiate, as evidenced by the 
presence of vast numbers of mature cells in the periph- 
eral blood and by the ability of the leukemic cells to 
form colonies of differentiated progeny in vitro. More- 
over, cell kinetic studies reveal that the leukemic mye- 
loid stem cells do not divide more rapidly than normal 
stem cells.*’ Instead, the evidence points to some failure 
of leukemic stem cells to respond to physiologic growth 
regulators such as colony-stimulating factor (p. 612) 
and/or prostaglandins. The pathogenesis of CLL seems 
to involve an accumulation of mature-looking but im- 
munologically incompetent B lymphocytes (Fig. 15-21). 
The turnover of leukemic B cells in CLL is extremely 
slow, since most of the cells are fairly long-lived and 
recirculate for several months. 

Although the precise derangements that affect 
growth and differentiation of leukemic cells have not 
yet been identified, much interest is centered on defin- 
ing the genetic alterations responsible for expression of 
the leukemic phenotype. Most exciting are the recent 
observations implicating chromosomal rearrangements 
as critical events in leukemogenesis. It has been known 
for several years that CML is characterized by a unique 
chromosomal abnormality, the Ph! (Philadelphia) chro- 
mosome. In approximately 95% of patients with CML, 
the Ph! chromosome, usually representing a reciprocal 
translocation from the long arm of chromosome 22 to 
another chromosome (usually the long arm of chromo- 
some 9), can be identified in all the dividing progeny of 
pluripotent myeloid stem cells (p. 611). More recently, 
high-resolution techniques have allowed the detection 
of several nonrandom chromosomal abnormalities in 
acute leukemias as well. Some of these were discussed 
earlier (p. 231), but several points are worth reiterating. 
Two specific translocations are consistently associated 
with particular subtypes of AML: a translocation involv- 
ing the long arm of chromosome 8 and 21 t(8q —, 21q +), 
which is seen with AML-MQ2 in the FAB classification, 
and that between 15 and 17 t(15q+, 17q—), which 
characterizes acute promyelocytic leukemia (AML-M3 
in the FAB classification).** A third group of patients 
with AML is associated with Ph’ chromosome similar to 
that seen in CML. In addition, monosomy or partial 
deletion of chromosomes 5 or 7 and a trisomy of 
chromosome 8 are also seen in several cases. These and 
other chromosomal abnormalities can be readily dem- 
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Figure 15—21. Peripheral blood smear from a patient with chronic 
lymphatic leukemia. Most leukemic cells have the appearance of 
unstimulated small or medium-size lymphocytes. Owing to excessive 
fragility, the neoplastic lymphocytes are often damaged, giving rise 
to several “smudge” cells. (Courtesy of Dr. Jose Hernandez, De- 
partment of Pathology, Southwestern Medical School, Dallas, 
Texas.) 


onstrated in 50% of cases, but reports suggest that, with 
improved methods, subtle deletions and rearrangements 
can be found in virtually every patient with AML.* 
Specific karyotypic changes have also been seen in ALL, 
although less frequently. These include t(4q—; llq+) 
in cALL; t(8q—; 14q+), similar to the translocation 
seen in Burkitt’s lymphoma, in B-cell ALL; and, sur- 
prisingly, t(9q+; 22q—), i.e., the Ph’ chromosome, in 
approximately 25% of adults with ALL.” 

Although the idea that specific chromosomal ab- 
normalities may be associated with certain cancers is 
not new, the significance of the cytogenetic changes has 
been far from clear until recently. The current flurry of 
excitement in this area stems from convergence of the 
research on oncogenes and chromosomal abnormali- 
ties.*! Recall that Burkitt’s lymphoma is associated with 
t(8q—; 14q+), and a cellular oncogene has been 
mapped close to the breakpoint on chromosome 8. With 
translocation, the oncogene is shifted close to the gene 
coding for immunoglobulin heavy chain on chromosome 
14 (p. 249). More recently, it has been discovered that 
the formation of Ph! chromosome is associated with the 
translocation of a cellular oncogene present on chro- 
mosome 9 to the proximity of immunoglobulin light 
chain gene on chromosome 22.” It seems remarkable 
that in both instances the oncogenes are translocated 
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close to genes that are actively transcribed in the process 
of normal immunoglobulin synthesis. It could be spec- 
ulated, therefore, that oncogenes may be “turned on” 
at their new chromosomal locations owing to the influ- 
ence of promoter sequences in the adjacent immuno- 
globulin genes. The enhanced transcription and trans- 
lation of oncogenes may alter growth regulation so as to 
produce an autonomous cell. Shifting of genes may also 
contribute to the well-known association between the 
chromosomal instability syndromes (ataxia telangiecta- 
sia, Bloom’s syndrome, and Fanconis anemia, p. 241) 
and leukemias and other neoplasms (p. 264). In trisomy 
21 (Down’s syndrome), the 10- to 20-fold increased risk 
of leukemia may result from disturbances caused by 
changes in the gene dosage. 

In addition to their significance in unraveling the 
possible mechanisms of leukemogenesis, certain karyo- 
typic changes are also valuable in the clinical manage- 
ment of leukemia. It is known, for example, that Ph!- 
negative patients with CML respond poorly to chemo- 
therapy and have a significantly shorter survival. On the 
other hand, in acute leukemias the presence of an 
abnormal karyotype is usually associated with a poorer 
prognosis. However, this notion may have to be revised 
if additional studies confirm the observation that vir- 
tually every patient with AML has an abnormal karyo- 
type.” 

We come finally to the possible etiologic factors 
that initiate leukemogenesis. The increased incidence 
of leukemia following exposure to ionizing radiation (p. 
242) and chemicals such as benzene (p. 237) is well- 
known. More recently, the combined use of irradiation 
and alkylating agents for the treatment of Hodgkin’s 
disease has been found to increase severalfold the 
incidence of AML in survivors.® A viral causation of 
human leukemias has long been suspected, but it is 
only recently that solid evidence has begun to accu- 
mulate.™ The candidate retrovirus has been designated 
human T-cell leukemia virus (HTLV) owing to its asso- 
ciation with certain forms of T-cell leukemias and lym- 
phomas.” Much of the evidence linking HTLV to leu- 
kemogenesis was presented on page 243. A few 
summarizing observations follow. HTLV has been iso- 
lated from cultured neoplastic cells of a variety of T-cell 
malignancies, including cutaneous T-cell lymphoma 
(mycosis fungoides and Sézary syndrome), T-cell lym- 
phomas arising in lymph nodes, and most consistently 
from the adult T-cell leukemia endemic in some parts 
of Japan and the Caribbean countries (p. 685). Hybrid- 
ization and related studies reveal that HTLV is unique 
and is only distantly related to the other known mam- 
malian retroviruses. HTLV proviral sequences are pres- 
ent in the DNA of neoplastic T cells but not in the 
DNA of non-neoplastic B cells of the same patient, 
indicating that HTLV is acquired by infection and not 
transmitted in the germ line. Over 90% of patients with 
adult T-cell leukemia in the endemic areas have HTLV 
antibodies in their serum. In Japan, 48% of the patients’ 
relatives and some normal individuals also possess anti- 
HTLV antibodies. Although these serologic data are 
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strongly suggestive of horizontal spread, the precise 
mechanism of HTLV transmission is still unknown, as 
are many other aspects of the HTLV puzzle. Nonethe- 
less, the evidence obtained so far has electrified this 
area of research. 


MORPHOLOGY. The morphologic features of leukemia fall 
into two categories: (1) the specific cytologic features of the 
particular type of leukemia, and (2) the gross alterations 
common to all forms of leukemia. Turning first to the specific 
cytologic details, identification of the specific form of leuke- 
mia requires an accurate assessment of the cell types found 
in the peripheral blood and bone marrow. Identification of 
individual cell types is best performed on Romanowsky- 
stained (Wright’s, Giemsa) preparations (Fig. 15-22). Cyto- 
chemical stains are of particular value in the subcategories 
of acute myelogenous leukemia. Granulocytes possess two 
types of granules—azurophil and specific. During differentia- 
tion of neutrophils the azurophil granules are produced early, 
at the promyelocyte level of differentiation. These granules 
are primary lysosomes and contain various enzymes such 
as acid phosphatase and £-glucuronidase, common to all 
lysosomal granules (including those in lymphocytes) as well 
as myeloperoxidase specific to the granulocytic series. The 
specific granules that develop later (at the myelocyte stage) 
contain alkaline phosphatase, lactoferrin, and lysozyme. 
Esterases are found in granulocytic and monocytic cells. 
Thus, it is possible to differentiate the various myeloid cells 
by the battery of cytochemical techniques presented in Table 
15-7. In addition, myeloblasts or promyelocytes contain rod- 
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Figure 15—22. Peripheral blood smear from a patient with acute 
myelomonocytic leukemia (FAB, M4). Many of the leukocytes are 
monocytes and earlier blast forms, and several classic monocytic 
reniform indented nuclei are visible in upper center (arrows). (WBC 
46,000—42% monocytes and monoblasts.) 


Table 15-7. CVTOCHEMICAL STAINING IN THE ACUTE 
MYELOID LEUKEMIAS 


Acute Leukemia 


Myelogenous- 
Cytochemical Myelogenous Monocytic Monocytic 
Stain (FAB, M1-3) (M4) (M5) 
Peroxidase. + + — 
a-Naphthyl acetate _ + + 
esterase (ANE) 
Naphthyl AS-D + + _ 


chloroacetate 
esterase (NCE) 
Naphthyl AS-D - + + 
acetate esterase 
(NAE) + fluoride 
inhibition 
Sudan Black B + 4 


It 


shaped, reddish structures called Auer bodies or rods. 
These are abnormal lysosomal structures found principally 
in myelocytic, but occasionally in monocytic, cells, which aid 
in their identification. Immature blasts lack these distinctive 
features and are therefore extremely difficult to identify 
unless there are also some more differentiated cell forms. 
Another cytochemical feature to be noted is that the leu- 
kemic cells in CML usually have greatly reduced or no 
alkaline phosphatase. This feature is helpful in distinguish- 
ing CML from nonleukemic elevations of the white cell count 
(p. 655). In acute erythroleukemia (FAB, M6), primitive 
erythroid cells, particularly proerythroblasts, dominate the 
bone marrow. Often these immature erythroid forms are 
extremely atypical and have distorted nuclear shapes, meg- 
aloblastic features, multiple nuclei, and all forms of bizarre 
conformations (Fig. 15—23). In keeping with the stem-cell 
origin of AML, variable numbers of myeloblasts (with Auer 
rods) and promyelocytes are also to be found in the bone 
marrow. 
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Identification of the cell types in lymphocytic leukemias 
may be aided by the use of rosetting and immunocytochem- 
ical techniques, as detailed in the consideration of NHL (p. 
666). Also, as stated earlier, the enzyme terminal deoxynu- 
cleotidyl transferase is present in the leukemic cells of most 
cases of ALL. This enzyme is also found in some cases of 
CML in “blast crisis” (p. 685). 

The shared gross alterations found in the various types 
of leukemia can be conveniently divided into primary 
changes that are directly related to the abnormal num- 
bers of white cells, and secondary changes that stem 
from the destructive effects of the cellular infiltrates and 
overgrowths as they seed various organs and tissues. 
Macroscopic changes are much more prominent in the 
chronic leukemias. All, however, are characterized by ab- 
normal flooding or infiltration of the bone marrow, lymph 
nodes, spleen, liver, and kidney. Any other tissue of the 
body may be involved, but with less frequency and usually 
less severely than the organs just cited. Leukemic cells more 
or less resemble their normal counterparts in the marrow or 
lymph nodes, save perhaps for a greater tendency to im- 
maturity and the possible development of some anaplastic 
atypicality in individual scattered cells. 

Primary Changes. The bone marrow in the full-blown 
case has a muddy red-brown to gray-white color as normal 
hematopoiesis is overrun by masses of white cells. The 
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marrow replacement begins focally but, as the disease 


progresses, becomes generalized to affect all the normally 
active red marrow. It sometimes extends into areas of 
previously fatty marrow (Figs. 15-24 and 15-25). As the 
disease advances, the native marrow cells are progressively 
replaced. These neoplastic cells encroach upon and erode 
the cancellous and cortical bone. All the bones of the skeletal 
system are affected, but the process usually is first evident 
and most florid in the vertebral bodies, sternum, ribs, and 
pelvis. Sometimes the bony or soft tissue infiltrates in AML 
become tumorous masses called chloromas or granulocytic 
sarcomas. These may arise within the bone or subperios- 


Figure 15—23. Marrow smear from a patient with acute erythroleukemia (Di Guglielmo’s syndrome, 


FAB, M6) crowded with proerythroblasts. 
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Fig. 15-24 


teally in any portion of the skeleton, but more often they 
affect the skull. Owing to the presence of myeloperoxidase 
the tumors are a distinctive evanescent green when first 
examined, but rapidly fade as the pigment oxidizes. The 
color can be restored by the use of such reducing agents 
as hydrogen peroxide and hyposulfite. As variants of the 
myelogenous infiltrates, these tumors are interesting but 
have no specific clinical significance. 

The lymph nodes throughout the body may be enlarged 
in all forms of leukemia. There is, however, a marked 
difference in the degree of enlargement in various forms. 
Since lymphocytic leukemias arise within lymphoid tissue, 
they are associated with the most striking degrees of lymph- 
adenopathy (4 to 5 cm in diameter), particularly in CLL (Fig. 
15-26). The nodal enlargement of myelogenous leukemia 
is usually less prominent except in the monocytic variant 
(M5). tn all the leukemias, involved lymph nodes character- 
istically remain discrete, rubbery, and homogeneous, fea- 
tures that distinguish these enlargements from the matted, 
sometimes soft fluctuance of inflammatory involvement. The 
cut section is soft and gray-white and tends to bulge above 
the level of the capsule. When the enlargement is extreme, 
areas of hemorrhage or infarction may appear. Not all nodes 
in the body are uniformly affected, and the distribution of 
lymphadenopathy is quite variable from one case to another. 

On histologic examination, the nodes are partially or 
completely flooded by the neoplastic cell type to an extent 
that is roughly proportional to the enlargement of the node 
and the stage of advancement of the leukemia. Eventually, 
the sinuses are flooded and all structures, including the 
germinal follicles, are obliterated. The leukemic cells may 
invade the capsule of the node and infiltrate into the sur- 
rounding tissues. Such total flooding of nodes is quite 
characteristic of lymphocytic leukemia but less so of mye- 
loaenous leukemia. 
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Fig. 15-25 

Figure 15—24. Chronic lymphocytic leukemia. Low-power view of marrow flooded by uniform leukemic 
cells. 
Figure 15-25. Chronic lymphocytic leukemia. Medium-power view of same marrow as in Figure 
15—24, to illustrate monotony of lymphocytes. 


The spleen is enlarged to a variable degree in almost 
all instances. CML produces the most striking splenomegaly; 
splenic weights of 5000 gm or more are not unusual. Such 
spleens may virtually fill the whole abdominal cavity and 
extend into the pelvis (Fig. 15—27). Infarcts due to leukemic 
infiltration and obstruction of vessels are frequent in CML 
(Fig. 15-28). In lymphocytic leukemias, the spleen rarely 
exceeds 2500 gm in weight. In monocytic leukemia, it is 
uncommon for the spleen to exceed 1000 gm. In all in- 
stances, the capsule becomes somewhat thickened. Fre- 
quently, fibrous adhesions to surrounding structures develop. 

On section, the splenic substance is usually more firm 
than normal and has a muddy gray appearance. In extreme 
splenomegaly, the normal splenic follicles become indistinct 
and the tissue assumes a homogeneous appearance. His- 
tologically, the leukemic infiltrations of the spleen follow the 
patterns described in the lymph nodes. They vary from focal 
to diffuse involvement to progressive obliteration of the 
underlying architecture in the areas affected. 

The liver is commonly enlarged in all forms of leukemia 
but not to the same degree as the spleen. Hepatomegaly 
tends to be somewhat more striking in CLL than in the other 
forms, but rarely does the liver weight exceed 2500 gm. 
Hepatic involvement is usually diffuse in nature and therefore 
does not cause any striking alterations in the cut surface. 
Occasionally, however, patchy aggregates about portal 
areas may cause a diffuse, fine mottling that is visible on 
gross inspection (Fig. 15—29). Massive foci of infiltration of 
gray-white tissue sometimes appear that closely resemble 
metastatic patterns of other forms of cancer. The hepatic 
infiltrates tend to follow certain microscopic patterns that are 
somewhat distinctive for each form of leukemia. The infil- 
trates of myelogenous leukemia are not well defined and 
are present throughout the lobule (Fig. 15-30). Some aggre- 
gates of cells may be found in the portal triads but, in 
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Figure 15-26. Periaortic lymph node enlargement in chronic lymphocytic leukemia. 


Figure 15-27. Viscera in a patient with chronic myelogenous 
leukemia. Note massive hepatosplenomegaly, pale leukemic infil- 
trates in liver, and hemorrhages in subepicardial fat as manifesta- 
tions of depression of platelet formation. This case of CML was 
unusual in that it occurred in an 8-year-old child. 
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Figure 15-28. Spleen in chronic myelogenous leukemia. The massive enlargement dwarfs the 15- 
cm rule. Numerous small infarcts are dispersed through the cut surface. 


Fig. 15-29 Fig. 15-30 
Figure 15-29. Chronic lymphocytic leukemia in liver. Close-up of cut surface of liver to illustrate 
unusually prominent leukemic infiltration producing a fine regular mottling. 


Figure 15-30. Acute myelogenous leukemia in liver. Microscopic detail to illustrate scattered “polys” 
and immature myeloid cells through sinusoids. 


addition, cells are dispersed along the liver cords subjacent 
to the vascular sinusoidal walls. The infiltrates are charac- 
teristically localized to the portal areas in lymphocytic leu- 
kemia (Fig. 15-31). The central regions of the liver lobule 
are relatively spared in this dyscrasia. The hepatic infiltrates 
of the monocytic variant are least prominent and are very 
often absent. When present, they tend to follow the pattern 
described in myelogenous leukemia. 

In addition to these organ involvements, leukemic infil- 
trates are frequently found in the kidneys, adrenals, thyroid, 
and myocardium and in many other body tissues. Of partic- 
ular importance is the infiltration of the central nervous 
system by the leukemic cells; this occurs most commonly in 
ALL. Protected by the blood-brain barrier, cells infiltrating 
the meninges may escape the effects of systemically admin- 
istered drugs and eventually initiate a relapse. In all affected 
tissues, the infiltrates begin as small perivascular aggregates 
that progressively diffuse through the stroma of the affected 
organ. As the cells accumulate in sufficient number, they 
may compress and destroy adjacent parenchymal structures. 
When the infiltrates become large enough, they may produce 
macroscopically visible, pale-gray areas of infiltration. How- 
ever, these infiltrates are usually different from ordinary 
metastases. They tend to be less sharply circumscribed and 
are more diffusely infiltrated, so that they do not wipe out 
the underlying architecture as completely as do the metas- 
tases of other types of cancer (Fig. 15-32). 

Special mention should be made of the leukemic infil- 
trates of the skin and mucous membranes of the gingiva. 
On occasion, abnormal cells accumulate in the dermal and 
subcutaneous connective tissue (leukemia cutis). These 
cause variable forms of elevated-to-flat, pale-to-red skin 
macules or papules and are common in leukemias of T cells. 
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Infiltrates in the gingiva are particularly characteristic of the 
monocytic variant of AML. Swelling and hypertrophy of the 
gingival margins occur, and frequently the soft tissues in- 
volved freely ooze blood, or secondary bacterial infection 
develops, forming superficial necrotic ulcerations. 

Secondary Changes. By secondary changes are meant 
those lesions that stem from the destructive, erosive effects 
of the aggressive leukemic infiltrates and from the functional 
incompetence of leukemic cells. Anemia and thrombocy- 
topenia are characteristic secondary consequences of 
leukemic involvement of the bone marrow. The marrow 
failure results not only from replacement of the hemopoietic 
cells but also from the inhibition of normal stem-cell function 
by leukemic cells or their products. The anemia may become 
quite profound and lead to systemic and local tissue hypoxia. 
A hemorrhagic diathesis results from the thrombocytopenia, 
and abnormal bleeding is one of the most characteristic 
manifestations of acute leukemias. Purpura and ecchymoses 
may occur in the skin, with or without leukemic infiltrates. 
Hemorrhages into the gingivae as well as hemorrhagic foci 
in the urinary bladder, the mucosa of the renal pelves and 
calyces, the serosal membranes lining the body cavities, 
and the serosal coverings of the viscera (particularly of the 
heart and lungs) are standard features in advanced leuke- 
mia. Not uncommonly, intraparenchymal hematomas de- 
velop, most frequently in the brain. Many times, this wide- 
spread hemorrhagic tendency is the most obvious anatomic 
postmortem finding in these cases. In acute promyelocytic 
leukemia (FAB, M3), the release of procoagulant substances 
from the granules often leads to DIC and the attendant 
hemorrhagic diathesis (p. 649). 

Although the total white cell count is usually elevated in 
leukemia, the circulating abnormal white cells have little 
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muscle. (From Jackson, H. J., Jr., and Parker, F., Jr. (eds.): 
Hodgkin's Disease and Allied Disorders. New York, Oxford Univer- 
sity Press, 1947.) 


defensive capacity, resulting in an enhanced susceptibility 
to bacterial infection. The morphologic changes of these 
infections may be found in any organ or site in the body but 
are particularly common in the oral cavity, skin, lungs, 
kidneys, urinary bladder, and colon. The bacterial infections 
of leukemia resemble, to a great extent, those found in 
granulocytopenia, since both have in common a deficiency 
of functioning leukocytes. 

The leukemic proliferation in the bone marrow causes 
expansion of the marrow spaces, encroachment upon the 
cancellous and cortical bone, and resultant osteoporosis 
with increased radiolucency. The infiltrates within other tis- 
sues and organs remain confined for the most part to the 
interstitial connective tissue. The parenchymal elements are 
thus spread apart but usually are not severely damaged. 
For this reason, hepatic, renal, or cardiac failure is extremely 
uncommon in these cases. Only rarely does enlargement of 
the portahepatic nodes encroach sufficiently upon the extra- 
hepatic biliary ducts to cause obstructive jaundice. 

Therapy may significantly modify the anatomic changes. 
The use of cytotoxic drugs before death may virtually destroy 
all viable cells. It is not uncommon to find, post mortem, a 
striking paucity of preserved leukemic cells and indeed of 
all forms of marrow cells in patients who received intensive 
radiation therapy and chemotherapy in the terminal stages 
of their disease. Thus, the pathologist is sometimes con- 
fronted with the paradox of a patient having a clinically well- 
documented leukemia without anatomic changes to permit 
confirmation of the diagnosis. 
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CLINICAL CouRSE. Acute leukemias have an almost 
totally different clinical presentation from chronic leu- 
kemias. Chronic leukemias appear insidiously, but the 
acute disorders have a sudden, often stormy onset. You 
recall that ALL is a disease of childhood, whereas AML 
usually appears in adult life. Symptoms, when they 
appear, are related to depression of normal marrow 
function and include (1) fatigue due mainly to anemia; 
(2) fever, usually reflecting an infection; and (3) bleeding 
(petechiae, ecchymoses, epistaxis, and gingival bleed- 
ing) secondary to thrombocytopenia. Generalized 
lymphadenopathy, splenomegaly, and hepatomegaly, 
the results of organ infiltration by leukemic cells, are 
characteristic of ALL but usually are not prominent 
with AML. The marrow involvement in both disorders 
leads to subperiosteal bone infiltration, marrow expan- 
sion, and bone resorption, often resulting in bone pain 
and tenderness on palpation. CNS manifestations may 
appear with leukemic infiltration of the meninges, pro- 
ducing headache, nausea, vomiting, papilledema, cra- 
nial nerve palsies, and sometimes seizures and coma. 
More acute CNS complications may arise, such as 
intracerebral or subarachnoid hemorrhages. Occasion- 
ally, DIC punctuates the course of the promyelocytic 
form of AML (p. 649), especially when cell lysis caused 
by therapy result in the release of thromboplastic sub- 
stances from the granules. 

Both forms of acute leukemia are characterized by 
distinctive laboratory findings. Anemia is almost alwavs 
present. The white count in about half the patients is 
less than 10,000 cells/mm?* of blood, whereas in about 
20% it is elevated above 100,000 cells/mm?. Much more 
important is the finding of immature white cells, includ- 
ing “blast” forms, in the circulating blood and the bone 
marrow, where they make up 60 to 100% of all the 
cells. The platelet count is almost always depressed and 
in a great majority of cases is less than 100,000/mm*. 
Although not linearly related, the danger of bleeding 
manifestations progressively increases as the platelet 
count falls. Without treatment, the course of the acute 
leukemias is usually progressively downhill, ending in 
death in two to four months. 

The onset of the chronic leukemias is so insidious 
that they are sometimes discovered only during a routine 
physical examination. Symptoms, when they appear, 
are related to the hypermetabolism of the leukemic cells 
and include low-grade fever, night sweats, weight loss, 
weakness, and easy fatigability. The profound anemia 
causes considerable exertional dyspnea. In some cases 
the patient first becomes aware of a heavy dragging 
sensation in the abdomen produced by the splenomeg- 
aly. In other instances, lymphadenopathy calls attention 
to the underlying condition. Frequently, generalized 
lymphadenopathy, splenomegaly, and hepatomegaly are 
already present at the time of diagnosis. Generalized 
lymphadenopathy is most typical of CLL, whereas 
marked splenomegaly is most characteristic of CML. 
Bleeding manifestations may dominate the clinical pres- 
entation, particularly as marrow failure develops. CLL, 
characterized by accumulation of immunoincompetent 


B cells, is often associated with hypogammaglobulinemia 
and increased susceptibility to infections. Paradoxically, 
some patients develop anti-red cell antibodies and 
hemolytic anemia. 

As with acute leukemias, anemia is usually present 
in chronic leukemias, but the critical laboratory finding 
is the presence of abnormal immature Jeukocytes in the 
peripheral blood, accompanied by an elevated white 
cell count. In chronic leukemias the white cell count 
ranges from 50,000 to 500,000 cells/mm* of blood. In 
CML the circulating white cells are predominantly 
neutrophils and metamyelocytes, but more immature 
forms are also present. An increased number of baso- 
phils is quite typical of CML, helping to distinguish it 
from leukemoid reactions, which may produce a periph- 
eral blood picture deceptively similar to that of leukemia 
(p. 655). Other features that help to differentiate leu- 
kemoid reactions from CML are the absence of the Ph' 
chromosome and the increased level of leukocyte alkaline 
phosphatase. In CLL the peripheral white cells are 
largely mature lymphocytes, but some immature forms 
are also found. In both forms of chronic leukemia, 
platelets are depressed with advanced disease, but in 
the early course of CML the platelet count may be 
above normal. 

The prognoses for each of the various forms of acute 
and chronic leukemia are best considered individually, 
since they differ so much. Remarkable advances in 
therapy bring fresh gains yearly, rendering data out of 
date by the time thev are set to paper. In particular, 
the outlook for children with ALL is spectacularly 
improved. Intensive chemotherapy and the use of cor- 
ticosteroids now induce a remission in almost all chil- 
dren. With prophylactic irradiation and intrathecal che- 
motherapy for CNS involvement, over 50% are living 
after five years, many apparently free of disease. In 
these fortunate young ones, a much more prolonged 
remission or even a cure is not beyond hope. The adult 
with ALL fares less well and, although remissions can 
be achieved, the average survival is for two to three 
years. 

The outlook for patients with AML is more grim. 
Remissions can be achieved with chemotherapy in over 
half the patients, but these are generally transient and 
only 15 to 20% are alive after three years. In view of 
such a grim prognosis, bone marrow transplantation has 
been attempted in some centers. Early results are 
promising, with 50% long-term remissions, but this form 
of treatment is not yet widely available. 

The course of the chronic leukemias is one of slow 
progression, and even without treatment permits sur- 
vivals of two to three years. In CML, therapy may 
induce remissions, but there is little improvement in 
overall survival. Death in most cases is heralded by an 
acute phase known as a blast crisis during which a 
picture resembling acute leukemia develops. In about 
25% of cases, blasts contain the enzyme TdT and thus 
represent lymphoblasts; the remaining cases have a 
myeloblastic crisis. Recent studies indicate that the blast 
cells found in the lymphoblastic crises belong to the B- 
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cell lineage;®* this observation supports the thesis that 
CML. represents a disease of totipotential stem cells (p. 
611). CLL is the most indolent of the leukemias, and 
with therapy the median survival is four to six years. 
Unlike CML, blast crisis is rare and most patients die 
of infections, progressive leukemic infiltration, or causes 
unrelated to leukemia. 
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Unusual Types of Leukemias and Lymphomas 


Hairy Cett LEUKEMIA. This is an uncommon but 
distinctive form of chronic leukemia involving an un- 
usual cell, which shows several features of B lympho- 
cytes. The disorder derives its picturesque name from 
the appearance of the leukemic cells, which have fine 
“hairlike” cytoplasmic projections best recognized under 
the phase-contrast microscope or scanning electron mi- 
croscope, but also visible in routine blood smears. The 
genealogy of the transformed cells has proved extremely 
baffling. In most cases the pathognomonic hairy cells 
synthesize surface immunoglobulins of restricted light- 
chain type, a feature characteristic of monoclonal B-cell 
proliferations. On the other hand, some relationships to 
the monocyte-macrophage lineage and T cells have also 
been described.® Confusingly, the markers may fluc- 
tuate from those of B cells to those of T cells during the 
course of the disease or in culture.*” Without delving 
into further complexities, hairy cell leukemia may be 
said to result from the neoplastic transformation of a 
poorly characterized cell with features most strongly 
suggestive of B cells; however, origin from a totipotent 
stem cell (p. 611) with some differentiation along the T- 
cell or monocyte pathway cannot be ruled out at present. 
Mercifully, there is one cytochemical feature that is 
quite characteristic of hairy cell leukemia, i.e., the 
presence of tartrate-resistant acid phosphatase (TRAP). 
The exceptions to this observation are so few that 
positive TRAP staining in leukemic cells endowed with 
“hair” is considered virtually diagnostic of hairy cell 
leukemia in the appropriate clinical setting. 

Hairy cell leukemia occurs mainly in older males 
and its manifestations result largely from infiltration of 
bone marrow liver and spleen. Splenomegaly, often 
massive, is the most common and sometimes the only 
abnormal physical finding. Hepatomegaly is less com- 
mon and not as marked, and lymphadenopathy is dis- 
tinctly rare. Pancytopenia, resulting from marrow failure 
and splenic sequestration, is seen in over half the cases. 
Leukocytosis is not a common feature, being present in 
only 25% of patients. Hairy cells can be identified in 
the peripheral blood smear in most cases. The course 
of this disease is chronic with no satisfactory treatment; 
the median survival is four years. 

ADULT T-CELL LEUKEMIA-LYMPHOMA. This uncom- 
mon T-cell neoplasm has gained much prominence 
owing to its association with human T-cell leukemia 
virus (p. 243). Most of the initial cases were described 
from the southern part of Japan, where it is endemic,” 
but similar cases have now been found in the West 
Indies and sporadically in several other countries, in- 
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cluding the U.S. Characteristic clinical features of adult 
T-cell leukemia include generalized lymphadenopathy, 
hepatosplenomegaly, frequent skin involvement, severe 
hypercalcemia, and a poor prognosis.” The tumor cells 
are usually OKT4-positive, a feature shared with the 
closely related cutaneous T-cell lymphomas. These dis- 
orders, along with T-cell chronic lymphocytic leukemia 
and the T-cell lymphomas involving lymph nodes (p. 
665), represent the spectrum of differentiated T-cell 
neoplasms. In contrast, T-cell ALL and lymphoblastic 
lymphoma (convoluted T-cell lymphoma) represent tu- 
mors of immature T cells. 

HisTIOCYTIC MEDULLARY RETICULOSIS (MALIGNANT 
HistiocyTosis). This disease is widely believed to rep- 
resent a malignant tumor of mature and immature 
histiocytes with diffuse invasion of the viscera and bone 
marrow. For mysterious reasons, however, it usually is 
not included among histiocytic lymphomas. Earlier it 
was classified into a poorly defined category called 
histiocytoses, which also included the “histiocytoses X,” 
discussed later (p. 694). It derives its name from the 
infiltration of the medullary zone of lymph nodes by the 
histiocytes, which by no means is a diagnostic feature. 


Masses of histiocytes and their precursors may be seen 
in the skin, bone marrow, lymph nodes, spleen, and liver. 
The levels of cellular maturation differ, but in most instances 
the cells are immature and variable in size and shape, with 
large round nuclei and an abundant amphophilic or slightly 
basophilic cytoplasm. The nuclear chromatin is lacy and the 
nucleoli are prominent. In other cases, tne cells may closely 
resemble mature histiocytes, with oval-to-reniform nuclei, 
small nucleoli, and abundant amphophilic cytoplasm. It is 
impossible to differentiate these cell types from those en- 
countered in histiocytic lymphoma. Sometimes these cells 
appear to fill the sinuses of lymph nodes. In the various 
organ involvements the infiltrates may be difficult to differ- 
entiate from histiocytic !ymphoma with systemic dissemina- 
tion. However, characteristic of histiocytic medullary re- 
ticulosis is prominent erythrophagocytosis, not seen in 
histiocytic lymphoma. The neoplastic histiocytes may also 
contain other phagocytized material, including leukocytes 
and platelets, all of which contribute to the pancytopenia 
associated with this disease. 


The major clinical features of histiocytic medullary 
reticulosis include (1) lymphadenopathy, (2) hepatosple- 
nomegaly, (3) anemia or pancytopenia, (4) fever, and 
sometimes (5) skin infiltrates. Leukemic spread to the 
blood has been reported, but is rare. It is a rapidly 
progressive and fatal disease. Survival for more than 15 
months is unusual, the average being six months. 


Agnogenic Myeloid Metaplasia (Myeloid 
Metaplasia with Myelofibrosis) 


Agnogenic myeloid metaplasia, along with polycy- 
themia vera, chronic granulocytic leukemia, and idio- 
pathic thrombocythemia, belongs to the group of mye- 
loproliferative syndromes. As discussed earlier, these 
disorders arise from the clonal, neoplastic proliferation 
of the pluripotent myeloid stem cells (p. 641). Although 
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the dominant differentiated cell line differs in the var- 
ious myeloproliferative diseases, all the myeloid cell 
types (i.e., granulocytes/macrophages, erythroid cells, 
and platelets) can be demonstrated to be monoclonal. 
Some cases of polycythemia vera and CML may ulti- 
mately evolve into a stage characterized by marrow 
fibrosis and extramedullary hematopoiesis in the spleen 
(myeloid metaplasia). In many patients, however, 
splenic myeloid metaplasia and the accompanying mar- 
row fibrosis arise insidiously without an identifiable 
preceding syndrome; hence, the term agnogenic (idio- 
pathic) myeloid metaplasia. 

The cause of marrow fibrosis in agnogenic myeloid 
metaplasia is not clear. In the initial formulation of the 
concept of myeloproliferative diseases, it was assumed 
that marrow fibroblasts were derived from the hemato- 
poietic stem cells, and therefore proliferation of fibro- 
blasts was considered but one manifestation of the stem- 
cell disorder. Several subsequent studies do not support 
this view. First, it is established that fibroblasts within 
the marrow do not arise from the hematopoietic stem 
cells, and second, studies with G6PD isoenzymes clearly 
indicate that the marrow fibroblasts in myelofibrosis do 
not belong to the neoplastic hematopoietic clone.” 
Thus, fibrosis of the bone marrow appears to be a 
reactive phenomenon. However, no cause for marrow 
destruction or scarring can be demonstrated, a feature 
that distinguishes myeloid metaplasia with myelofibrosis 
from myelophthisic anemia (p. 640). It has been sug- 
gested that the proliferation of marrow fibroblasts is 
triggered by the release of a platelet-derived growth 
factor (PDGF), which is a normal component of platelet 
alpha granules.” PDGF is known to be mitogenic for 
fibroblasts and a variety of other mesenchymal cells, 
but it is not clear why or how it is released in the 
marrow of patients with myelofibrosis. In one study, 
circulating immune complexes were detected in most 
patients, and it was suggested that interaction of the 
IgG in the complexes with the Fc IgG receptors on the 
platelets may lead to the release of PDGF." It is also 
conceivable that the inappropriate release of PDGF is 
due to an intrinsic defect of the platelets, which are a 
part of the abnormal clone of myeloid cells. Attractive 
as these theories may be, they are entirely hypothetical. 


MORPHOLOGY. The principal anatomic change is strik- 
ing extramedullary hematopoiesis. The principal site of this 
is the spleen, which is usually moderately to markedly 
enlarged, sometimes up to 4000 gm (Fig. 15-33). The 
capsule is unaffected but occasionally shows underlying 
small infarcts. On section the spleen is firm, red to gray, and 
not dissimilar from that seen in CML. However, the lymphoid 
follicles are usually preserved, implying that there has been 
no neoplastic obliteration of the native architecture. Occa- 
sionally, small red masses of hematopoietic tissue can be 
discerned grossly. Histologically, the extramedullary hema- 
topoiesis seems to be largely confined to the red pulp. 
Intrasinusoidal proliferation of normoblasts and immature 
granulocytic cells is present, sometimes in small aggregates. 
Megakaryocytes are also prominent in the sinuses. These 
myeloid elements may diffuse into the splenic cords. Usually 
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Figure 15-33. Myeloid metaplasia with myelofibrosis. Spleen is markedly enlarged and dwarfs the 
15-cm rule. Irregular shading of capsule is an artifact. 


the hematopoiesis is orderly, with relatively normal propor- 
tions of maturing red cells, white cells, and platelets, but 
certain cases show a disproportional activity in any one of 
these three major lines. Most readily visualized are the nests 
of normoblasts and megakaryocytes. 

The liver is often moderately enlarged, with foci of 
extramedullary hematopoiesis. The lymph nodes are only 
rarely the site of blood formation and usually are not en- 
larged. 

The classic bone marrow finding is diffuse fibrosis with 
obliteration of the normal myeloid elements (Fig. 15-34). On 
occasion, however, marrow biopsy discloses hypercellularity 
with proliferation of all the myeloid elements and sometimes 
prominent abnormal-looking megakaryocytes. Even in the 
early cellular phase, a tell-tale finding of the more extensive 
fibrosis to come is a delicate deposition of reticulin, only 
evident on special stains. Moreover, sequential studies have 
shown that the fibrosis appears first in centrally located 
bones, whereas the large bones of the extremities contain 
hyperplastic marrow. 


CLINICAL CourRSE. Myeloid metaplasia is uncom- 
mon in individuals under 50 years of age. Except when 
preceded by polycythemia vera or CML, it usually 
comes to clinical attention because of either progressive 
anemia or marked splenic enlargement, producing a 
dragging sensation in the left upper quadrant. Some 
patients are asymptomatic. Most striking are the labo- 
ratory findings. There is usually a moderate-to-severe 
normochromic normocytic anemia. Red cells show all 
manner of variation in size and shape, but particu- 
larly characteristic are teardrop-shaped erythrocytes 
(poikilocytes). In addition, numerous normoblasts and 
basophilic stippled red cells appear in the peripheral 
blood. The white cell count may be normal, leukopenic, 
or markedly elevated (80,000 to 100,000/mm*), with a 
shift to the left. Typically, myeloblasts, myelocytes, and 
metamyelocytes constitute a small fraction of the white 
cell population on peripheral smear. The platelet count 


is usually elevated at the time of diagnosis, but throm- 
bocytopenia supervenes as the disease progresses. Mor- 
phologic abnormalities of the platelets (giant forms) are 
frequent, and sometimes fragments of megakaryocytes 
may be detected in the peripheral blood. Biopsy of the 
marrow to detect the early deposition of reticulin or the 
more advanced fibrosis is essential for diagnosis. The 
differential diagnosis of CML frequently arises in these 
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Figure 15-34. Myelofibrosis. Marrow cavity is virtually replaced by 
fibrous tissue, totally obliterating normal hematopoietic elements. 
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patients. In myeloid metaplasia, leukocyte alkaline 
phosphatase levels are often elevated, or at least normal, 
whereas in CML these levels are low or absent. More- 
over, most patients with CML disclose the Ph! chro- 
mosome, which is absent in agnogenic myeloid meta- 
plasia. An equally difficult differential diagnosis is 
myelophthisic anemia secondary to an identifiable cause 
of marrow injury. In such cases the diagnosis of agno- 
genic myeloid metaplasia can be established only by 
careful history-taking to elicit the cause of marrow 
injury, or by morphologic detection of the underlying 
cause (e.g., cancer) in the marrow biopsy. 

The course of this disease is difficult to predict. 
Despite weight loss attributed to the increased metab- 
olism of the hyperproliferating cells, most patients can 
survive for years with transfusions. Sometimes the 
course is punctuated by episodes of acute left upper 
quadrant pain arising from splenic infarctions. Secon- 
dary gout may appear as a manifestation of the rapid 
turnover of blood cells. Threats to life are intercurrent 
infections, thrombotic or hemorrhagic crises related to 
the thrombocytosis, and in some cases (10%) conversion 
to acute leukemia. 


PLASMA CELL DYSCRASIAS AND RELATED 
DISORDERS 


This rather vague title refers to a diverse group of 
conditions having in common: (1) uncontrolled prolif- 
eration of plasma cells or closely related cell types, and 
(2) abnormally high levels in the blood andlor urine of 
a monoclonal homogeneous immunoglobulin or one of 
its constituent polypeptide chains. In essence these 
conditions are neoplasms of B cells. They differ, how- 
ever, from the B-cell lymphomas discussed earlier by 
virtue of the fact that in plasma cell dyscrasias the 
neoplastic B cells are differentiated enough to secrete 
immunoglobulins or their components. In the individual 
patient the immunoglobulin belongs to a single class, 
subclass, and type and is indistinguishable in structure 
from a normal immunoglobulin. Thus, there are IgG, 
IgM, IgA, IgD, and rarely IgE dyscrasias. It would 
appear, then, that the plasma cell proliferation in the 
individual patient is monoclonal in origin. The immu- 
noglobulin as identified in the blood is referred to as a 
complete M component in reference to Myeloma. Since 
complete M components have molecular weights of 
160,000 or higher, they are largely restricted to circu- 
lating plasma and extracellular fluid. However, they 
may appear in the urine when there is some form of 
glomerular damage with heavy proteinuria. In some of 
these dyscrasias, excess light (L) or heavy (H) chains are 
also synthesized along with complete immunoglobulins, 
but the polypeptide chains are always identical to those 
found in the complete immunoglobulin, and thus the L 
chains are either kappa oy lambda (never both) or the 
H chains of a single class (e.g., either alpha, gamma, or 
mu, etc.), depending on the particular class of Ig. 
Occasionally only L chains or H chains are produced 
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but no complete Ig. The free L chains, known as Bence 
Jones proteins, are sufficiently small in size to be rapidly 
excreted in the urine, and so may be totally cleared 
from the blood or persist only at very low levels. 
However, with renal failure or massive synthesis, they 
may appear in the blood in significant concentrations. 
Thus, the common thread throughout this diverse group 
of entities is the appearance of excessive levels of com- 
plete or incomplete immunoglobulins in the plasma 
and/or urine. Hence, a variety of alternative designa- 
tions have been applied to these dyscrasias, such as 
gammopathies, monoclonal gammopathies, dysprotein- 
emias, and paraproteinemias. It is of interest that, of 
the innumerable M components studied to date, no two 
have been structurally identical. 

A variety of clinicoanatomic patterns, listed below, 
can be differentiated among these gammopathies. 

1. Multiple myeloma (plasma cell myeloma) is the 
most important and most common syndrome. It is 
characterized by multiple neoplastic tumorous masses 
of more or less mature plasma cells, haphazardly scat- 
tered throughout the skeletal system and sometimes in 
soft tissues (Fig. 15-35). Solitary myeloma or solitary 
plusmacytoma is an infrequent variant consisting of a 
solitary neoplastic mass of plasma cells found in bone or 
some soft tissue site. Some, but not all, patients with 
solitary lesions eventually develop multiple mveloma, 
suggesting that the solitary lesions represent an early 
stage of the disseminated disease. 

2. Waldenstrém’s macroglobulinemia has been 
separated from the other gammopathies by virtue of the 
fact that it is characterized by the synthesis, usually of 
IgM and rarely IgG or IgA, and a diffuse infiltrate 
throughout the bone marrow, as well as extramedullary 
lymphoid tissues of plasma cells, plasmacytoid lympho- 
cytes, and lymphocytes. The lytic bone lesions typical 
of myeloma are not present in this condition. 

3. Heavy-chain disease is a rare gammopathy dis- 
tinguished by neoplastic medullary and extramedullary 
infiltrates of plasma cells, and precursors that synthesize 
only heavy chains. 

4. Primary or immunocyte-associated amyloidosis 
is also an expression of plasma cell dyscrasia. It may be 
recalled that this form of amyloidosis results from a 
monoclonal proliferation of plasma cells, with excessive 
production of free light chains that are deposited as 
amyloid (p. 197). 

5. Lymphoproliferative disease with dysproteine- 
mia refers to those uncommon cases of CLL and NHL 
in which the neoplastic B cells are differentiated enough 
to produce monoclonal immunoglobulins. 

6. Monoclonal gammopathy of undetermined sig- 
nificance (MGUS) refers to instances in which M com- 
ponents are identified in the blood in patients having 
no symptoms or signs of any of the better characterized 
monoclonal gammopathies. At one time this condition 
was termed benign monoclonal gammopathy, but this 
designation is misleading because some of these patients 
develop symptomatic multiple myeloma or other plasma 
cell dyscrasias after a variable interval.” 
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Figure 15-35. Radiograph of skull extensively 
plasma cell myeloma. 


Against this background we can turn to some of the 
specific clinicoanatomic entities not discussed elsewhere 
in this text. 


Multiple Myeloma (Plasma Cell Myeloma) 


Multiple myeloma is basically a multifocal plasma 
cell cancer of the osseous system that in the course of 
its dissemination may involve many extraosseous sites. 
As pointed out, the neoplastic plasma cells synthesize 
complete and/or incomplete immunoglobulins. It is the 
most common of the gammopathies and represents 
approximately 60%. Most patients are symptomatic 
when diagnosed. Clinical manifestations stem from the 
effects of (1) infiltration of organs, particularly the bones, 
by tumorous masses of plasma cells; and (2) the abnormal 
immunoglobulins secreted by the tumor cells. 

In 99% of patients with multiple myeloma, electro- 
phoretic analysis will disclose increased levels of one of 
the immunoglobulin classes in the blood and/or light 
chains in the urine (Bence Jones protein). In approxi- 
mately 60% of patients, the M component is IgG, in 15 
to 20% IgA, and rarely IgM, IgD, or IgE. In the 
remaining 15 to 20% of cases, Bence Jones proteinuria 
alone without serum M components is present. How- 
ever, Bence Jones proteins are present in the urine 
along with plasma M components in 60 to 80% of all 
myeloma patients. Identification of these proteins in 
the blood and urine constitutes one of the most impor- 


involved by focal, sharply punched-out lesions of 


tant diagnostic features of this disease. Electrophoresis 
of the serum or urine (paper, agar, cellulose, acetate) is 
the most readily available and reliable procedure. When 
the serum electrophoretic pattern is analyzed, the ho- 
mogeneous M component yields a high spike, referred 
to as an M protein or M-component “spike.” Immuno- 
electrophoresis, using appropriate monospecific antisera 
directed against the various heavy and light chains, is 
essential to establish the monoclonal nature of the M 
component. Bence Jones proteins in the urine are 
similarly detected by immunoelectrophoretic tech- 
niques. 

PATHOGENESIS. Some workers believe that long- 
persisting antigenic stimulation of B cells may in time 
provide the opportunity for spontaneous mutation or 
the activation of a latent oncogenic virus, leading even- 
tually to neoplastic transformation.” © This proposition 
is supported by the increased frequency of plasma cell 
neoplasms in patients with long-standing chronic infec- 
tions such as osteomyelitis, tuberculosis, cholecystitis, 
and pneumonitis. Experimentally, plasma cell tumors 
have been induced in mice by the intraperitoneal injec- 
tion of a variety of irritant substances, including 
Freund's adjuvant, mineral oil, and plastic. In recent 
years, these tumors have been widely utilized to pro- 
duce monoclonal antibodies by the hybridoma technol- 
ogy (p. 159). Despite the association between persistent 
antigenic stimulation of B cells and plasma cell neo- 
plasms, the cause-and-effect relationship is still uncer- 
tain. 
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MORPHOLOGY. Despite the abundance of abnormal 
biochemical findings, the ultimate diagnosis of plasma cell 
dyscrasias rests on the morphologic identification of the 
abnormal aggregates of plasma cells (Fig. 15-36). In most 
cases these cells make up more than 15%, and sometimes 
up to 90%, of all marrow cells. In many instances the 
neoplastic cells appear as mature plasma cells, but all 
ranges of immaturity may be encountered, including undif- 
ferentiated cells resembling lymphoid precursors as well as 
lymphocyte—plasma cell intermediates. It may be difficult to 
identify the neoplastic nature of the well-differentiated 
plasma cell lesions from the cytology of the individual cells; 
more important is their abnormal aggregation or evidence of 
their destructive potential in the form of infiltration, invasion, 
and erosion. Sometimes bi- or even trinucleate cells are 
seen in these lesions, essentially reproducing cancerous 
giant cells (Fig. 15-37). Electron microscopy has disclosed, 
in the myeloma cell, a highly developed endoplasmic retic- 
ulum, often stuffed with amorphous material compatible with 
immunoglobulin aggregates.®” Under the light microscope, 
the protein aggregates may appear as acidophilic inclusions 
known as Russell bodies. These, however, are not path- 
ognomonic of myeloma, since they can also be seen in 
reactive plasma cells that are actively synthesizing immu- 
noglobulins. 

Multiple myeloma presents as multifocal destructive 
bone lesions throughout the skeletal system. The bone 
resorption results from the activation of osteoclasts by an 
osteoclast-activating factor secreted by the myeloma cells. 
Although any bone may be affected, the following distribution 
obtains in large series of cases—vertebral column, 66%; 
ribs, 44%; skull, 41%; pelvis, 28%; femur, 24%; clavicle, 
10%; and scapula, 10%. These focal lesions generally begin 
in the medullary cavity, erode the cancellous bone, and 
progressively destroy the cortical bone. On section, the bony 


Figure 15-36. Multiple myeloma. High-power detail of tumor com- 
posed of mature characteristic plasma cells. 
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Figure 15-37. Multiple myeloma to show masses of plasma cells, 
mostly mature, but some with anaplasia and forming tumor giant 
cells. 


defects are filled with red, soft, gelatinous tissue. Radio- 
graphically, the lesions appear as punched-out defects, 
usually ranging between 1 and 4 cm in diameter. In the late 
stages of multiple myeloma, plasma cell infiltrations of soft 
tissues may be encountered in spleen, liver, kidneys, lungs, 
and lymph nodes or more widely. 

Renal involvement, generally called myeloma nephro- 
sis, appears in 60 to 80% of cases. Grossly, the kidneys 
may be normal in size and color, slightly enlarged and pale, 
or shrunken and pale because of interstitial scarring. The 
most distinctive features are microscopic.® Interstitial infil- 
trates of abnormal plasma cells or chronic inflammatory cell 
infiltrates may be encountered. However, the most prominent 
lesions are found in the distal convoluted and collecting 
tubules, which contain protein casts (Fig. 15-38). The casts 
are homogeneous and eosinophilic or polychromatic. Some- 
times they are lamellar or granular. On immunofluorescent 
microscopy the casts reveal albumin, all classes of immu- 
noglobulins, kappa and lambda light chains, as well as 
Tamm-Horsfall protein.®° In some cases the casts have the 
tinctorial and birefringent characteristics of amyloid (p. 201). 
The fact that amyloid fibrils can be produced in vitro by the 
proteolytic digestion of human Bence Jones protein makes 
this morphologic finding not so surprising.”° The casts are 
usually surrounded by multinucleated giant cells, which were 
previously thought to be formed by the fusion of tubular 
epithelial cells. More recent studies suggest that the giant 
cells are derived from macrophages that migrate into the 
area through discontinuities in the tubular basement mem- 
brane. The tubular atrophy associated with these lesions is 
accompanied by an increase of interstitial fibrous tissue. A 
number of other intercurrent changes may be present, in- 


cluding metastatic calcifications as a reflection of bone 
destruction and secondary hypercalcemia, pyelonephritis 
incident to the predisposition to infection in these patients, 
and systemic amyloidosis. All of these contribute to renal 
insufficiency. 

A myeloma neuropathy may develop owing to tumorous 
infiltrations of nerve trunk roots. Vertebra fractures and 
compression of roots may add to these neurologic compli- 
cations. Occasionally, a form of neuropathy occurs in the 
absence of obvious causes and may represent the nonspe- 
cific carcinomatous polyneuropathy discussed on page 1432. 
Pathologic fractures are sometimes produced by the plasma 
cell lesions; they are most common in the vertebral column 
but may affect any of the numerous bones suffering erosion 
and destruction of their cortical substance. 

Systemic amyloidosis occurs in about 10% of patients. 
When this complication supervenes, it may introduce all the 
morphologic changes associated with the widespread de- 
posits of amyloid described in an earlier chapter (p. 195). 

In most cases, infiltrates of neoplastic plasma cells may 
be found in the spleen, liver, lymph nodes, and other 
locations. 


CLINICAL Course. The peak age incidence of mul- 
tiple myeloma is between 50 and 60 years. Both sexes 
are affected equally. As previously stated, the clinical 
features of myeloma stem from the effects of (1) infiltra- 
tion of organs, particularly bones, by the neoplastic 
plasma cells; and (2) the production of excessive immu- 
noglobulins, which lack antibody activity and often have 
abnormal physicochemical properties. Infiltration of 
bones is manifested by pain and pathologic fractures. 
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Figure 15-38. Proteinaceous casts surrounded by multinucleate 
giant cells in collecting tubules of kidney in myeloma nephrosis. 
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Hypercalcemia resulting from bone resorption may give 
rise to neurologic manifestations such as confusion, 
weakness, lethargy, constipation, and polyuria. It also 
contributes to renal disease. Recurrent infections with 
encapsulated bacteria (e.g., pneumococci) resulting from 
severe suppression of normal immunoglobulins pose a 
major clinical problem. Cellular immunity is relatively 
unaffected. To explain the loss of normal immunoglob- 
ulins it is postulated that the myeloma cells secrete a 
factor capable of activating suppressor macrophages, 
which in turn inhibit normal B cells.’’ Excessive pro- 
duction and aggregation of myeloma proteins may lead 
to the hyperviscosity syndrome in approximately 7% of 
patients. Those with the IgA myeloma are particularly 
prone to this complication because of the tendency of 
IgA molecules to form polymers. Manifestations of the 
hyperviscosity syndrome including retinal hemorrhages, 
prolonged bleeding, and neurologic changes are much 
more common with Waldenstrém’s macroglobulinemia 
and are therefore discussed later (p. 693). Amyloidosis 
of the AL type results from excessive imbalanced pro- 
duction of immunoglobulin light chains (p. 197). Of 
great significance is renal insufficiency, which is second 
only to infections as a cause of death. Renal failure 
develops in two different settings. In the more common 
form it develops insidiously and usually progresses 
slowly over a period of months or years. Another form 
occurs suddenly in the absence of obvious previous 
renal impairment and is manifested by acute renal 
failure. The pathogenesis of renal failure, which may 
occur in up to 50% of patients, is multifactorial and is 
discussed in Chapter 21 (p. 1040). The most important 
factor appears to be Bence Jones proteinuria, since the 
excreted light chains are believed to be directly toxic to 
the tubular epithelial cells.” In addition to these specific 
symptoms, some patients may present with unexplained 
anemia or weakness. 

The clinical diagnosis of multiple myeloma rests on 
radiographic and laboratory findings and ultimately on 
biopsy of a lesion to reveal the tumorous aggregates of 
plasma cells. The radiographic changes are so distinctive 
that a reasonably certain diagnosis can usually be made. 
Classically, the individual lesions appear as sharply 
punched-out defects, having a rounded soap-bubble 
appearance on x-ray film, but generalized osteoporosis 
may also be seen. Almost all patients have a normo- 
chromic normocytic anemia, sometimes accompanied by 
moderate leukopenia and thrombocytopenia due to mar- 
row failure. Rarely, neoplastic plasma cells flood the 
peripheral blood, giving rise to plasma cell leukemia. 
The hyperglobulinemia leads to rouleaux formation on 
blood smear and an increased erythrocyte sedimentation 
rate. Hypercalcemia is frequently present. Most confir- 
matory of the diagnosis are M-protein spikes on blood 
or urine analysis. Quantitative analyses usually disclose 
more than 3 gm of Ig per 100 ml of serum and more 
than 6 mg of Bence Jones proteins per 100 ml of urine. 
The presence of the latter generally implies a graver 
prognosis.” As the disease progresses and the total mass 
of plasma cells expands, the level of M proteins in- 
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creases. It should be remembered, however, that rarely 
elevated serum immunoglobulins are absent in this 
disease (nonsecretory myeloma). Perhaps one-third of 
the patients lack Bence Jones light chains. On the other 
hand, sometimes only Bence Jones proteins are present 
without increased serum gamma globulins (in so-called 
“light-chain disease’). 

The prognosis for this condition depends on the 
stage of advancement at the time of diagnosis. Patients 
with multiple bony lesions, if untreated, rarely survive 
for more than six to 12 months. Chemotherapy in the 
form of alkylating agents induces remission in 50 to 70% 
of patients, but the median survival is still a dismal two 
to three years. For reasons not entirely clear, these 
patients have an increased incidence of nonplasmacytic 
cancers, particularly acute myelogenous leukemias. It is 
unknown whether these are induced by alkylating agents 
used in therapy, or whether disordered immune sur- 
veillance underlies this predisposition to superimposed 
malignant neoplasia. 


SOLITARY MYELOMA (PLASMACYTOMA) 


About 3 to 5% of monoclonal gammopathies consist 
of a solitary plasmacytic lesion, in either bone or soft 
tissue. The bony lesions tend to occur in the same 
location as in multiple myeloma. Extraosseous lesions 
are often located in the lungs, oronasopharynx, or nasal 
sinuses. Wherever they arise, they have the fleshy, red- 
brown appearance characteristic of the lesions in mul- 
tiple myeloma. The cytologic detail is also similar. 
Elevated levels of M proteins in the blood or urine are 
found in approximately 25% of cases, but when present 
they are not as extreme as with multiple myeloma.” 
When patients with such localized disease are followed, 
progression to classic multiple myeloma becomes mani- 
fest in most patients with osseous plasmacytoma, 
whereas extraosseous primaries rarely disseminate. It 
appears that the solitary plasmacytoma involving the 
bones is an early stage of multiple myeloma, but in 
some individuals it may be present for many years 
without progression.” Extraosseous plasmacytomas, 
particularly those involving upper respiratory tracts, 
represent limited disease that can usually be cured by 
local resection. 


Waldenstrom’s Macroglobulinemia 


This dyscrasia, constituting about 5% of monoclonal 
gammopathies, is marked by a diffuse, leukemia-like 
infiltrate of the bone marrow by lymphocytes, plasma 
cells, and hybrid forms that synthesize a structurally 
and antigenically homogeneous IgM immunoglobulin, 
leading to macroglobulinemia. When first described, it 
was thought that the immunoglobulin was always of the 
IgM class, but it is now known that in some patients it 
may be IgG or IgA.” Approximately half the patients 
have lymphadenopathy, hepatomegaly, or splenomeg- 
aly, alone or in combination. This disease may best be 
viewed as a cross between multiple myeloma and well- 
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differentiated lymphocytic lymphoma. As in myeloma, 
the neoplastic B cells secrete a monoclonal immuno- 
globulin. However, unlike myeloma but resembling 
lymphoma, the tumor cells diffusely infiltrate the 
lymphoid tissues including bone marrow, spleen, and 
lymph nodes. 


MORPHOLOGY. Typically there is a diffuse, sparse-to- 
heavy infiltrate of the bone marrow by lymphocytes, plasma 
cells, lymphocytoid plasma cells, and other variants on this 
theme (Fig. 15-39). The infiltrate is rarely as heavy as that 
encountered in leukemia and does not occur in tumorous 
masses that are characteristic of plasma cell myeloma. Thus, 
there is no bone erosion or characteristic radiographic find- 
ing. Abnormal plasma cells are sometimes found. For ex- 
ample, “flame” cells have diffuse, intensely eosinophilic- 
staining cytoplasm. Thesaurocytes (storage cells) contain 
both cytoplasmic and intranuclear inclusions, which stain 
intensely with PAS (Fig. 15-40). The inclusions represent 
IgM or IgA, having the highest content of carbohydrate 
among the immunoglobulins. These cells are not diagnostic 
of Waldenstrém’s macroglobulinemia and are sometimes 
encountered in other gammopathies, such as IgA myeloma. 
An increased number of mast cells may also be present. 

A similar infiltrate may be present in the lymph nodes, 
spleen, or liver in patients having disseminated disease. 
Infiltration of the nerve roots, meninges, and cerebral sub- 
stance by proliferating cells has also been reported.” 


CLINICAL CouRSE. Waldenstrém’s macroglobuli- 
nemia is a disease of old age, rarely presenting before 


Figure 15—39. Waldenstr6ém’s macroglobulinemia. Detail of marrow 
with pleomorphic cellularity containing recognizable lymphocytes, 
and plasma cells admixed with many hybrid forms. (From Cabot 
Case Record 26-1964. N Engl. J. Med. 270:1190, 1964. Reprinted 
by permission from The New England Journal of Medicine.) 


era 


Figure 15—40. Waldenstrém’s macroglobulinemia. High-power detail 
of infiltrate disclosing an intracellular inclusion (arrow) made up of 
macroglobulins. (H and E stain.) (Courtesy of Dr. Jose Hernandez, 
Department of Pathology, Southwestern Medical School, Dallas, 
Texas.) 


the seventh decade. The dominant presenting com- 
plaints are weakness, fatigability, and weight loss—all 
nonspecific symptoms.” As pointed out, lymphadenop- 
athy, hepatomegaly, and splenomegaly may be present. 
The specific complaints stem largely from the abnormal 
physicochemical properties of the macroglobulins. Be- 
cause of their large size and increased concentration in 
blood, these paraproteins tend to form large aggregates 
that greatly increase the viscosity of blood. The resulting 
hyperviscosity syndrome is characterized by visual im- 
pairment, neurologic signs, and excessive oozing from 
wounds. The visual disturbances are related to the 
striking tortuosity and distention of retinal veins, with 
narrowing at arteriovenous crossings, producing what 
has been likened to a “sausage-link” pattern. Some- 
times, retinal hemorrhages and exudates result from 
venous distention. The neurologic symptoms stemming 
from sluggish blood flow and sludging are protean; they 
include headache, dizziness, deafness, and even stupor 
in some cases. Excessive bleeding is related not only to 
hyperviscosity but also to interference in platelet func- 
tion, as well as inhibition of clotting factors by macro- 
globulins. In some cases the abnormal globulins precip- 
itate at low temperatures, giving rise to symptoms of 
cryoglobulinemia such as Raynaud's phenomenon and 
cold urticaria. 

Despite the numerous clinical findings, diagnosis 
rests heavily on laboratory data. Unlike myeloma, there 
are no distinctive radiologic findings. Classically, the 
electrophoretic analysis of the serum discloses an M- 
protein spike, which is identified as IgM by immuno- 
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electrophoresis. Associated Bence Jones proteinuria oc- 
curs in 20 to 30% of cases; for unknown reasons, 
however, renal damage is much less common than in 
multiple myeloma. A variety of other laboratory findings 
are present but are of less value diagnostically. These 
include anemia, an increased sedimentation rate, rou- 
leaux formation, hyperviscosity, and cryoglobulinemia. 
Ultimately, diagnosis rests on the typical bone marrow 
findings along with an M-protein spike, usually due to 
IgM, in the serum. Differentiation of Waldenstrém’s 
macroglobulinemia from malignant lymphoma is some- 
times difficult. Since most lymphomas also have a B- 
cell origin, clinical forms intermediate between them 
and Waldenstrém’s are not entirely unexpected. Differ- 
entiation, then, becomes largely a matter of semantics 
and is usually based on the predominant clinical symp- 
toms. 

The average survival in this disease is two to five 
years with appropriate chemotherapy. 


Heavy-chain Disease 


These extremely rare monoclonal gammopathies 
will be discussed only briefly. Three variants have been 
described, each characterized by elevated levels in the 
blood or urine of a specific heavy chain of immunoglob- 
ulins.”? Gamma-chain disease, encountered most often 
in the elderly, resembles a malignant lymphoma more 
than a multiple myeloma. The manifestations consist of 
lymphadenopathy, anemia, and fever often accompanied 
by malaise, weakness, and hepatomegaly or splenomeg- 
aly. Immunoelectrophoresis with monospecific antisera 
discloses gamma chains in the serum or urine. Histologic 
study reveals an infiltrate of plasma cells and lympho- 
cytes admixed with eosinophils and histiocytes. Lytic 
bone lesions are not present. Because levels of normal 
immunoglobulins are low, patients with this condition 
are susceptible to infection. In some instances the 
disease appears in association with tuberculosis, rheu- 
matoid arthritis, and various autoimmune diseases, but 
no causal relationship has been established. The course 
can be rapidly downhill to death within a few months, 
or may be protracted for years. 

Alpha-chain disease, the most common in this 
group, may be viewed as a disorder of IgA-producing 
cells involving mainly the sites of normal IgA synthesis. 
It occurs mainly in young adults in two clinical patterns. 
One, seen most commonly in the Mediterranean area, 
is characterized by massive infiltration of the lamina 
propria of the intestine and abdominal lymph nodes by 
lymphocytes, plasma cells, and histiocytes. Villous atro- 
phy and severe malabsorption with diarrhea, steator- 
rhea, and hypocalcemia are consequences of the infil- 
trate. With progression, the infiltrate may be replaced 
by large neoplastic cells and transform into an immu- 
noblastic sarcoma of B cells (p. 664). This abdominal 
form of alpha-chain disease is now designated “immu- 
noproliferative small intestinal disease.”°”* The other 
clinical variant marked by a similar infiltrate limited to 
the respiratory tract is much less common.* Required 
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for the diagnosis of both conditions is the demonstration 
of alpha-chain protein in the serum. Occasionally, small 
amounts of alpha-chains appear in the urine. 

Mu-chain disease is the rarest of these entities, 
most often encountered in patients having chronic lym- 
phocytic leukemia.*! Characteristic are vacuolated 
plasma cells in the marrow. Immunoelectrophoresis 
reveals an excess of mu chains in the blood, and 
sometimes also kappa-type light chains in the urine. 
Hepatomegaly and splenomegaly are usually present, 
but in contrast to the usual case with CLL, peripheral 
lymphadenopathy is inconspicuous. 


Monoclonal Gammopathy of Undetermined 
Significance 


When large numbers of individuals above the age 
of 50 are screened by electrophoresis for M-protein 
serum spikes, about 1 to 3% are found to have elevated 
levels of IgG, IgA, or IgM, despite the fact that they 
are completely asymptomatic and clinical investigation 
does not disclose any of the well-defined immunoglob- 
ulin-producing diseases. To this dysproteinemia without 
associated disease, the term “monoclonal gammopathy 
of undetermined significance’ (MGUS) is applied. 
MGUS is much more common than previously appre- 
ciated; in one large study, over two-thirds of the cases 
with a monoclonal serum protein belonged to this 
category.” Contrary to previous beliefs, the course of 
MGUS is not entirely benign. In a ten-year follow-up 
of 241 patients with MGUS, 18% developed a well- 
defined plasma cell dyscrasia (myeloma, macroglobuli- 
nemia, amyloidosis, or lymphoma). In another 9%, no 
overt disease appeared but a significant increase in the 
serum monoclonal protein suggested expansion of the 
abnormal plasma cell mass. In general, patients with 
MGUS have less than 2.0 gin per dl of monoclonal 
protein, no Bence Jones proteinuria, and fewer than 5% 
plasma cells in the bone marrow. However, none of 
these criteria is absolutely reliable, and therefore the 
diagnosis of MGUS requires careful exclusion of all the 
other specific forms of monoclonal gammopathies. 
Whether a given patient with MGUS will follow a 
benign course, as most do, or develop a well-defined 
plasma cel] neoplasm cannot be predicted, and hence 
periodic assessment of serum M component levels and 
Bence Jones proteinuria is warranted. 


HISTIOCYTOSES 


Several classifications of these disorders have been 
proposed. Some are based on segregation into reactive 
and neoplastic categories, others on the level of matu- 
ration of the histiocyte-macrophages involved. Still oth- 
ers include the histiocytic proliferations encountered in 
storage diseases such as Gaucher's and Niemann-Pick 
disease. Regardless of the nosologic scheme employed, 
it is relatively easy to segregate the clearly neoplastic 
proliferations such as the monocytic leukemias, the rare 
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histiocytic lymphomas (p. 665), and histiocytic medul- 
lary reticuloses from the clearly reactive proliferations 
exemplified by tuberculosis and other infectious granu- 
lomas. Problems occur in trying to find a niche for 
certain rare proliferative disorders often described as 
histiocytosis X. This term includes generalized histio- 
cytosis (Letterer-Siwe syndrome), multifocal eosino- 
philic granuloma (Hand-Schiiller-Christian disease), 
and unifocal or solitary eosinophilic granuloma. These 
three conditions are believed to represent different 
clinicoanatomic patterns of the same basic disorder. 
Generalized histiocytosis, which behaves like a dissem- 
inated malignant tumor, lies at one end of the spectrum, 
whereas unifocal eosinophilic granuloma with its benign 
course represents the other end. In between lies mul- 
tifocal eosinophilic granuloma, with intermediate prog- 
nosis. Although these disorders differ from each other 
with respect to the extent of organ involvement and the 
prognosis, they are unified by the presence in the lesions 
of large, histiocyte-like cells that bear several similarities 
to Langerhans’ cells. These cells, you may recall (p. 
160), are normally present within the epidermis and are 
believed to be related to the mononuclear phagocyte 
system. They have Fc receptors, bear HLA-D/DR an- 
tigens, and react with anti-OKT6 antibody, which also 
binds to thymocytes but not to peripheral T cells. These 
immunologic markers are also present on the so-called 
histiocytosis X. cells (HXC) that infiltrate the organs 
involved by these disorders.*? The similarity between 
Langerhans cells and HXC extends also to the ultra- 
structural level. The cytoplasm of HXC contains char- 
acteristic inclusions called histiocytosis X (HX) bodies, 
which resemble Birbeck granules found in Langerhans’ 
cells (Fig. 15-41).*° The HX body is seen as a pentalam- 
inar, rodlike tubular structure with characteristic pe- 
riodicity and sometimes a diluted terminal end (tennis- 
racquet appearance). Thus, histiocytosis X is viewed 
currently as a proliferative disorder of Langerhans’ cells 
or their marrow precursors, and hence the term “Lan- 
gerhans cell granulomatosis” has also been applied to 
them.™ Although the cell of origin seems to be reason- 
ably well established, the pathogenesis of histiocytosis 
X is still mysterious. Diffuse histiocytosis behaves like 
a malignant tumor, whereas eosinophilic granulomas, 
whether solitary or multifocal, appear to be non-neo- 
plastic, rarely causing death. It is conceivable that they 
are all reactive disorders of variable severity, responding 
to unknown inciting agents. 


Generalized Histiocytosis (Letterer-Siwe 
Syndrome) 


This condition constitutes essentially an acute or 
subacute progressive systemic proliferation of mature 
and immature histiocytes. Classically, infants and young 
children under 3 years of age are affected. Sometimes 
the disease is present from birth. Occasional reports 
suggest that a closely similar disorder may also occur in 
adults.” In the very young the onset is marked by fever, 
sometimes related to a localized infection such as otitis 


Figure 15—41. Histiocytosis X. Infiltrate is composed of large, 
rounded cells containing reniform and infolded nuclei (A). At higher 
power (B), characteristic Birbeck granules (arrows) and membrane 
reactivity for thymocyte differentiation antigen T6 (dense deposits 
along cell membrane) are observed. These features are also present 
in normal Langerhans’ cells. (Courtesy of Dr. George Murphy, 
Harvard Medical School, Boston, MA.) 


media or mastoiditis, followed soon by a diffuse macu- 
lopapular eczematous or purpuric skin rash and subse- 
quent enlargement of the spleen, liver, and lymph nodes 
throughout the body. Cystic, rarefied lesions may be- 
come apparent radiographically in the skull, pelvis, and 
long bones. Anemia, thrombocytopenia, and leukopenia 
are frequently present as manifestations of flooding of 
the bone marrow by proliferating histiocytes. The clin- 
ical picture of diffuse histiocytosis shows several simi- 
larities to acute leukemia, histiocytic medullary reticu- 
losis, and a variety of infectious processes. These must 
be clearly excluded by morphologic and other appro- 
priate criteria before diagnosis is made. 


MORPHOLOGY. The characteristic microscopic feature 
of this disorder is an apparent neoplastic proliferation of 
histiocytes throughout virtually all the organs and tissues of 
the body. The cells have abundant, often vacuolated cyto- 
plasm, which is amphophilic-to-acidophilic, and vesicular 
oval, reniform, or indented nuclei. Nucleoli, when present, 
are small. Occasionally, multinucleated giant histiocytes are 
present, and in some cases, especially those involving 
adults, there may be some atypia and variation in histiocyte 
size and shape. With electron microscopy, occasional histio- 
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cytes can be seen to contain HX bodies (Fig. 15—41), 
described earlier. The proliferating histiocytes sometimes 
disclose evidence of phagocytic activity in the form of inclu- 
sions of nuclear debris or occasional red cells, but striking 
erythrophagocytosis, such as is seen in histiocytic medullary 
reticulosis, is not present. The histiocytic infiltrates can be 
seen in the skin lesions, lymph nodes, spleen, and liver and 
particularly within the bone marrow, where they may cause 
erosive defects visible on x-ray film. In fatal cases, many 
other organs and tissues are affected, including the lungs, 
kidneys, gastrointestinal tract, and meninges. 


White Cells and Lymph Nodes 


The course of this condition is somewhat variable 
and appears to be related to age of onset. Up to the 
recent past, infants under 6 months of age generally 
pursued a rapid course to death within six months, and 
older children rarely survived more than one to two 
years. Intensive chemotherapy has remarkably im- 
proved this gloomy outlook. Lahey, in an analysis of a 
varied group of children with histiocytic disorders, cited 
“complete to good” remission in about two-thirds of 
infants under the age of 2 years with the use of several 
chemotherapy programs.*° Several immunologic abnor- 
malities, including a deficiency of T-suppressor cells, 
have been described in some patients. Administration 
of calf thymic extract has reversed some abnormal 
responses and also induced clinical remission, suggest- 
ing that deranged immunity may be an integral com- 
ponent of this disorder.*’ Thus, there is new hope in 
this previously grim situation. Death is usually related 
to intercurrent infections and progressive anemia and 


debility. 


Eosinophilic Granuloma—Unifocal and Multifocal 


The distinctive morphologic lesions of both the unifocal 
and multifocal variants consist of expanding, erosive accu- 
mulations of histiocytes usually within the medullary cavities 
of bones. Frequently, a few to many of the histiocytes are 
foamy and vacuolated. These are variably admixed with 
eosinophils, lymphocytes, plasma cells, and neutrophils (Fig. 
15-42). Occasionally, there are areas of necrosis within 
these infiltrates, rimmed by a more intense infiltration of 
neutrophils and sometimes multinucleated histiocytes, re- 
sembling foreign body—type or Langhans’ giant cells. The 
eosinophilic component ranges from scattered mature cells 
to sheetlike masses of cells. The foam cells, too, may be 
massed in some lesions, but since they merely reflect 
phagocytosis of lipid debris, they have no particular signifi- 
cance. Rod-shaped HX bodies may sometimes be present 
in the histiocytes within these lesions, similar to those 
described in the generalized histiocytoses. Although virtually 
any bone in the skeletal system may be involved, favored 
localities are the calvarium, ribs, and femurs. Thus, in a 
series of 50 cases of unifocal eosinophilic granuloma, ap- 
proximately 60% of the lesions occurred in one of these 
three skeletal sites. Similar lesions are sometimes found 
in the skin, lungs, or stomach, either as unifocal lesions or 
as components of the multifocal disease. 


Unifocal eosinophilic granuloma is a benign disor- 
der that occurs in children and young adults, especially 
males. The solitary lesions may be asymptomatic, or 
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Figure 15—42. Eosinophilic granuloma. The typical round and oval 
macrophages are most numerous below and are interspersed with 
scattered lymphocytes, plasma cells, and eosinophils. 


may cause pain and tenderness as the lesion erodes the 
bone and in some instances leads to pathologic fractures. 
There are usually no systemic manifestations, such as 
fever, nor involvement of the blood or viscera. Diagnosis 
is based on roentgenologic demonstration of a focal 
destructive bone lesion arising within the marrow cavity 
and on the characteristic morphologic findings. In some 
cases, spontaneous fibrosis and healing occur, usually in 
the span of a year or two. In other instances, curettage, 
excision, or local irradiation leads to a cure. Occasion- 
ally, individuals with an apparent unifocal lesion are 
encountered in whom, over the course of time, multiple 
lesions in bones or soft tissues develop. Whether such 
a sequence implies conversion of unifocal eosinophilic 
granuloma to the multifocal disease, or instead repre- 
sents a single overt lesion presenting first in a patient 
with disseminated disease, is unknown. In any event, 
it is clear that patients with unifocal eosinophilic gran- 
uloma must be carefully followed for years. 

Multifocal eosinophilic granuloma is a more dis- 
abling disease, with onset usually before the age of 5 
years. This syndrome was formerly called Hand- 
Schiiller-Christian disease. (p. 694). Typically, patients 
have fever; a diffuse, scaly, seborrhea-like eruption, 
particularly on the scalp and in the ear canals; and 
frequent bouts of otitis media, mastoiditis, and upper 
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respiratory infections as well as gingival inflammations. 
Mild lymphadenopathy, hepatomegaly, and splenomeg- 
aly due to infiltrates may be present. Pneumonitis with 
diffuse radiographic pulmonary opacities are sometimes 
present, perhaps related to granulomatous involvement 
of the lungs or to intercurrent microbiologic infections. 
About half the patients have granulomatous involvement 
of the posterior pituitary stalk or hypothalamus leading 
to diabetes insipidus. Orbital granulomas induce exoph- 
thalmos in about one-third of patients. The combination 
of calvarial bone defects, diabetes insipidus, and exoph- 
thalmos are referred to as the Hand-Schiiller-Christian 
triad. However, only a minority of patients with mul- 
tifocal eosinophilic granuloma have the complete triad. 
It may be evident that the presentation of multifocal 
eosinophilic granuloma with fever, skin rash, and mul- 
tiple histiocytic lesions in bones and viscera bears con- 
siderable resemblance to generalized histiocytosis, ac- 
countiiig for the belief that the two syndromes are 
variable expressions of a single disorder. However, in 
contrast to generalized histiocytosis, the prognosis in 
multifocal eosinophilic granuloma is good. In half the 
patients the lesions spontaneously resolve, and in the 
other half chemotherapy induces ultimate recovery. 


ANGIOIMMUNOBLASTIC LYMPHADENOPATHY 


This entity, sometimes also called “angioimmuno- 
blastic lymphadenopathy with dysproteinemia,” is an 
uncommon systemic disorder marked principally by 
generalized lymphadenopathy.® Seen principally in el- 
derly individuals, it is characterized by fever, weight 
loss, generalized lymphadenopathy (present in all cases), 
hepatosplenomegaly, maculopapular rash, polyclonal 
hypergammaglobulinemia, and Coombs -positive he- 
molytic anemia. A history of drug ingestion—penicillin, 
sulfonamides, aspirin, halothane, phenytoin sodium, 
griseofulvin, allopurinol, and methyldopa—is sometimes 
present and may precipitate the disease. 

In addition to the involvement of the lymph nodes, 
less characteristic anatomic changes are encountered in 
the spleen, liver, bone marrow, skin, and lung.” The 
lymph nodes are generally 2 to 3 cm in diameter, soft, 
movable, nonmatted, and sometimes tender. The his- 
topathologic diagnosis rests on the following triad: (1) 
a pleomorphic cellular infiltrate of small and large 
lymphocytes, immunoblasts, and plasma cells that infil- 
trates the capsule and effaces the nodal architecture; 
(2) an arborizing vascular proliferation accompanied by 
endothelial cell hyperplasia; and (3) interstitial deposits 
of an amorphous, eosinophilic, PAS-positive material 
thought to be cellular debris (Fig. 15-43). Immunoflu- 
orescent and immunoperoxidase techniques reveal cy- 
toplasmic inclusions of immunoglobulins in many of the 
lymphoid cells.*! Less characteristic pleomorphic infil- 
trates may be found in the other organs mentioned, 
sometimes with marked erythrophagocytosis in the 
spleen (accounting for the hemolytic anemia). 

The nature of this entity is obscure, but the clinical 


Figure 15—43. Angioimmunoblastic lymphadenopathy. Note pleo- 
morphic infiltrate consisting of small dark cells (lymphocytes), 
plasma cells, and large cells with vesicular nuclei (immunoblasts). 
The elongated nuclei (arrows) represent endothelial cells, which are 
usually quite prominent owing to vascular proliferation. (Courtesy of 
Dr. Jose Hernandez Department of Pathology, Southwestern Med- 
ical School, Dallas, Texas.) 


and anatomic findings are most consistent with chronic 
antigenic stimulation inducing non-neoplastic prolifera- 
tion of B lymphocytes. The frequent, but not invariable, 
history of drug ingestion raises the possibility that these 


NORMAL Congenital Anomalies 
PATHOLOGY Nonspecific Acute Splenitis 
Splenomegaly Reactive Hyperplasia of Spleen 


Hypersplenism 
Splenic Infarcts 


NORMAL 


The spleen is to the circulatory system as the lymph 
nodes are to the lymphatic system. Among its functions 
are filtration from the bloodstream of all “foreign” matter 
including obsolescent and damaged blood cells, and 
participation in the immune response to all blood-borne 
antigens. Designed ingeniously for these functions, the 
spleen is a major repository of mononuclear phagocytic 
cells in the red pulp and of lymphoid cells in the white 
pulp. Normally in the adult it weighs about 150 gm and 
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agents precipitate the immune response. Indeed, the 
anatomic changes in angioimmunoblastic lymphadenop- 
athy are very similar to those encountered- in lymph 
nodes in so-called “drug reactions,” except that vascu- 
litic lesions are often present in the latter. In patients 
without a history of drug ingestion, an autoimmune 
reaction is postulated, but no definite triggering agents 
have been identified. A variety of immunologic derange- 
ments including a deficiency of T-suppressor cells, cu- 
taneous anergy, or the presence of suppressor mono- 
cytes have been described in patients with this disorder. 
However, there is no characteristic or constant immu- 
nologic abnormality, which suggests that angioimmu- 
noblastic lymphadenopathy may evolve by several dis- 
tinct mechanisins. 

The course of this disorder is extremely variable. 
About one-half of the patients survive two to four years, 
some (25%) without any treatment, others (25%) with 
treatment (steroids, combination chemotherapy). In the 
remainder, the disease progresses rapidly, regardless of 
the treatment given. Most deaths are caused by severe 
infection, possibly related to immunologic incompe- 
tence, but some patients have developed immunoblastic 
sarcomas. In such cases, it is postulated that one of the 
several hyperactive B cells becomes autonomous and 
neoplastic. Thus, a monoclonal B-cell neoplasm, asso- 
ciated with a change from polyclonal to monoclonal 
hypergammaglobulinemia, may emerge (see also the 
discussion on p. 668). 

In this condition, confusion stems from two sources: 
(1) it is frequently misdiagnosed histologically as a 
lymphoma, particularly Hodgkin’s disease, because of 
the pleomorphic cellular infiltrate; and (2) the presence 
in about 40% of patients of a pruritic, generalized, 
maculopapular rash, interpreted as a dermal drug re- 
action, may direct attention away from the potentially 
serious underlying systemic disorder. 


Spleen 


Neoplasms 
Primary lesions 
Secondary lesions 
Rupture 


measures some 12 cm in length, 7 cm in width, and 3 
cm in thickness. It is enclosed within a thin, glistening 
connective tissue capsule that appears slate gray and 
through which the dusky-red, friable parenchyma of the 
splenic substance can be seen. In man, unlike some 
animals, there is little if any smooth muscle in the 
capsule and therefore virtually no contractile function. 
The cut surface of the spleen is dotted with gray specks, 
the splenic or malpighian follicles that constitute the 
white pulp. In three dimensions this white pulp forms 
periarterial sheaths of lymphoid cells around the arter- 
ies, most abundant about the larger branches and pro- 
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gressively more attenuated as the arterial supply pene- 
trates the splenic substance. A cross section of such an 
arrangement reveals a central artery surrounded ec- 
centrically by a collar of T lymphocytes, the so-called 
periarteriolar lymphatic sheath. At intervals the lym- 
phatic sheaths become expanded, usually on one side 
of the artery to form lymphoid nodules composed prin- 
cipally of B lymphocytes. Upon antigenic stimulation, 
typical germinal centers form within these B-cell areas 
(p. 656). Eventually the arterial system terminates in 
fine penicilliary arterioles, which at first are enclosed 
within a thin mantle of lymphocytes but which then 
enter the red pulp, leaving behind their “fellow-travel- 
ers. 

The red pulp of the spleen is traversed by numerous 
thin-walled vascular sinusoids, separated by the splenic 
cords or “cords of Billroth.”” The endothelial lining of 
the sinusoid is of the open or discontinuous type, 
providing passage of blood cells between the sinusoids 
and cords. The splenic cords are spongelike and consist 
of a labyrinth of macrophages loosely connected through 
long dendritic processes to create both a physical and a 
functional filter through which the blood can slowly 
seep. 
It is widely believed that the blood, as it traverses 
the red pulp, takes two routes to reach the splenic 
veins. Some of the capillary flow is into the splenic 
cords and is then gradually filtered out into the sur- 
rounding splenic sinusoids to reach the veins; this is the 
so-called “open circulation,” which is functionally the 
slow compartment. The other pathway involves direct 
passage from the capillaries to the splenic veins without 
the intervening stage of passage through the cords. 
This, the “closed circuit,” is understandably the more 
rapid compartment. According to current views, only a 
small fraction of the blood entering the spleen at any 
given time pursues the “open’ route. Nevertheless, 
during the course of a day the total volume of blood 
passes through the filtration beds of the splenic cords, 
where it is exposed to the remarkably sensitive and 
effective phagocytic macrophages, which are able to 
screen the blood. 

Most anatomic disorders of the spleen are secon- 
dary to some systemic disorder and thus are the con- 
sequence of normal splenic function. These can be 
segregated into four categories. 

1. Filtration of unwanted elements from the blood 
by phagocytosis in the splenic cords is a major function 
of the spleen. As you know, 1/120th of all red cells are 
destroyed daily by phagocytosis in the reticuloendothe- 
lial system. Engulfment by splenic macrophages ac- 
counts for approximately half this removal of obsolescent 
red cells from the circulation. The splenic phagocytes 
are also remarkably efficient in “culling” damaged red 
cells and leukocytes, red cells rendered foreign by 
antibody coating, as well as the abnormal red cells 
encountered in several of the anemias (e.g., hereditary 
spherocytosis, sickle cell anemia). As discussed earlier 
(p. 615), the red cells have to undergo extreme degrees 
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of deformation during passage from the cords into the 
sinusoids. In several hemolytic anemias, the reduced 
plasticity of the red cell membrane leads to trapping of 
the abnormal red cells within the cords and subsequent 
phagocytosis by the cordal macrophages. In addition to 
removal of the red cells, splenic macrophages are also 
involved in “pitting” of red cells by which inclusions 
such as siderotic granules, Heinz bodies, and Howell- 
Jolly bodies are neatly excised without destruction of 
the erythrocytes. The phagocytes are also active in 
removal of other particulate matter from the blood, such 
as bacteria, cell debris, or abnormal macromolecules 
produced in some of the inborn errors of metabolism 
(e.g., Gaucher’s disease, Niemann-Pick disease). 

2. A second function of the spleen relates to its 
role as a major secondary organ in the immune system. 
The reticular network in the periarterial lymphatic 
sheaths traps antigen, permitting it to come into contact 
with effector lymphocytes. Both T and B cells are 
present in the lymphoid tissue of the spleen, and thus 
it contributes to both humoral and cell-mediated im- 
mune responses. 

3. The spleen is a source of lymphoreticular cells 
and sometimes hematopoietic cells. As you recall, splenic 
hematopoiesis normally ceases before birth, but in se- 
vere anemia, extramedullary splenic hematopoiesis may 
be reactivated. Lymphocyte and macrophage production 
normally occurs in the spleen throughout life, becoming 
progressively attenuated with increasing age. 

4. Because of its rich vascularization and phagocytic 
function, the spleen also constitutes a reserve pool and 
storage site. In humans, the normal spleen harbors only 
about 30 to 40 ml of erythrocytes, but with splenomegaly 
this reservoir is greatly increased. The normal spleen 
also stores approximately 30 to 40% of the total platelet 
mass in the body. With splenomegaly this platelet 
storage may markedly increase, sometimes to up to 80 
to 90% of the total platelet mass. Similarly, the enlarged 
spleen may trap a sufficient number of white cells to 
induce leukopenia. In addition to the blood elements, 
as mentioned, the spleen is a major storage site of red 
cell iron and macromolecular products of abnormal 
metabolism. 

In view of all these functions it is no wonder that 
the spleen becomes secondarily involved in a wide 
variety of systemic disorders. 


PATHOLOGY 


As the largest unit of the reticuloendothelial sys- 
tem, the spleen is involved in all systemic inflammations 
and generalized hematopoietic disorders, and many 
metabolic disturbances. It is rarely the primary site of 
disease. When the spleen is involved in systemic dis- 
ease, splenic enlargement usually develops, and there- 
fore splenomegaly is a major manifestation of disorders 
of this organ. 


SPLENOMEGALY 


Splenic enlargement may be an important diagnos- 
tic clue to the existence of an underlying disorder, but 
the condition itself may cause problems. When sufh- 
ciently enlarged, the spleen may cause a dragging 
sensation in the left upper quadrant and, through pres- 
sure on the stomach, cause discomfort after eating. In 
addition, its storage function may lead to the sequestra- 
tion of significant numbers of blood elements, giving 
rise to a syndrome known as hypersplenism (described 
below). A listing, by no means exhaustive, of the dis- 
orders associated with splenomegaly is provided in Table 
15-8. 


HYPERSPLENISM 


Hypersplenism is encountered in only a minority 
of patients with splenic enlargement. In essence, this 
syndrome is characterized by the triad of (1) spleno- 
megaly usually caused by one of the disorders listed in 
Table 15~8 (secondary hypersplenism), but sometimes 
of unknown etiology (primary hypersplenism); (2) a 
reduction of one or more of the cellular elements of the 
blood, leading to anemia, leukopenia, thrombocyto- 
penia, or any combination of these, associated with 
hyperplasia of the marrow precursors of the deficient 
cell type; and (3) correction of the blood cytopenia(s) by 
splenectomy. The precise cause of this syndrome is still 
uncertain, but increased sequestration of the cells and 
the consequent enhanced lysis by the splenic macro- 
phages seem to be the likely explanation for the cyto- 
penias. In most cases there is a reasonable basis (un- 
derlying disease) for the splenomegaly, represented by 
the term secondary hypersplenism. In a minority of 
cases, however, the splenomegaly is of unknown origin 
and the syndrome is designated primary hypersplenism. 
In such cases, what caused the splenomegaly? More- 
over, primary hypersplenism has also been diagnosed 
in patients having no apparent splenomegaly, in which 
case it must be assumed that sequestration was not 
operative. It is apparent that there are still many gray 
areas requiring explication. For now, it seems best to 
consider the diagnosis of hypersplenism to be appropri- 
ate only when there is splenic enlargement, however 
mild, and to view primary hypersplenism as covering 
those instances in which the systemic disease causing 
the splenomegaly has remained undiscovered. 

The splenomegaly in virtually all the conditions 
previously mentioned has been discussed elsewhere. 
There remain only a few causes that require considera- 
tion. 


CONGENITAL ANOMALIES 


Complete absence of the spleen is rare and is usually 
associated with other congenital abnormalities. Hypo- 
plasia is a more common finding. 
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Table 15-8. DISORDERS ASSOCIATED WITH 
SPLENOMEGALY 


I. Infections 
Nonspecific splenitis of various blood-borne infections 
(particularly infective endocarditis) 
Infectious mononucleosis 
Tuberculosis 
Typhoid fever 
Brucellosis 
Cytomegalovirus 
Syphilis 
Malaria 
Histoplasmosis 
Toxoplasmosis 
Kala-azar 
Trypanosomiasis 
Schistosomiasis 
Leishmaniasis 
Echinococcosis 
ll. Congestive States Related to Portal Hypertension 
Cirrhosis of liver 
Portal or splenic vein thrombosis 
Cardiac failure (right-sided) 


lll. Lymphohematogenous Disorders 

Hodgkin’s disease 

Non-Hodgkin's lymphomas 

Histiocytoses 

Multiple myeloma 

Myeloproliferative syndromes (chronic myelogenous leukemia, 
polycythemia vera, agnogenic myeloid metaplasia) 

Chronic lymphocytic leukemia 

Acute leukemias (inconstant) 

Hemolytic anemias (autoimmune hemolytic anemia, hereditary 
spherocytosis, hemoglobinopathies) 

Splenic neutropenia 

Thrombocytopenic purpura 


IV. Immunologic-inflammatory Conditions 
Rheumatoid arthritis 
Felty’s syndrome 
Systemic lupus erythematosus 


V. Storage Diseases 
Gaucher's disease 
Niemann-Pick disease 
Mucopolysaccharidoses 


VI. Miscellaneous 
Infarctions 
Amyloidosis 
Primary neoplasms and cysts 
Secondary neoplasms 


Abnormal lobulations, either shallow or deep, are 
another form of anomaly. These must be distinguished 
from depressed healed infarcts. 

Accessory spleens (spleniculi) are common and have 
been encountered singly or multiply in one-fifth to one- 
third of all postmortem examinations. They are usually 
small spherical structures that are histologically and 
functionally identical with the normal spleen, reacting 
to various stimuli in the same manner. They are gen- 
erally situated in the gastrosplenic ligament or the tail 
of the pancreas, but are sometimes located in the 
omentum or mesenteries of the small or large intestine. 
Accessory spleens may have great clinical importance. 
In some hematologic disorders such as hereditary 
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spherocytosis, thrombocytopenic purpura, and hyper- 
splenism, splenectomy is a standard method of treat- 
ment. If a large accessory spleen is overlooked, the 
benefit from the removal of the definitive spleen may 
be lost. 


NONSPECIFIC ACUTE SPLENITIS 


Enlargement of the spleen, sometimes also called 
“acute splenic tumor,” occurs in any blood-borne infec- 
tion. The nonspecific splenic reaction in these infections 
may be caused not only by the microbiologic agents 
themselves but also by the products of the inflammatory 
disease. Obviously, acute splenitis is also encountered 
in many specific infections, but these histologic changes 
usually provide some clue to the nature of the infection, 
as for example the striking reticuloendothelial hyperpla- 
sia and erythrophagocytosis in typhoid fever or the 
characteristic “mononucleosis cells” in infectious mono- 
nucleosis. In nonspecific acute splenitis it is impossible 
to identify the causative agent from the splenic changes. 


Morphologically the spleen is enlarged (up to 200 to 
400 gm) and soft. The color of the cut surface varies from 
grayish-red to deep red; the white pulp is usually obscured. 
The splenic substance is often difffuent and may be suffi- 
ciently soft literally to flow out from the cut surface. Micro- 
scopically, the major change is acute congestion of the red 
pulp, which may encroach on and sometimes virtually efface 
the lymphoid follicles. Reticuloendothelial hyperplasia and 
numerous free macrophages are prominent within the sinu- 
soids, and these phagocytic cells are often filled with viable 
and disintegrating bacteria as well as amorphous debris. An 
infiltrate of neutrophils, plasma cells, and occasionally eosin- 
ophils is sometimes present throughout the white and red 
pulp. At times there is acute necrosis of the centers of the 
splenic follicles, particularly when the causative agent is a 
hemolytic streptococcus. Rarely, abscess formation occurs. 
Infarcts, either bland or septic, may be present in those 
cases associated with infective endocarditis. 


REACTIVE HYPERPLASIA OF SPLEEN 


This rather vague designation refers to the splenic 
changes encountered in chronic inflammatory states, 
systemic antigenemia, immunologic-inflammatory con- 
ditions (rheumatoid arthritis, Felty’s syndrome, bacte- 
rial endocarditis, SLE), systemic viremias (infectious 
mononucleosis, herpes simplex), and chronic graft re- 
jections. In all these situations, the spleen along with 
the lymph nodes reacts as a component of the immune 
system, and so the spleen in these settings has been 
referred to by Enriquez and Neiman as an “activated 
spleen.” 


The spleen is enlarged, sometimes up to 1000 gm, and 
generally is moderately firm. The splenic capsule is unaf- 
fected. The red pulp may be unusually congested, and on 
cut surface the splenic follicles are often prominent. Micro- 
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spleen substance. Sinuses are filled with macrophages and other 
white cells so that the low-power architecture is suffused with cells. 


scopically, the dominant changes are hyperplasia of the 
splenic follicles and marked reticuloendothelial hyperplasia, 
sometimes filling the sinusoids with phagocytic cells showing 
phagocytosis of debris (Fig. 15-44). Large germinal centers 
may be seen in the follicles, with prominent mitotic activity 
and transformation of many of the follicular center cells into 
“blasts.” Macrophages, eosinophils, and numerous plasma 
cells are often present in both white and red pulp. 


Should the underlying condition causing the splenic 
changes be amenable to control, the spleen in time 
generally reverts to normal or near-normal size. 


CONGESTIVE SPLENOMEGALY 


Persistent or chronic venous congestion may cause 
enlargement of the spleen referred to as congestive 
splenomegaly. The venous congestion may be systemic 
in origin, may be caused by intrahepatic derangement 
of portal venous drainage, or may be due to obstructive 
venous disorders in the portal or splenic veins. All these 
disorders ultimately lead to portal or splenic vein hy- 
pertension. Systemic or central venous congestion is 
encountered in cardiac decompensation involving the 
right side of the heart, and therefore is found in any 
type of long-standing cardiac decompensation. It is 
particularly severe in tricuspid or pulmonic valvular 


disease and in chronic cor pulmonale. In systemic 
venous stasis there are accompanying congestive 
changes in the liver and intestines, and frequently 
associated ascites and peripheral edema. Such systemic 
passive congestion produces only moderate enlargement 
of the spleen, so that it rarely exceeds 500 gm in weight. 

_ The most common causes of striking congestive 
splenomegaly are the various forms of cirrhosis of the 
liver. The diffuse fibrous scarring of alcoholic cirrhosis 
and pigment cirrhosis evokes the most extreme enlarge- 
ments. Less commonly, other forms of cirrhosis are 
implicated. In these conditions, there is sufficient im- 
pingement on the venous drainage through the liver to 
cause marked stasis within the portal system. At the 
same time, portohepatic artery shunts develop in the 
hepatic scars to raise the portal and splenic venous 
pressures even further. Only infrequently does tumor- 
ous obstruction of the vasculature of the liver give rise 
to congestive changes in the spleen. It is therefore 
uncommon for diffuse metastatic seeding of the liver to 
produce significant portal hypertension. Primary hepatic 
carcinoma may be an exception when it invades the 
major hepatic vessels. 

Congestive splenomegaly is also caused by obstruc- 
tion to the extrahepatic portal vein or splenic vein. The 
venous obstruction may be due to spontaneous portal 
vein thrombosis. Such thrombosis is usually associated 
with some intrahepatic obstructive disease, or may be 
initiated by inflammatory involvement of the portal vein 
(pylephlebitis) such as follows intraperitoneal infections. 
Thrombosis of the splenic vein itself may be initiated 
by the pressure of tumors in neighboring organs, e.g., 
carcinoma of the stomach or pancreas. Less often, it 
occurs as a splenic thrombophlebitis resulting from 
suppurative peritonitis, or as a bland throtnbosis sec- 
ondary to upper abdominal surgery or some disorder 
that predisposes to systemic venous thromboses. 


Long-standing congestive splenomegaly produces 
marked enlargement of the spleen (1000 gm or more); the 
organ is firm and becomes increasingly so the longer the 
congestion lasts. The weight may reach 5000 gni. The 
capsule may be thickened and fibrous but is otherwise 
uninvolved. The cut surface has a meaty appearance and 
varies from gray-red to deep red, depending on the amount 
of fibrosis. Often the malpighian corpuscles are indistinct. 
Small gray-to-brown firm nodules scattered throughout the 
red pulp constitute the so-called Gandy-Gamna nodules 
described below. Microscopically, the pulp is suffused with 
red cells during the early phases but becomes increasingly 
more fibrous and cellular with time. The increased portal 
pressure causes deposition of collagen in the basement 
membrane of the sinusoids, which appear dilated owing to 
the rigidity of their walls (Fig. 15-45). The resulting impair- 
ment of blood flow from the cords to the sinusoids prolongs 
the exposure of the blood cells to the cordal macrophages, 
resulting in excessive destruction (hypersplenism).%* Foci of 
recent or old hemorrhage may be present with deposition of 
hemosiderin in histiocytes. It is the organization of these 
focal hemorrhages that gives rise to the Gandy-Gamna 
nodules—foci of fibrosis containing deposits of iron and 
calcium salts encrusted on connective tissue and elastic 
fibers. The trabeculae are thickened and fibrous. In long- 
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Figure 15—45. Congestive splenomegaly. Congestion of sinuses, 
fibrosis and widening of walls of sinuses, and fibrosis of capsule 
are the dominant features shown. 


standing splenic congestion, foci of hematopoiesis appear, 
presumably as a response to the local vascular stasis and 
hypoxia. 


SPLENIC INFARCTS 


During the acute stages, infarcts of the spleen may 
cause enlargement, depending on the size and number 
of the lesions. The splenomegaly, however, is at most 
slight, and as the infarcts undergo fibrosis the spleen 
returns to normal size. Indeed, in the late stages, 
multiple splenic infarcts may cause loss of splenic sub- 
stance. Splenic infarcts are comparatively common le- 
sions. Caused by occlusion of the major splenic artery 
or any of its branches, they are almost always due to 
emboli that arise in the heart. The spleen, along with 
kidneys and brain, ranks as one of the most frequent 
sites of localization of systemic emboli. The infarcts may 
be small or large, multiple or single, or sometimes may 
involve the entire organ. They are usually of the bland, 
anemic type. Septic infarcts are found in infective 
endocarditis of the valves of the left side of the heart. 
Much less often, infarcts in the spleen are caused by 
local thromboses, especially in the myeloproliferative 
syndromes, sickle cell anemia, polyarteritis nodosa, 
Hodgkin’s disease, and bacteremic diseases. 
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Figure 15-46. Splenic infarcts. Multiple wedge-shaped lesions are present, the largest having 


developed cystic softening. 


Infarcts are characteristically pale and wedge-shaped, 
with their bases at the periphery where the capsule is often 
covered with fibrin (Fig. 15-46). Septic infarction modifies 
this appearance as frank suppurative necrosis develops. In 
the course of healing of these splenic infarcts, large, de- 
pressed scars may occur. The uncommon pattern of scat- 
tered in situ thromboses is characterized as the “spotted 
spleen” or “fleckmilz.” It is usually produced by acute 
infectious diseases that initiate acute vasculitis and throm- 
boses of splenic vessels. In this condition, the splenic 
substance is dotted by minute infarctions that vary from 1 to 
5 mm in diameter. 


Splenic infarcts are an important clinical consider- 
ation in older cardiac patients who suddenly complain 
of left upper quadrant pain. This clinical accident is not 
an unusual accompaniment of bacterial infective endo- 
carditis. Occasionally in these cases, the fibrinous peri- 
splenitis leads to friction rubs that can be heard in the 
left upper quadrant. The destruction of splenic sub- 
stance is not critically significant, and the major impor- 
tance of these infarcts is their differentiation from other 
more serious intra-abdominal diseases that cause left 
upper quadrant pain: e.g., rupture of the spleen, per- 
foration of the stomach or intestines, or rupture of an 
intra-abdominal aneurysm. 


NEOPLASMS 


Neoplastic involvement of the spleen, whether 
primary or secondary, may induce splenomegaly. 


PRIMARY LESIONS 


In general, primary tumors, either benign or ma- 
lignant, are rare. 

BENIGN. The following types of benign tumors may 
arise in the spleen: fibromas, osteomas, chondromas, 
lymphangiomas, and hemangiomas. The last-named two 
are the most common and are often cavernous in type. 
Undoubtedly, some of the hemangiomas are better 
classified as hamartomas than as neoplasms. 

MALIGNANT. Any of the types of non-Hodgkin's 
lymphomas or Hodgkin’s disease primary in the lymph 
nodes (p. 657) may be primary in the spleen, and in 
this organ they have the same characteristics as in the 
lymph nodes. In addition to these lesions, hemangios- 
arcomas with metastases, especially to the liver, do 
occur (p. 542). 


SECONDARY LESIONS 


Whether to call involvement of the spleen in sys- 
temic Hodgkin's disease or disseminated non-Hodgkin's 
lymphomas a secondary lesion is largely a semantic 
issue; however, as you recall, splenic involvement in 
these conditions is by no means uncommon. Metastases 
of other types of tumors.to the spleen have been 
reported to be rare, or present in 50% of cases when 
assiduously sought. In either event, metastases appear 
in the spleen only when the primary lesion has dissem- 
inated widely, and are of little clinical consequence 
since the patients are almost always in a terminal stage. 
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Figure 15—47. Large spontaneous hemorrhage into spleen of a 27- 
year-old patient with infectious mononucleosis. Hematoma ruptured 
through capsule and caused massive intraperitoneal hemorrhage. 


RUPTURE 


Rupture of the spleen is usually caused by a crush- 
ing injury or severe blow. Much less often, it is en- 
countered in the apparent absence of trauma: this event 
is designated as spontaneous rupture. It is a clinical 
maxim that the normal spleen never ruptures sponta- 
neously. In all instances of apparent nontraumatic rup- 
ture, some underlying condition should be suspected as 
the basis for the enlargement or weakening of this organ. 
Spontaneous rupture is encountered most often in in- 
fectious mononucleosis, malaria, typhoid fever, leuke- 
mia, and the other types of acute splenitis (Fig. 15-47). 
Rupture is usually followed by extensive, sometimes 
massive, intraperitoneal hemorrhage. The condition 
usually must be treated by prompt surgical removal of 
the spleen to prevent death from loss of blood and 
shock. In rare instances, clotting staunches the flow of 
blood. In some cases, following rupture, spleniculi may 
be found either localized or scattered throughout the 
peritoneal cavity, apparently transplants of splenic sub- 
stance. 
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LUNG 
Normal 
Pathology 
Congenital anomalies 
Alterations in lung expansion 
Atelectasis 
Diseases of vascular origin 
Pulmonary congestion and edema 
Pulmonary embolism, hemorrhage, 
and infarction 
Pulmonary hypertension and vascular 
sclerosis 
Adult respiratory distress syndrome (ARDS) 
Obstructive vs. restrictive pulmonary 
disease 
Chronic obstructive airway disease 
(chronic obstructive pulmonary disease) 
Emphysema 
Chronic bronchitis 
Bronchial asthma 
Bronchiectasis 
Pulmonary infections 
Bacterial pneumonia 
Bronchopneumonia (lobular 
pneumonia) 
Lobar pneumonia 
Pneumonia in immunocompromised 
host 


Lung abscess 


diseases of lung 


(DIP) 


syndrome) 


NORMAL 


The lungs are ingeniously constructed to carry out 
their cardinal function, the exchange of gases between 
inspired air and the blood. The present consideration 
of the normal lung is confined to reemphasizing those 
features of the anatomy that are particularly pertinent 
to an understanding of the pathology of this organ.‘ 

The normal adult lung weighs approximately 300 
to 400 gm. Sometimes forgotten is the surface presen- 
tation of the various lobes of the lungs. The two lower 
lobes present almost entirely on the posterior aspect of 
the thoracic cavity, whereas the upper lobes and right 
middle lobe present almost entirely on the anterior 
aspect. However, because the apical portions of the 
lower lobes are thin, pathologic processes throughout 
most of the upper lobes yield clinical signs that can be 
detected both anteriorly and posteriorly. The right 
middle lobe is separated from the posterior chest wall 
by a thick mass of lower lobe. Disorders in the middle 
lobe, then, are clinically reflected chiefly by signs 
confined to the right anterior lower thorax. 

The right main stem bronchus is more vertical and 
more directly in line with the trachea than is the left. 
As a consequence, aspirated foreign material, such as 
vomitus, blood, and foreign bodies, tends to enter the 
right lung rather than the left. 

In the trachea and major bronchi, the cartilage 
takes the form of C-shaped plates, leaving the posterior 
membranous portion free of cartilage. Smooth muscle 


Viral and Mycoplasma pneumonia 
(primary atypical pneumonia) 


Pulmonary tuberculosis 

Primary pulmonary tuberculosis 

Secondary or postprimary 
pulmonary tuberculosis (chronic 
pulmonary tuberculosis) 

Late progressive pulmonary 
tuberculosis 

Diffuse interstitial (infiltrative, restrictive) 


Pneumoconiosis 

Hypersensitivity pneumonitis (external 
allergic alveolitis) 

Goodpasture's syndrome 

Idiopathic pulmonary hemosiderosis 

Pulmonary alveolar proteinosis 

Desquamative interstitial pneumonitis 


Diffuse idiopathic pulmonary fibrosis 
(chronic interstitial pneumonia, 
fibrosing alveolitis, Hamman-Rich 


Pulmonary eosinophilia (pulmonary 
infiltration with eosinophilia) 

Pulmonary involvement in collagen- 
vascular disorders 
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LUNG 


Other forms of pulmonary disease 
Lipid pneumonia 
Tumors of lung 
Bronchogenic carcinoma 
Bronchioloalveolar carcinoma . 
Bronchial carcinoid 
Miscellaneous tumors 
Metastatic tumors of lung 
PLEURA 
inflammations 
Serofibrinous pleuritis 
Suppurative pleuritis (empyema) 
Hemorrhagic pleuritis 
Noninflammatory pleural effusions 
Hydrothorax 
Hemothorax 
Chylothorax 
Pneumothorax 
Tumors of pleura 
Mesothelioma 
LARYNX 
Inflammations 
Tumors of larynx 
Benign neoplasms 
Malignant tumors 
NASAL CAVITIES AND ACCESSORY AIR SINUSES 
Rhinitis and sinusitis 
Tumors of nasal cavities and sinuses 


is present only in the membranous portion. However, 
as the main bronchi enter the lungs, this organization 
changes; discontinuous plates of cartilage and muscle 
now encircle the entire wall. Thus, only in the lung, 
where the muscle extends around the entire circumfer- 
ence of the bronchi, does bronchial constriction result 
in total obstruction of the airway lumen. Progressive 
branching of the bronchi forms bronchioles, which are 
differentiated from bronchi by the lack of cartilage and 
submucosal glands within their walls. Further branching 
of bronchioles leads to the terminal bronchioles, which 
are less than 2 mm in diameter. 

The part of the lung distal to the terminal bron- 
chiole is called the acinus, or the terminal respiratory 
unit; it is approximately spherical in shape, with a 
diameter of about 7 mm. Acini contain alveoli and are 
thus the site of gas exchange (Fig. 16-1). An acinus is 
composed of (1) respiratory bronchioles (emanating from 
the terminal bronchiole), which give off from their sides 
several alveoli; these bronchioles then proceed into (2) 
the alveolar ducts, which immediately branch and 
empty into (3) the alveolar sacs—the blind ends of the 
respiratory passages, whose walls are formed entirely of 
alveoli. It is important to note that the alveoli open into 
the ducts through large mouths. In the correct plane of 
section, therefore, all alveoli are open and have incom- 
plete walls. This alveolar mouth is sometimes mistakenly 
interpreted as a defect caused by a rupture of an alveolar 
wall. 

A cluster of three to five terminal bronchioles, each 
with its appended acini, is usually referred to as the 
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AS ALVEOLUS 


Figure 16—1. This diagrammatic representation of an acinus shows 
a terminal bronchiole (TB); respiratory bronchioles of first (RB,), 
second (RB,), and third (RB,) orders; an alveolar duct (AD); and an 
alveolar sac (AS). The acinus is the part of the lung distal to a 
terminal bronchiole, and emphysema is defined in terms of the 
acinus. (From Thrulbeck, W. M.: Chronic Airflow Obstruction in Lung 
Disease. Philadelphia, W. B. Saunders Co., 1976.) 


pulmonary lobule. As will be seen, this lobular archi- 
tecture assumes importance in differentiation of the 
major forms of emphysema. Lobules are separated from 
each other by connective tissue septa, which are some- 
what less well defined in humans than in animals. 

Attention should be called to the double arterial 
supply to the lungs, i.e., the pulmonary and bronchial 
arteries. In the absence of significant cardiac failure, the 
bronchial arteries of aortic origin can sustain the vitality 
of the pulmonary parenchyma when pulmonary arterial 
supply is shut off, as by emboli. 

From the microscopic standpoint, it is well to 
remember that except for the vocal cords, which are 
covered by stratified squamous epithelium, the entire 
respiratory tree, including the larynx, trachea, and 
bronchioles, is lined by pseudostratified, tall, columnar, 
ciliated epithelial cells, heavily admixed with mucus- 
secreting goblet cells. The mucinous secretion and cilia 
have important functions. The mucus moistens the 
inspired air, prevents drying of the delicate alveolar 
walls, and traps dust and particulate matter. The cilia 
aid in the removal of foreign material by constant beating 
wavelike motions that propel this material back into the 
larger bronchi and trachea where the cough reflex 
completes the expulsion. 

The bronchial mucosa also contains neuroendocrine 
cells,4 the bronchial counterparts of the argentaffin or 
Kulchitsky cells of the gastrointestinal tract. These cells 
exhibit neurosecretory-type granules; contain serotonin, 
calcitonin, and gastrin-releasing peptide (bombesin); and 
are important as precursors of the carcinoid tumors and 
small cell carcinomas of the lung. Numerous submu- 
cosal, mucus-secreting glands are dispersed throughout 
the walls of the trachea and bronchi but not the bron- 
chioles. 

The microscopic structure of the alveolar walls (or 
alveolar septa) consists, from blood to air, of the follow- 
ing (Fig. 16-2): ° 

1. The capillary endothelium lining the intertwin- 
ing network of anastomotic capillaries. 

2. A basement membrane and surrounding inter- 
stitial tissue separating the endothelial cell from the 
alveolar lining epithelial cell. In thin portions of the 


alveolar septum, the basement membranes of epithe- 
lium and endothelium are fused, whereas in thicker 
portions they are separated by an interstitial space (the 
pulmonary interstitium), containing fine elastic fibers, 
small bundles of collagen, ground substance, a few 
fibroblast-like interstitial cells, smooth muscle cells, 
mast cells, and rare lymphocytes and monocytes. 

3. The alveolar epithelium, a continuous layer 
made up of two principal cell types: flattened, platelike 
pavement Type I pneumocytes (or membranous pneu- 
mocytes), covering 95% of the alveolar surface, and 
rounded, granular Type II pneumocytes (or granular 
pneumocytes), which exhibit surface microvilli and con- 
tain osmiophilic lamellated inclusion bodies. Type II 
cells are important for at least two reasons: (a) they are 
the source of pulmonary surfactant and (b) they are the 
main cell type involved in the repair of alveolar epithe- 
lium after destruction of Type I cells. Loosely attached 
to the epithelial cells or lying free within the alveolar 
spaces are the alveolar macrophages. These are derived 
from blood monocytes and belong to the mononuclear 
phagocyte system. Often they are filled with carbon 
particles and other phagocytosed materials. The alveolar 
walls are not solid but are perforated by numerous pores 
of Kohn, which permit the passage of bacteria and 
exudate between adjacent alveoli. 

Adjacent to the alveolar cell membrane is the 
glycoprotein-containing cell coat upon which is a thin 
film of phospholipid, mostly phosphatidylcholine (leci- 
thin), the pulmonary surfactant.’ Lecithin is critical to 
the alveolar wall, since it serves to lower the surface 
tension of alveolar lining and maintain the stability of 
the alveoli. Indeed, about half the normal compliance 
of the lung is due not to its elastic tissue but to these 
surface tension—lowering forces. Surfactant is synthe- 
sized in Type II cells and stored in the osmiophilic 
lamellated bodies of such cells. Loss of surfactant activity 
is believed to play a role in the respiratory distress 
syndromes of infants (p. 482) and adults (p. 714). 

The structure of bronchioles (especially those less 
than 2 mm in diameter) is of special interest, since 
alterations in these “small airways” are assuming in- 
creased importance in the pathogenesis of chronic bron- 
chitis and emphysema (p. 725). The structure of bron- 
chioles differs in several respects from that of the 
alveolus on one hand and larger bronchi on the other. 
The bronchiolar surface is covered with cilia, which are 
surrounded by a water-protein layer rich in lysozyme 
and immunoglobulins, but unlike the alveoli, the surface 
layer contains no surfactant and, unlike the bronchi, 
no mucus. Indeed, there are no mucous cells in the 
walls of the bronchioles. Instead, nonciliated granulated 
Clara cells secrete the mucus-poor lining protein. In 
some inflammatory conditions of bronchioles, there is 
goblet cell metaplasia of the bronchiolar lining with an 
increase in mucus production and a diminution in the 
number of Clara cells. 

The all-important respiratory function of the lungs 
can be divided into two aspects: ventilation, concerned 
with the movement of air into the alveolar spaces, and 
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erse section through capillaries in interalveolar 
septum. Surface of septum facing alveolar spaces (AS) is lined by continuous Type | epithelium (EP). 
Capillary containing red blood cells (RBC) is lined by endothelium (E). Both layers rest on basement 
membranes (BM) that appear fused over “thin” portion of membrane and are separated by an 
interstitial space (IS) over “thick” portion of membrane. Horizontal bar = 1 p. (x 11,500. Courtesy 
of Dr. Ewald R. Weiber.) From Murray, J. F.: The Normal Lung. Philadelphia, W. B. Saunders Co., 
1976., 
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respiratory gas exchange, involving the diffusion of 
oxygen and carbon dioxide across the alveolar capillary 
membrane. 

Ventilation is largely a function of the respiratory 
muscles, particularly the diaphragm, and of the volu- 
metric capacity of the lungs. It must be remembered 
that during a single quiet respiratory cycle approxi- 
mately 500 ml of air is moved in and out (tidal volume). 
However, the total lung capacity that reflects the max- 
imal amount of air that can be moved in and out by 
forced inspiration and expiration is about 4000 ml (vital 
capacity). Even after such forced expiration, there is a 
residual volume of about 1200 ml that accounts for the 
normal buoyancy of pulmonary tissue when the lungs 
are floated in water. When there is abnormal collapse 
of the lungs (atelectasis), this residual volume may be 
sufficiently diminished to destroy this normal lung buoy- 
ancy. Disease states may impair normal ventilation by 
reducing the volume capacity of the lung or by obstruct- 
ing the movement of air through the respiratory pas- 
sages. Filling of the lung alveolar spaces by inflammatory 
exudate, such as occurs in various types of pneumonia, 
reduces ventilatory capacity by lowering vital capacity 
and tidal volume. Space-occupying fluid or tumors will 
also reduce ventilatory function. Compression of the 
lung by pleural fluid, exudate, or thoracic deformities 
acts similarly. Lung ventilation may also be reduced by 
obstructive diseases, such as asthma, and neuromuscular 
disorders that weaken the muscles of respiration and 
therefore do not permit full expansion of the lungs. 

Respiratory gas exchange is the second aspect of 
pulmonary function. It is to a considerable extent de- 
pendent on the integrity of the alveolar wall and its 
capacity to permit the interchange of oxygen and carbon 
dioxide. Any disease that interposes edema fluid, fibrous 
tissue, exudate, or neoplasm between the air spaces of 
the alveoli and the septal capillaries hampers respiratory 
exchange by producing what is called an “alveolocapil- 
lary block.” Reduction in the rate of flow of blood 
through the lungs will also hamper such respiratory 
exchange. 

PULMONARY DEFENSE MECHANISMS.” ®:2 Each day, 
the respiratory airways and alveoli are exposed to about 
10,000 liters of air containing hazardous dusts, chemi- 
cals, and infectious microorganisms. However, the nor- 
mal lung is sterile, and although residents of most cities 
inhale several hundred grams of particles over their 
lifetimes, their lungs at autopsy show only a few grams 
of mineral ash. This is the result of efficient filtering 
and clearing mechanisms, as follows (Fig. 16—3): 

(1) Nasal clearance. Particles deposited near the 
front of the airway on the nonciliated epithelium are 
normally removed by sneezing and blowing, while those 
deposited posteriorly are swept over the mucus-lined 
ciliated epithelium to the nasopharynx, where they are 
swallowed. 

(2) Tracheobronchial clearance. This is accom- 
plished by mucociliary action: the beating motion of 
cilia moves a film of mucus continuously from the lung 
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Figure 16—3. Components of lungs’ defenses: mucociliary escalator 
in proximal bronchi and alveolar macrophages in distal airways. 
Arrows indicate possible routes alveolar macrophages may take in 
eliminating airborne particles. (From Daniele, R. P.: Immune defen- 
ses of the lung. /n Fishman, A. P. (ed.): Pulmonary Diseases and 
Disorders. New York, McGraw-Hill Book Co., 1980. Copyright © 
1980 by McGraw-Hill, Inc. Used by permission of McGraw-Hill Book 
Company.) 


toward the oropharynx; particles deposited on this film 
are eventually either swallowed or expectorated. 

(3) Alveolar clearance.’ Bacteria or solid particles 
deposited in the alveoli are phagocytosed by alveolar 
macrophages, which then eliminate the particle either 
by digesting it or by carrying it along to the ciliated 
bronchioles. From here the macrophage is propelled to 
the oropharynx and then swallowed. Alternatively, the 
particle-laden macrophage may move through the inter- 
stitial space and either reenter the bronchioles or enter 
lymphatic capillaries. If the particle load is heavy and 
macrophage transport via the surface and alveolar path- 
ways is overwhelmed, some particles may eventually 
reach the regional lymph nodes and, via the blood- 
stream, elsewhere in the body. Massive exposure to 
noxious particles or virulent organisms that overwhelms 
the capacity of the alveolar macrophages may result in 
an acute inflammatory reaction, after which polymor- 
phonuclear leukocytes aid in the phagocytic and bacte- 
ricidal functions. 

‘Inhaled particles are deposited according to their 
size, depending on the interaction of certain physical 
properties (sedimentation, impaction, and diffusion) 
with the anatomy of the respiratory tract and the host’s 
pattern of breathing. Thus, particles over 10 w are 
deposited largely in the turbulent air flow of the nose 
and upper airways; particles of 3 to 10 w lodge in the 
trachea and bronchi by impaction; and smaller particles, 
about the size of most bacteria, 0.5 to 3.0 pw, are 
deposited in the terminal airways and alveoli. Ineffective 
clearance of particles from these three sites is helieved 
to be crucial to the pathogenesis of pulmonary infections 
and of the slowly developing pneumoconioses (p. 431). 


PATHOLOGY 


It is impossible to overemphasize the importance 
of lung disease in the overall perspective of pathology 
and clinical medicine. Primary respiratory infections, 
such as bronchitis, bronchopneumonia, and other forms 
of pneumonia, are commonplace in clinical and patho- 
logic practice. In this day of cigarette smoking and air 
pollution, emphysema has become rampant, affecting 
large segments of the total population. Moreover, the 
lungs are secondarily involved in almost all forms of 

terminal disease, so that at virtually every autopsy some 
- degree of pulmonary edema, atelectasis, or broncho- 
pneumonia is found. Malignancy of the lungs has risen 
steadily in incidence, until it is now the most common 
form of visceral malignancy in the male. In the present 
consideration of the lung, emphasis will be placed on 
primary diseases that affect this organ. Systemic distur- 
bances that secondarily involve the lung, such as lupus 
erythematosus, will be largely omitted, since they re- 
ceive consideration elsewhere as basic systemic proc- 
esses. For detailed descriptions of pulmonary pathology, 
the reader is referred to comprehensive books of pul- 
monary diseases. !!"* 


CONGENITAL ANOMALIES 


Developmental defects of the lung®" include (1) 
agenesis or hypoplasia of both lungs, one lung, or single 
lobes; (2) tracheal and bronchial anomalies; (3) intralobar 
and extrapulmonary lobar sequestrations (p. 729); (4) 
congenital lobar overinflation (emphysema, p. 724); (5) 
vascular anomalies; and (6) congenital cysts. Congenital 
cysts represent an abnormal detachment of a fragment 
of primitive foregut, and consist of bronchogenic (cen- 
tral) cysts and pulmonary (peripheral) cysts. 


Bronchogenic cysts are usually central but may occur 
anywhere in the lungs as single or, on occasion, multiple 
cystic spaces from microscopic size to over 5 cm in diameter. 
They are usually adjacent to bronchi or bronchioles and may 
or may not have demonstrable connections. Histologically, 
they are lined by ciliated, mucus-secreting respiratory col- 
umnar epithelium, based on a thin layer of connective tissue 
(Fig. 16—4). In the uncomplicated case, the cavities are filled 
either with mucinous secretion or, if there is an orifice 
draining the secretions, with air. Infection of the secretions 
leads to suppuration, often associated with progressive 
metaplasia of the linjng epithelium or even total necrosis of 
the wall of the cysts to create a lung abscess. 

Peripheral pulmonary cysts are usually multiple and 
may affect both lungs. They rarely communicate with the 
main bronchi. Infection is frequent. Rupture of these cysts 
into the pleural cavity may cause pneumothorax and collapse 
the lung. Less often, the increase in intrapleural pressure 
compresses and partially blocks the respiratory tree, causing 
progressive expiratory obstruction. Under these circum- 
stances, the cysts are blown up like a balloon with each 
aspiration. 


Figure 16—4. Bronchogenic cyst of lung. A microscopic detail of 
wall illustrating respiratory lining epithelium. 


Congenital cysts are of clinical importance because 
(1) they may compress or displace sufficient lung volume 
to decrease the vital capacity and produce ventilatory 
insufficiency; (2) they are prime sites for the develop- 
ment of infection, which may then lead to the formation 
of lung abscesses, bronchopleural fistulas, and some- 
times empyema; (3) through progressive cystic dilata- 
tion, vessels may be ruptured, causing hemorrhage and 
hemoptysis; and (4) rupture of the cysts into the pleural 
cavities may cause pneumothorax or dissection of air 
into connective tissue septa of the lung to produce 
interstitial pulmonary emphysema. 


ALTERATIONS IN LUNG EXPANSION 
ATELECTASIS 


Atelectasis refers either to incomplete expansion of 
the lungs or to the collapse of previously inflated lung 
substance. This disorder may be present at birth, may 
arise during the first days of postnatal life, or may occur 
anytime thereafter. Whenever it occurs, it is character- 
ized by areas of relatively airless pulmonary paren- 
chyma. The term atelectasis should be applied only 
when the affected alveoli are structurally normal and 
therefore capable of reexpansion if the underlying cause 
can be removed. 

Atelectasis in the newborn (atelectasis neonatorum) 
is divided into primary and secondary forms and is 
discussed in Chapter 11. 

PATHOGENESIS. Acquired atelectasis, encountered 
principally in adults, may be divided into obstructive, 
compressive, contraction, and patchy atelectasis. 
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Obstructive atelectasis is the consequence of com- 
plete obstruction of an airway, which in time leads to 
absorption of the oxygen trapped in the dependent 
alveoli, followed by their collapse. Some air may per- 
colate through the pores of Kohn, but does not com- 
pensate for the airway blockage or prevent collapse of 
the alveolar spaces. Obstructive-absorptive collapse im- 
plies total blockage of the affected airway but continued 
blood flow through the affected alveolar walls. The lung 
volume is diminished, and if a sufficient amount of 
parenchyma is affected the mediastinum shifts toward 
the atelectatic lung. 

Compressive atelectasis results whenever the 
pleural cavity is partially or completely filled by fluid 
exudate, tumor, blood clot, or air (the last-mentioned 
constituting pneumothorax, p. 759). Similarly, abnormal 
elevation of the diaphragm such as follows peritonitis, 
subdiaphragmatic abscesses, and abdominal carcinoma- 
tosis will induce basal atelectasis. With compressive 
atelectasis, the mediastinum shifts away from the af- 
fected lung. 

Contraction atelectasis occurs when localized fi- 
brotic changes increase recoil in a local area of the lung. 
Patchy atelectasis develops when there is loss of pul- 
monary surfactant, as in the newborn and adult respi- 
ratory distress syndromes, discussed elsewhere. 


MORPHOLOGY. Acquired atelectasis may involve all 
lobes (massive collapse), which is usually incompatible with 
life. In the massive collapse that follows rupture of blebs or 
penetrating wounds of the chest cavity, the entire lung may 
be folded against the mediastinum as pneumothorax devel- 
ops. Most often, it is lobar or segmental. In the most common 
pattern, caused by elevated diaphragms or the accumulation 
of fluid within the pleural cavities, it is basal and bilateral. 
The collapsed lung parenchyma is shrunken below the level 
of the surrounding lung substance and is red-blue, rubbery, 
and subcrepitant with a wrinkled overlying pleura. In subtotal 
atelectasis of a portion of a lobe, the adjacent parenchyma 
often becomes overinflated, erroneously termed compen- 
satory emphysema. Histologically, the collapsed alveoli 
become slitlike, and the lung appears to have “too much 
tissue and too little air” (Fig. 16-5). Occasionally, segmental 
atelectasis of the basal portions of the upper lobes follows 
surgery, presumably because of obstructive secretions in 
the bronchi. These segmental lesions create horizontal linear 
radiographic shadows to which the descriptive term plate 
atelectasis is applied. 


Obstructive atelectasis is principally caused by ex- 
cessive secretions or exudate within the second order 
and smaller bronchi, and is therefore most often found 
in bronchial asthma, chronic bronchitis, bronchiectasis, 
and postoperative states and with aspiration of foreign 
bodies. Bronchial neoplasms are additional important 
causes of atelectasis, although in most instances they 
cause subtotal obstruction and produce emphysema. 
Secretions may also produce atelectasis in the airways 
of the comatose patient. 

The compressive form of atelectasis is most com- 
monly encountered in patients in cardiac failure who 
develop hydrothorax and in neoplastic effusions within 
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Figure 16—5. Atelectasis. Alveoli are partially collapsed, producing 
slitlike spaces. 


the pleural cavities. It is also seen with rupture of a 
thoracic aneurysm causing hemothorax and in sponta- 
neous or induced pneumothorax. Elevated diaphragms, 
as mentioned, are important causes of basal atelectasis, 
particularly in seriously ill postoperative patients. Their 
recumbent position with abdominal distention causing 
pressure against the diaphragm, their tendency to limit 
respiratory motions because of pain, and their voluntary 
suppression of the cough reflex with resulting accumu- 
lation of secretions all contribute to the development of 
basal atelectasis and to serious respiratory embarrass- 
ment. 

Since the collapsed lung parenchyma can be reex- 
panded, atelectasis is a reversible disorder that should 
not be permitted to contribute significantly to a fatal 
outcome. Even if respiratory embarrassment is not 
marked, the atelectatic parenchyma is prone to develop 
superimposed infections. 


DISEASES OF VASCULAR ORIGIN 
PULMONARY CONGESTION AND EDEMA 


A general consideration of edema is on page 85, 
and pulmonary congestion and edema were described 
briefly on page 88. Pulmonary edema can result from 
hemodynamic disturbances or from direct increases in 
capillary and alveolar permeability.’ '° 


The most common hemodynamic mechanism of 
pulmonary edema is that due to increased hydrostatic 
pressure, as occurs in congestive heart failure. Accu- 
mulation of fluid in this setting can be accounted for by 
Starlings law of capillary interstitial fluid exchange (p. 
43). In short, the forces that move fluid out of the vessel 
wall are the mean intracapillary pressure and the small 
oncotic pressure of the interstitial fluid, and the forces 
moving fluid from the interstitium into the vessel lumen 
are the mean interstitial fluid pressure and the oncotic 
pressure of the plasma. In heart failure, there is an 
increase in pulmonary venous and capillary pressure 
and therefore in the forces moving fluid into the inter- 
stitium of the lung. Simultaneously the interendothelial 
junctions stretch, are widened, and allow the increased 
movement of both fluid and macromolecules into the 
interstitium.!” This results first in a marked increase in 
pulmonary lymphatic flow, which serves to drain off the 
accumulated fluid. Only after lymphatic drainage has 
been increased by about tenfold does fluid accumulate. 
At this stage, edema is purely “interstitial.” It is only 
when critical elevations in interstitial pressure are 
reached or increased pressure is prolonged that the 
tight junctions between alveolar lining epithelial cells 
break and alveolar edema results. 

Hemodynamic factors producing an imbalance in 
Starling forces also account for the pulmonary edema 
associated with volume overload and hypoalbuminemia 
(e.g., the nephrotic syndrome). In the latter setting the 
principal derangement is a decrease in plasma oncotic 
pressure. Blockage of lymphatic drainage by tumors or 
inflammation is yet another mechanism leading to the 
accumulation of fluid within the lung owing to hydro- 
static alterations. 


Whatever the clinical setting, pulmonary congestion and 
edema are characterized by heavy, wet, subcrepitant lungs. 
Fluid accumulates in the basal regions of the lower lobes. 
Histologically, the alveolar capillaries are engorged and an 
intra-alveolar granular pink precipitate is seen (Fig. 16-6). 
Alveolar microhemorrhages and hemosiderin-laden macro- 
phages (heart failure cells) are present. In long-standing 
cases of pulmonary congestion, such as those seen in mitral 
stenosis, hemosiderin-laden macrophages are abundant, 
and fibrosis and thickening of the alveolar walls cause the 
soggy lungs to become firm and brown (brown induration, 
chronic passive congestion). Changes such as these not 
only impair normal respiratory function but also predispose 
to infection, termed hypostatic bronchopneumonia. Thus, 
bronchopneumonia often terminates long-term congestive 
heart failure. 


The second mechanism leading to pulmonary 
edema is injury to the alveolocapillary membrane. Here 
the pulmonary capillary hydrostatic pressure need not 
be elevated, and hemodynamic factors play a secondary 
role. The edema is initiated by injury to the vascular 
endothelium and frequently also to alveolar epithelial 
cells, resulting in leakage of fluids and proteins first into 
the interstitial space and, in more severe cases, into the 
alveoli. This is clearly the mechanism of locally occurring 
edema in bacterial or viral pneumonias. When it remains 


Figure 16—6. Pulmonary edema. Granular precipitate within alveolar 
spaces represents constituents of edema fluid. 


localized, as it does in most forms of pneumonia, the 
edema is overshadowed by the manifestations of infec- 
tion. When diffuse, however, alveolar edema is an 
important contributor to a serious and often fatal syn- 
drome—the adult respiratory distress syndrome—dis- 
cussed on page 714. 


PULMONARY EMBOLISM, HEMORRHAGE, 
AND INFARCTION 


Occlusions of the pulmonary arteries by blood clot 
are almost always embolic in origin. In situ thromboses 
are rare and develop only in the presence of pulmonary 
hypertension and pulmonary atherosclerosis. However, 
thrombosis superimposed on a nonocclusive embolus 
may complete the arterial obstruction. The usual source 
of these emboli (thrombi in the deep veins of the leg) 
and the magnitude of the clinical problem were dis- 
cussed on page 102, where the awesome frequency of 
pulmonary embolism and infarction was emphasized. 
Suffice it to say here that pulmonary embolism causes 
more than 50,000 deaths in the United States each year. 
Its incidence at autopsy has varied from 8% in the 
general population of hospital patients to 30% in patients 
dying after severe burns, trauma, or fractures and to 
65% of hospitalized patients in one study in which 
special techniques were applied to discover emboli at 
autopsy.!* It is the sole or major contributing cause of 
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death in 10 to 15% of adults dying in acute wards in 
general hospitals. 


MORPHOLOGY. The morphologic consequences of em- 
bolic occlusion of the pulmonary arteries depend on the size 
of the embolic mass and the general state of the circulation. 
Large emboli may impact in the main pulmonary artery or 
its major branches or lodge astride the bifurcation as a 
saddle embolus (Fig. 16—7). Sudden death often ensues, 
owing to the block of blood flow through the lungs. Death 
may also be occasioned by acute dilatation of the right heart 
(acute cor pulmonale). In such sudden deaths, there may 
be no significant alterations in the lungs. Smaller emboli 
travel out into the more peripheral vessels where they may 
or may not cause infarction. In patients with an adequate 
cardiovascular circulation, the bronchial artery supply 
can sustain the lung parenchyma despite obstruction to 
the pulmonary arterial system. Under these circum- 
stances hemorrhages occur, but there is no infarction 
of the underlying lung parenchyma; less than 10% of 
human emboli actually cause infarction. While the un- 
derlying pulmonary architecture may be obscured by the 
suffusion of blood, hemorrhages are distinguished by the 
preservation of the native pulmonary substance. Re- 
sorption of the blood permits reconstitution of the preexisting 
architecture. 

Pulmonary emboli cause infarction when the circu- 
lation is already inadequate, namely, in patients with heart 
or lung disease. It is for this reason that infarctions tend to 
be uncommon in the young. About three-fourths of all infarcts 
affect the lower lobes, and in over one-half they occur 
multiply. They vary in size from lesions barely visible to the 
naked eye to massive involvement of large parts of an entire 
lobe. Characteristically, they extend to the periphery of the 
lung substance with the apex pointing toward the hilus of 
the lung. The pulmonary infarct is classically hemorrhagic 
and appears as a raised, red-blue area in the early stages 


Figure 16—7. Large embolus from femoral vein lying astride main left and right pulmonary arteries. 


(Fig. 16-8). Often the apposed pleural surface is covered 
by a fibrinous exudate. If the occluded vessel can be 
identified, it will be found near the apex of the infarcted area. 
The red cells begin to lyse within 48 hours, and the infarct 
becomes paler and eventually red-brown as hemosiderin is 
produced. With the passage of time, fibrous replacement 
begins at the margins as a gray-white peripheral zone and 
eventually converts the infarct into a scar that is contracted 
below the level of the lung substance. Histologically, the 
diagnostic feature of pulmonary infarction is the is- 
chemic necrosis of the lung substance within the area of 
hemorrhage. Such necrosis affects the alveolar walls, bron- 
chioles, and vessels. 

If the infarct is caused by an infected embolus, the 
infarct is modified by a more intense neutrophilic exudation 
and more intense inflammatory reaction. Such lesions are 
referred to as septic infarcts, and indeed some convert to 
abscesses. 


CLINICAL CourRSE. Pulmonary embolism and _in- 
farction are principally complications of patients already 
suffering from some underlying disorder such as cardiac 
disease or cancer, or who are immobilized for long 
periods. Younger women have an increased risk of 
suffering embolism to the lung and possibly infarction 
in late pregnancy, following delivery, and with the use 
of “contraceptive pills” containing excesses of estrogens 
over progesterone (p. 447). 

The significance of pulmonary embolism depends 
on the size of the occluded vessel, the number of emboli, 
and the general status of the cardiovascular system. 
Emboli result in two main pathophysiologic conse- 
quences: respiratory compromise due to the nonper- 
fused, though ventilated obstructed segment, and hemo- 
dynamic compromise due to increased resistance to 
pulmonary blood flow engendered by the embolic ob- 


Figure 16—8. Cross section of a pulmonary infarct of several days’ 
duration. The well-demarcated, wedge-shaped area of red-blue 
infarction appears densely black in the photograph. 


struction. The latter leads to pulmonary hypertension 
and acute failure of the right ventricle. Large emboli 
are one of the few causes of virtually instantaneous 
death. If death occurs less suddenly, the clinical syn- 
drome may mimic myocardial infarction with severe 
chest pain, acute dyspnea, shock, elevation of temper- 
ature, and increased levels of serum LDH (further 
mimicking myocardial infarction). Although the extent 
of embolic obstruction is a critical factor in survival, 
smaller emboli sometimes cause acute right heart failure 
either by stimulating reflex vasoconstriction of pulmo- 
nary vessels or by releasing vasoconstrictor agents (e.g., 
thromboxane) from platelets. '* 

In persons with a normal cardiovascular system, 
small emboli induce only transient chest pain and cough 
or possibly pulmonary hemorrhages without infarction. 
Only in the predisposed in whom the bronchial circu- 
lation itself is inadequate will they cause small infarcts. 
Such patients manifest dyspnea, tachypnea, fever, chest 
pain, cough, and hemoptysis. An overlying fibrinous 
pleuritis may produce a pleural friction rub. 

The chest radiograph may disclose a pulmonary 
infarction, usually 12 to 36 hours after it has occurred, 
as a wedge-shaped infiltrate. In the absence of infarc- 
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tion, however, the changes produced by the pulmonary 
embolus are subtle, and a normal chest x-ray by no 
means rules out the diagnosis. A widely used technique 
to search for pulmonary emboli is pulmonary perfusion 
scintiphotography (photoscans) after parenteral injection 
of radionuclides such as iodine-131 or technetium-99.”° 
The lung photoscan outlines the distribution of blood 
flow, and zones of decreased radioactivity provide di- 
agnostic support in a patient suspected of having a 
pulmonary embolus. Although the technique has limi- 
tations (since other diseases also cause anomalies of 
blood flow distribution), it has proved invaluable be- 
cause of its simplicity and safety. Pulmonary angiogra- 
phy is the most definitive diagnostic technique, but this 
modality entails more risk than do photoscans. 

Emboli often resolve after the initial acute insult. 
The embolus contracts, as do all blood clots; fibrinolytic 
activity may then further reduce its size, and remarkable 
resolution with total lysis of the clot may follow. This 
happy outcome is the rule, rather than the exception, 
particularly in the relatively young. When unresolved, 
multiple small emboli over the course of time may lead 
to pulmonary hypertension, pulmonary vascular scle- 
rosis, and chronic cor pulmonale. Perhaps most impor- 
tant is the fact that the small embolus may presage a 
larger one. In the presence of an underlying predispos- 
ing factor, patients with a pulmonary embolus have a 
30% chance of developing a second embolus. The overall 
mortality rate in treated patients with pulmonary throm- 
boembolism is about 8 to 12%. 

Prevention of pulmonary embolism constitutes a 
major clinical problem for which there is no easy solu- 
tion. Prophylactic therapy includes early ambulation in 
postoperative and postpartum patients, elastic stockings 
and isometric leg exercises for bedridden patients, and 
preventive anticoagulation in high-risk individuals. It is 
sometimes necessary to resort to insertion of a screen 
(‘umbrella’) or ligation of the inferior vena cava—no 
small procedures in an already seriously ill patient. 


Lung 


PULMONARY HYPERTENSION AND 
VASCULAR SCLEROSIS 


As should be well-known, the pulmonary circula- 
tion is one of low resistance and pulmonary blood 
pressure is only about one-eighth of systemic blood 
pressure. Pulmonary hypertension is caused largely by 
an increase in pulmonary vascular resistance, and (as 
reviewed in the discussion of cor pulmonale, p. 569) is 
most frequently secondary to (1) chronic obstructive or 
interstitial lung diseases, (2) recurrent pulmonary em- 
boli, or (3) antecedent heart disease. Uncommonly, 
pulmonary hypertension is encountered in patients in 
whom all known causes of increased pulmonary pressure 
are excluded, and this is referred’ to as primary or 
idiopathic pulmonary hypertension. Distinction of pri- 
mary hypertension from that caused by recurrent throm- 
boembolism may be particularly difficult without mor- 
phologic examination, but has been aided by 
angiography and radioisotope scanning. 
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PATHOGENESIS. Since the causes of secondary pul- 
monary vascular hypertension have already been con- 
sidered (p. 569), we are here concerned with the 
pathogenesis of primary pulmonary hypertension. Many 
theories have been proposed, which is another way of 
saying the problem is still unsettled.*! One older theory 
proposes that multiple small repeated silent pulmonary 
emboli are the cause of the pulmonary hypertension, 
and that their organization and incorporation within the 
arterial walls may be the cause of arterial thickening. 
Most current theories, however, postulate neurohor- 
monal vascular hyperreactivity as a central mechanism, 
in which chronic vasoconstriction induces pulmonary 
hypertension and, in time, intimal and medial vascular 
hypertrophy. This concept is supported by the fact that 
patients with primary pulmonary hypertension often 
suffer from vasospastic disorders such as Raynaud's 
phenomenon (p. 529). In addition, pulmonary vascular 
resistance can be rapidly decreased in these patients 
with vasodilators. Such hyperreactivity in turn, is initi- 
ated by several postulated mechanisms. One holds that 
the vascular lesions are a form of immune collagen- 
vascular disease, since both Raynaud's phenomenon and 
pulmonary hypertension occur in other such disorders 
(scleroderma, SLE, rheumatoid arthritis); this is also in 
keeping with the prevalence of the disease in young 
women and its occasional occurrence in families. 

Another theory implicates dietary or medicinal 
agents in pulmonary hypertension.”! A leguminous 
plant, Crotalaria spectabilis, indigenous to the tropics 
and subtropics and used medicinally in “bush tea,” 
causes pulmonary hypertension in animals. Well-docu- 
mented cases of pulmonary hypertension have been 
associated in Europe with the ingestion of the appetite 
depressant agent aminorex. In man it has been sug- 
gested that such substances may cause subtle injury to 
the endothelium, which then fails to inactivate the 
vasoconstrictor substances that may be brought to the 
lungs. Vasoconstriction would then cause pulmonary 
hypertension, as described earlier. 


MORPHOLOGY. A variety of vascular lesions occur in 
all forms of pulmonary hypertension, whether primary or 
secondary, but few are specific. The presence of many 
organizing or organized thrombi or the coexistence of diffuse 
pulmonary fibrosis favors secondary pulmonary hyperten- 
sion. The vessel changes involve the entire arterial tree from 
the main pulmonary arteries down to the arterioles. In the 
main elastic arteries, the changes take the form of athero- 
matous deposits resembling atherosclerosis in the systemic 
arteries. However, they are rarely as marked as those found 
in advanced cases of atherosclerosis of the systemic arteries 
and are not often calcified or ulcerated. The medium-sized 
muscular arteries have striking medial hypertrophy (Fig. 16— 
9). In milder cases, there are only intimal thickening and 
fibrosis and some adventitial fibrosis. In both medium- and 
small-sized arteries, the internal and external elastic mem- 
branes often undergo thickening and reduplication (Fig. 16— 
10). The arterioles and small arteries (40 to 300 ) are most 
prominently affected, with striking increases in the thickness 
of the media, sometimes narrowing the lumina to pinpoint 
channels. These changes are present in all forms of pul- 


monary vascular sclerosis, but are best developed in the 
primary form.22.2° A distinctive arteriolar lesion (referred to 
as the plexiform lesion) and consisting of cellular intralum- 
inal angiomatous tufts, is considered by some pathologists 
to be sufficiently diagnostic of primary hypertension to justify 
the designation “plexogenic pulmonary arteriopathy” for this 
disease. 


CLINICAL Course. Although secondary forms can 
occur at any age, primary pulmonary hypertension is 
most common in women of 20 to 40 years. Clinical signs 
and symptoms of both the primary and secondary forms 
of vascular sclerosis become evident only with advanced 
arterial disease. In cases of primary disease, the pre- 
senting features are dyspnea and fatigue, although oc- 
casionally syncopal attacks are the initial complaint. 
Some patients have chest pain of the anginal type and, 
indeed, develop severe respiratory distress and cy- 
anosis. In the course of time, right ventricular hyper- 
trophy occurs, and death from decompensated cor pul- 
monale usually ensues within two to eight years. 
However, continuous therapy with some of the more 
modern vasodilators appears to improve the outcome. 


ADULT RESPIRATORY DISTRESS 
SYNDROME (ARDS) 


Synonyms for ARDS include adult respiratory fail- 
ure, shock lung, diffuse alveolar damage (DAD), acute 
alveolar injury, and traumatic wet lungs. 

ARDS and its many synonyms are descriptive terms 
for a syndrome characterized clinically by the rapid 
onset of severe life-threatening respiratory insufficiency, 
tachycardia, cyanosis, and severe arterial hypoxemia 
that is refractory to oxygen therapy. In most patients 
there is evidence of severe pulmonary edema. Lung 
compliance is decreased, and chest radiographs usually 
show a diffuse alveolar infiltration.” 

The syndrome received particular attention during 
the Vietnam war as a complication of nonthoracic trauma 
with shock (hence the term shock lung), but it is now a 
well-recognized complication of numerous other condi- 
tions seen in nonmilitary medicine.» 7° The latter in- 
clude (1) septic shock; (2) shock associated with trauma, 
hemorrhagic pancreatitis, burns, and complicated ab- 
dominal surgery; (3) diffuse pulmonary infections, 
mostly viral; (4) oxygen toxicity; (5) inhalation of toxins 
and other irritants (e.g., nitrogen dioxide); (6) narcotic 
overdose; (7) hypersensitivity reactions to organic sol- 
vents; (8) cardiac surgery involving extracorporeal car- 
diac pumps; and (9) aspiration pneumonitis. In many 
cases, a combination of the above conditions—shock, 
oxygen therapy, and sepsis—is present.”’ 

PATHOGENESIS. Concept of Diffuse Alveolar Dam- 
age. ARDS is best viewed as the clinical and morpho- 
logic end result of acute alveolar injury caused by a 
variety of stimuli and probably initiated by different 
mechanisms. The initial and basic lesion is diffuse 
damage to the alveolar wall;'®* this is followed by a 
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Fig. 16-9 


rather nonspecific and usually predictable series of 
morphologic and physiologic alterations leading to res- 
piratory failure (Fig. 16-11A). There is some uncertainty 
whether the initial injury is to capillary endothelium, 
alveolar epithelium, or both. In the most severe cases, 
both endothelium and epithelium are clearly affected. 
Of interest is that Type I epithelial cells are more 
vulnerable to most types of injury than are Type II 
cells. Cellular damage leads to increased capillary 
permeability, interstitial and intra-alveolar edema, fibrin 
exudation, and the formation of hyaline membranes. 
What initiates endothelial or epithelial damage in 
these diverse conditions? The precise answer is un- 
known, but it seems likely that there is more than one 
initiating mechanism. For example, in toxicity induced 
by exposure to high concentrations (70 to 100%) of 
oxygen (oxygen toxicity), the injurious agents are almost 
certainly oxygen-derived free radicals (superoxide, hy- 
droxyl ion, singlet oxygen), which directly affect cell 
membranes. Such may also be the case in ARDS in- 
duced by other toxins, such as the weed killer paraquat. 
Indeed, experimental oxygen toxicity can mimic most 
of the morphologic and functional features of ARDS.?’ 
The most obscure mechanisms are those that initi- 
ate ARDS in septic shock or shock following trauma and 
burns. Currently, the evidence points to pulmonary 
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Fig. 16-10 

Figure 16—9. Pulmonary hypertension. Histologic detail of a thickened artery to illustrate medial 
hypertrophy. 
Figure 16-10. Pulmonary hypertension with an elastic tissue stain showing elastic thickening of 
intima and duplication of internal elastic membrane. 


intravascular aggregation of leukocytes, principally neu- 
trophils, as an important early event in the process. 
Infusion of E. coli endotoxin in experimental animals 
causes intrapulmonary leukocyte aggregation, pulmo- 
nary edema, and a syndrome analogous to ARDS.” A 
similar picture can be induced by injections of activated 
complement components (e.g., C5a) that cause leuko- 
cyte aggregation.*® Stimulated neutrophils secrete at 
least three classes of agents that may contribute to the 
alveolar injury: oxygen-derived free radicals, lysosomal 
enzymes, and products of arachidonic acid metabolism 
(see p. 51). The scenario that emerges*! is that ARDS 
may be initiated by complement activation, a known 
consequence of sepsis, endotoxin injection, trauma, 
cardiopulmonary bypass surgery, and other predisposing 
factors. This generates C5a, which induces leukocyte 
aggregation and activation in the lung. The liberated 
oxygen free radicals injure endothelium, causing in- 
creased permeability, and also probably epithelium, 
inducing alveolar edema. The liberated proteases de- 
stroy structural proteins, such as elastin and collagen.” 
In addition, as discussed in Chapter 2, neutrophil 
enzymes may further promote local injury by activating 
the kinin and clotting systems. Products of arachidonic 
acid metabolism, such as thromboxane, are thought to 
result in the pulmonary vasoconstriction that also char- 
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Figure 16-11. A, Pathogenesis of acute respiratory distress syndrome—a consequence of diffuse 
alveolar damage. B, Schematic representation of time course of evolution of diffuse alveolar damage. 
The times after injury (X-abscissa) vary considerably from patient to patient. (Modified from Katzen- 
stein, A-L.A., and Askin, F. B.: Surgical Pathology of Non-Neoplastic Lung Disease. Philadelphia, W. 


B. Saunders Co., 1982, p. 30.) 


acterizes ARDS.*! Additional mechanisms postulated to 
play secondary roles in ARDS include platelet aggre- 
gation and release of their vasoactive products and 
intravascular coagulation. 

The subsequent sequence of events is shown in 
Figure 16-11A. In addition to the congestion, edema, 
and fibrin deposition, the alveolar walls become lined 
with waxy hyaline membranes such as are seen in hyaline 
membrane disease of neonates (p. 482). Such mem- 
branes consist of protein-rich, fibrin-rich edema fluid 
admixed with the cytoplasmic and lipid remnants of 
necrotic epithelial cells; they always reflect substantial 
epithelial cel] injury. Loss of surfactant leads to atelec- 
tasis, and the combination of pulmonary edema and 
atelectasis result in the stiff (noncompliant) lung char- 
acteristic of ARDS. Subsequently, Type II epithelial 
cells undergo proliferation, in an attempt to regenerate 
the alveolar lining. There then is organization of the 
fibrin exudate, with resultant intra-alveolar fibrosis. 
Marked thickening of the alveolar septa ensues, caused 
by proliferation of interstitial cells and deposition of 
collagen. Not all patients follow this course. Recovery 
may take place at any stage, with resorption of the 


12, 33 


edema fluid and reexpansion of atelectatic areas. How- 
ever, the sequence leading from acute alveolar damage 
to fibrosis is an important one to keep in mind, as it 
also underlies most of the diffuse chronic interstitial 
diseases to be discussed later in this chapter.'* 7‘ 


MORPHOLOGY. In the acute exudative stage, the lungs 
are heavy, firm, red, and boggy. They exhibit congestion, 
interstitial and intra-alveolar edema and inflammation, fibrin 
deposition, necrosis of epithelial cells with formation of 
hyaline membranes, focal intra-alveolar hemorrhage, and 
patchy atelectasis (Fig. 16-118). In fatal cases there is 
usually terminal bronchopneumonia. In the later proliferative 
or organizing stages, alveolar spaces become lined by 
cuboidal or columnar Type II epithelial cells, and there are 
variable degrees of interstitial and intra-alveolar fibrosis and 
inflammation. 


CLINICAL CouRSE. Patients who develop ARDS are 
usually hospitalized for one of the predisposing condi- 
tions listed earlier, and initially have no pulmonary 
symptoms. ARDS is heralded by profound dyspnea and 
tachypnea, but the chest radiograph is initially normal. 
Subsequently there is increasing cyanosis and hypox- 


emia, respiratory failure, and the appearance of diffuse 
bilateral infiltrates on x-ray examination. Hypoxemia 
then becomes unresponsive to oxygen therapy, and 
respiratory acidosis develops. Progression from one 
phase to the next does not occur in all patients, and 
some recover completely. However, despite recent im- 
provements in supportive respiratory therapy, the mor- 
tality rate among the 150,000 cases seen yearly in the 
United States is still about 50%. 


OBSTRUCTIVE VS. RESTRICTIVE 
PULMONARY DISEASE 


Pulmonary physiologists have popularized the clas- 
sification of diffuse pulmonary diseases into two cate- 
gories: (1) obstructive disease (or airway disease), char- 
acterized by an increase in resistance to air flow due to 
partial or complete obstruction at any level—from the 
trachea and larger bronchi to the terminal and respira- 
tory bronchioles; and (2) restrictive disease, character- 
ized by reduced expansion of lung parenchyma, with a 
decreased total lung capacity. Although many pathologic 
conditions have both obstructive and restrictive com- 
ponents, distinction of the two patterns of pulmonary 
dysfunction has proved useful in correlating the results 
of pulmonary function tests with the radiologic appear- 
ance of the lungs and the histologic findings in individual 
patients. 

The major obstructive disorders (excluding tumor 
or inhalation of a foreign body) are emphysema, chronic 
bronchitis, bronchiectasis, and asthma. In patients with 
these diseases, pulmonary function tests show increased 
pulmonary resistance and limitation of maximal expira- 
tory flow rates during forced expiration. It is important 
to note that expiratory air flow obstruction may result 
either from anatomic airway narrowing, such as is most 
classically observed in asthma, or from loss of elastic 
recoil of the lung, which characteristically occurs in 
emphysema. 

In contrast, restrictive diseases are identified by a 
reduced total lung capacity. The restrictive defect occurs 
in two general conditions: (1) chest wall disorders in the 
presence of normal lungs (e.g., neuromuscular diseases 
such as poliomyelitis, severe obesity, pleural diseases, 
and kyphoscoliosis with abnormal architecture of the rib 
cage) and (2) interstitial and infiltrative diseases affecting 
primarily the alveoli. The classic acute infiltrative dis- 
ease is ARDS. Chronic restrictive diseases include the 
dust diseases or pneumoconioses, granulomatous dis- 
eases such as sarcoidosis, and most of the interstitial 
fibrosing conditions, to be discussed later (p. 742). 


CHRONIC OBSTRUCTIVE AIRWAY 
DISEASE (CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE) 


The terms chronic obstructive pulmonary disease 
(COPD) or chronic obstructive airway disease (COAD) 
refer to a group of conditions—emphysema, chronic 
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bronchitis, bronchial asthma, and bronchiectasis—that 
are accompanied by chronic or recurrent obstruction to 
air flow within the lung. Because of the increase in 
environmental pollutants, cigarette smoking, and other 
noxious exposures, the incidence of COPD has increased 
dramatically in the past two decades, and it now rep- 
resents one of the major causes of morbidity and mor- 
tality in the Western world. 


EMPHYSEMA 


The American Thoracic Society and most American 
experts define emphysema as a condition of the lung 
characterized by abnormal permanent enlargement of 
the air spaces distal to the terminal bronchiole, accom- 
panied by destruction of their walls.' ** Enlargement of 
air spaces unaccompanied by destruction is termed 
overinflation; for example, the distention of air spaces 
in the opposite lung following unilateral pneumonec- 
tomy would be termed compensatory overinflation 
rather than emphysema. The compelling reason for 
including the factor of destruction of the alveolar wall 
in this anatomic definition is that it corresponds more 
closely to the clinical syndrome of emphysema and can 
be recognized more easily by the pathologist. Most 
British authors, however, generally do not require tissue 
destruction in their definition of emphysema!!* and 
instead recognize two categories of the condition: (1) 
dilatation of air spaces alone and (2) dilatation with 
destruction. 

The relationship between chronic bronchitis and 
emphysema is complicated, but fortunately the use of 
precise definitions has helped bring some order to what 
was once chaos. The definition of emphysema, as we 
have seen, is a morphologic one. Chronic bronchitis, on 
the other hand, is a disease that is defined in clinical 
terms as the condition characterized by chronic or 
recurrent excess mucus secretion in the bronchial tree. 
Indeed, the precise definition of chronic bronchitis 
states that “the sputum must be produced on most days 
for at least three months of the year and for at least two 
years, 

Emphysema and chronic bronchitis are best viewed 
as a spectrum.* Some patients, e.g., those with alpha- 
l-antitrypsin deficiency, have almost pure emphysema 
with lungs full of enlarged air spaces caused by destruc- 
tion of alveolar walls. Others have virtually pure bron- 
chitis with abundant sputum production and no altera- 
tions in the airways that cause organic obstruction. For 
the middle of the spectrum, mixtures of the two are the 
rule, partly because the same pathogenetic mechanisms, 
e.g., cigarette smoking, are common to both. Although 
the clinical features and functional abnormalities in both 
conditions also overlap, it is often possible to distinguish 
between patients with predominant emphysema and 
those with predominant bronchitis,.as shown in Table 
16-1.*° 

TYPES OF EMPHYSEMA. Not only is emphysema 
defined in terms of the anatomic nature of the lesion, 
but it is also further classified according to its anatomic 
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Table 16-1. EMPHYSEMA AND CHRONIC BRONCHITIS 


Predominant 


THE RESPIRATORY SYSTEM 


Predominant 


Bronchitis Emphysema 
Appearance “Blue bloater” “Pink puffer” 
Age 40-45 50-75 
Dyspnea Mild; late Severe; early 
Cough Early; copious sputum Late; scanty sputum 
Infections Common Occasional 
Respiratory Repeated Terminal 
insufficiency 
Cor pulmonale Common Rare; terminal 
Airway resistance Increased Normal or slightly 
increased 
Elastic recoil Normal Low 
Chest radiograph Prominent vessels; Hyperinflation; small 
large heart heart 


distribution within the lobule.'* Recall that the lobule 
is a cluster of acini, the alveolated terminal respiratory 
units. Although the term emphysema is sometimes 
loosely applied to diverse conditions, there are four 
types: (1) centriacinar, (2) panacinar, (3) paraseptal, and 
(4) irregular. Of these, the first two are the most 
important clinically. 


Centriacinar (Centrilobular) Emphysema. The distinc- 
tive feature of this type of emphysema is the pattern of 
involvement of the lobules; the central or proximal parts 
of the acini, formed by respiratory bronchioles, are 
affected, while distal alveoli are spared (Fig. 16-12). 
Thus, both emphysematous and normal air spaces exist 
within the same acinus and lobule (Fig. 16—13). The lesions 
are more common and usually more severe in the upper 
lobes, particularly in the apical segments. The walls of the 
emphysematous spaces often contain large amounts of 
black pigment. Inflammation around bronchi and bronchioles 
and in the septa is common. In severe centriacinar emphy- 
sema, the distal acinus may be involved, and differentiation 
from panacinar emphysema becomes difficult. Further, cen- 
triacinar and panacinar emphysema may coexist in some 
patients. Mild degrees of centriacinar emphysema are com- 
mon at autopsy in the absence of a history of lung disease. 
In symptomatic patients, however, moderate-to-severe de- 
grees of emphysema occur predominantly in male smokers, 
often in association with chronic bronchitis. In addition, so- 
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Figure 16—12. In centriacinar (proximal acinar) emphysema, respi- 
ratory bronchioles are selectively and dominantly involved. Abbre- 
viations as in Figure 16—1. (From Thurlbeck, W. M.: Chronic Airflow 
Obstruction in Lung Disease. Philadelphia, W. B. Saunders Co., 
1976.) 


called coal workers’ pneumoconiosis (p. 431) bears a striking 
resemblance to centriacinar emphysema. These points sug- 
gest an important role for tobacco products and coal dust in 
the genesis of this type of emphysema. 

Panacinar (Panlobular) Emphysema. In this type the 
acini are uniformly enlarged from the level of the respi- 
ratory bronchiole to the terminal blind alveoli (Fig. 16- 
14). It is important to emphasize that the term pan refers to 
the entire acinus but not to the entire lung (Fig. 16-15). In 
contrast to centriacinar emphysema, panacinar emphysema 
tends to occur more commonly in the lower zones and in 
the anterior margins of the lung, and is usually most severe 
at the bases. Panacinar emphysema occurring by itself is 
not a common cause of chronic obstructive disease. How- 
ever, it is the type of emphysema associated with alpha-1- 
antitrypsin deficiency (p. 721). In addition, postobstructive 
emphysema is usually panacinar rather than centriacinar. 

Paraseptal (Distal Acinar) Emphysema. |n this type 
the proximal portion of the acinus is normal but the 
distal part is dominantly involved (Fig. 16-16). The em- 
physema is more striking adjacent to the pleura, along the 
lobular connective tissue septa, and at the margins of the 
lobules. This localization accounts for the synonymous labels 
for this condition: superficial, paraseptal, periacinar. It 
commonly occurs adjacent to areas of fibrosis, scarring, or 
atelectasis and is usually more severe in the upper half of 
the lungs. The characteristic findings are of multiple, contin- 
uous, enlarged air spaces from less than 0.5 mm to more 
than 2.0 cm in diameter, sometimes forming cystlike struc- 
tures. This type of emphysema probably underlies many of 
the cases of spontaneous pneumothorax in young adults’ 
(p. 759). 

Irregular Emphysema. Irregular emphysema, so 
named because the acinus is irregularly involved, is 
almost invariably associated with scarring (Fig. 16—17). 
Thus, it may be the most common form of emphysema, 
since careful search of most lungs at autopsy would show 
one or more scars. Adjacent to such scars there is usually 
irregular enlargement of acini accompanied by destructive 
changes. In most instances, these foci of irregular emphy- 
sema are asymptomatic. Extensive irregular emphysema 
occurs as a result of healing of tuberculosis, long-standing 
sarcoidosis, and other granulomatous diseases of the lung. 
Inflammatory scars are also frequent in the lungs of patients 
with chronic bronchitis;** these may cause irregular emphy- 
sema in addition to the centrilobular emphysema commonly 
found in patients with chronic bronchitis. Irregular emphy- 
sema is the only type of emphysema in which the pathogen- 
esis seems to be clear. It is thought that the adjacent scarring 
increases the elastic pull on the alveoli and that the bron- 
chiolar narrowing caused by fibrosis and inflammation results 
in air trapping, which may contribute to further distention of 
the alveoli and destruction of the walls. 


INCIDENCE. In considering the prevalence or inci- 
dence of emphysema, it must be remembered that it is 
an anatomic entity, that there are geographic differences 
in its incidence, and that there are subjective differences 
in interpretation of emphysematous changes at autopsy. 
Thurlbeck reports a 50% incidence of panacinar and 
centriacinar emphysema combined in the average au- 
topsy population. He considers the pulmonary disease 
to be responsible for the death of 6.5% of these patients.' 

Emphysema, especially the centriacinar type, is 
much more common and more severe in men than in 


Figure 16—13. A, Normal lung as viewed through a dissecting microscope after fixation in inflation: 
magnification x 10. B, Centriacinar emphysema: magnification x 5.1. The pulmonary arteries contain 
a barium-gelatin injection mass. S = septum; E = emphysematous foci. (From Bates, D. V., et al.: 
Respiratory Function in Disease. 2nd ed. Philadelphia, W. B. Saunders Co., 1971.) 
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Figure 16—14. In panlobular (panacinar) emphysema, the enlarge- 
ment and destruction of air spaces involve the acinus more or less 

SEPTUM uniformly. Abbreviations as in Figure 16-1. (From Thurlbeck, W. M.: 
Chronic Airflow Obstruction in Lung Disease. Philadelphia, W. B. 
Saunders Co., 1976.) 


Figure 16-15. A, Mild panacinar emphysema: magnification x 6. Compare with normal lung structure, 
as shown in Figure 16—-13A. B, Severe panacinar emphysema: magnification x 10. Compare with 
centriacinar pattern in Figure 16-13B. (From Bates, D. V., et al.: Respiratory Function in Disease. 
2nd ed. Philadelphia, W. B. Saunders Co., 1971.) 
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Figure 16-16. In paraseptal (distal acinar) emphysema, peripheral 
part of acinus (alveolar ducts and sacs) is dominantly or selectively 
involved. (From Thurlbeck, W. M.: Chronic Airflow Obstruction in 
Lung Disease. Philadelphia, W. B. Saunders Co., 1976.) 


women. There is clear-cut association between heavy 
cigarette smoking and emphysema, and the most severe 
type occurs in males who smoke heavily. Although 
emphysema does not become disabling until the fifth to 
eighth decades of life, it is well known clinically that 
ventilatory deficits may make their first appearance 
decades earlier in those destined to develop the full- 
blown disease.* Indeed, emphysematous changes were 
found in the lungs of teenagers dying of accidental 
causes, who had been exposed to environmental air 
pollution.*® Certain genetic and familial predispositions 
have been identified, as discussed below. 

Chronic obstructive pulmonary disease, including 
emphysema, is the most common form of pulmonary 
disease in man. Death rates are said to be doubling 
every five years, and today COPD is probably respon- 
sible for more deaths than carcinoma of the lung, ranking 
among the leading causes of death in the industrialized 
world. It is responsible for 7% of all disability payments 
by the Social Security Administration in the United 
States, exceeded only by heart disease with respect to 
economic cost. 

PATHOGENESIS. The genesis of the two common 
forms of emphysema—centriacinar and panacinar—is 
unsettled, and there is no reason why several etiologic 
and pathogenetic factors may not be involved. The three 
critical questions that need answers are: (1) what is the 
cause of alveolar wall destruction, the sine qua non of 
emphysema?; (2) what is the role of smoking or other 
pollutants in such destruction?; and (3) what is the 
relationship of emphysema to chronic bronchitis when 
both coexist? 


Figure 16-17. In irregular emphysema, acinus is irregularly in- 
volved. This form is often accompanied by scarring in lung. (From 
Thurlbeck, W. M.: Chronic Airflow Obstruction in Lung Disease. 
Philadelphia, W. B. Saunders Co., 1976.) 
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Whether chronic bronchitis (admittedly sometimes 
so mild as not to merit a clinical diagnosis) initiates the 
lesion in the air spaces or follows the development of 
emphysematous changes is a controversial issue. The 
oldest hypothesis holds that chronic bronchitis results 
in partial obstruction of the airways, particularly in the 
respiratory bronchioles, which then leads to air trap- 
ping, progressive overdistention of alveolar spaces, 
squeezing of septal capillaries, loss of blood supply, and 
secondary damage to alveolar walls.*° In this scenario, 
the initiating influences for airway inflammation may be 
air pollutants, particularly tobacco smoke. Secondary 
bacterial infection of the retained mucus secretions 
compounds the problem. Loss of the septal walls adds 
to the bronchial and bronchiolar narrowings, since the 
normal pulmonary substance is elastic and tends to 
maintain the patency of the airways. Thus, a vicious 
cycle is created in which partial obstruction leads to 
increased expiratory effort, which in turn induces fur- 
ther obstruction.” 

In support of this view, it is pointed out that 
emphysematous foci are often pigmented with carbon 
dust, particularly in centriacinar emphysema. Presum- 
ably, the coal dust and other noxious airborne. particles 
(silicates, trace metals, and organic residues) collect in 
the bronchioles and initiate the bronchiolitis, leading to 
the chain of events cited. As we shall see later, there is 
indeed evidence that bronchiolar alterations (small air- 
way disease, p. 725) may be the first manifestations of 
airway disease in heavy smokers. 

There is, however, a substantial amount of evidence 
that destruction of alveolar walls is the primary event. 
In some cases, no bronchitis can be found even on 
morphologic examination. Such instances are sometimes 
designated primary emphysema. Conversely, severe 
chronic bronchitis is not necessarily associated with 
emphysematous destruction.” So the question has been 
raised: Does the destructive process in the septal walls 
itself deprive the bronchioles and bronchi of their tissue 
support, leading in turn to narrowing, mucus retention, 
secondary infection, and development of chronic bron- 
chitis and bronchiolitis? If the emphysematous changes 
are indeed primary, what are the possible mechanisms 
of alveolar wall destruction? It is regarding this last 
issue that the discovery of the association of a genetic 
condition—alpha-l-antitrypsin deficiency—with em- 
physema has made the most significant impact on our 
understanding of the pathogenesis of emphysema. 

The Protease-Antiprotease Hypothesis (The Enzyme 
Inhibitor Hypothesis). In 1963, Laurell and Eriksson 
called attention to a hereditary deficiency of serum 
alpha-1-globulin in certain families with a high incidence 
of emphysema.* The alpha-l-globulin fraction was 
shown to be a potent inhibitor of proteinases, especially 
of trypsin; these families had markedly diminished an- 
titryptic serum activity, and thus the condition became 
known as alpha-l-antitrypsin (a1-AT) deficiency. a1-AT 
is encoded by two independent alleles at a single locus, 
resulting in an autosomal codominant mode of inheri- 
tance. Patients with very low levels of enzyme activity 
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are homozygotes, whereas those with intermediate lev- 
els are heterozygotes.“* There are multiple molecular 
variants of al-AT, determined by at least 25 alleles on 
the Pi (proteinase inhibitor) locus. The common normal 
allele is PiM, and the normal Pi type is homozygous 
MM. The most common variant with al-AT deficiency 
in the U.S. and Europe is PiZ; in the U.S., about one 
in every 3630 subjects is homozygous PiZZ, and 2 to 
5% are heterozygous PiMZ. 

The homozygous PiZZ state confers a greatly en- 
hanced susceptibility to pulmonary emphysema, which 
is compounded by smoking. Thus, 60 to 75% of non- 
smokers and up to 95% of homozygous smokers develop 
chronic lung disease. In these individuals the disease is 
characteristically of early onset, usually becoming evi- 
dent before the fourth decade. The emphysema tends 
to be severe and panacinar, with accentuation in the 
lower lobes. Whether heterozygotes with intermediate 
levels of a1-AT are also at increased risk is a matter of 
controversy.* In some studies, cigarette smoking sig- 
nificantly increases the susceptibility of heterozygotes 
to the development of COPD. 

The discovery of al-AT deficiency, followed by the 
demonstration that intratracheal administration of the 
proteolytic enzyme papain causes emphysema in exper- 
imental animals, eventually led to the so-called protease- 
antiprotease theory of emphysema, for which there is 
now considerable support (Fig. 16—18).4°* The theory 
holds that alveolar wall destruction results from an 
imbalance between proteases (mainly elastases), and 
antiproteases in the lung. Anything that decreases an- 
tielastase or increases elastase tips the balance in favor 
of proteolytic destruction of elastin, and the formation 
of emphysema. The principal antielastase activity in 
serum and interstitial tissue is al-AT (other protease 
inhibitors are serum al-macroglobulin and inhibitors in 
bronchial mucus), and the principal endogenous elastase 
activity is derived from neutrophils (other elastases are 
formed by macrophages, pancreas, and bacteria). Neu- 
trophil elastase is capable of digesting human lung, and 
this digestion can be inhibited by a1-AT. Such elastase 
induces emphysema when instilled into the trachea of 
experimental animals.*° Thus, the following sequence is 
postulated to explain the effect of a1-AT deficiency on 
the lung: neutrophils are normally sequestered in the 
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Figure 16-18. Protease antiprotease mechanism of emphysema. 
PMN = polymorphonuclear leukocytes; Mac = alveolar macro- 
phages. 


lung (more in the lower zones than in the upper) and a 
few gain access to the alveolar space. Any stimulus that 
increases either the number of leukocytes in the lung 
or the release of their elastase-containing granules will 
increase elastolytic activity. Stimulated neutrophils also 
release oxygen-free radicals, which as we have seen (p. 
58) inhibit al-AT activity. With low levels of serum al- 
AT, the process of elastic tissue destruction is un- 
checked, with consequent emphysema. Thus, emphy- 
sema is seen to result from the destructive effects of 
high protease activity in subjects with low antiprotease 
activity. 

The protease-antiprotease hypothesis also explains 
the deleterious effect of cigarette smoking, since both 
increased elastase availability and decreased antielastase 
activity occur in smokers (Fig. 16-18).***° Smokers have 
greater numbers of neutrophils within their alveolar 
fluid, and smoke condensates stimulate neutrophils to 
release their elastase in vitro. The recruitment of neu- 
trophils into the lung appears to occur, at least in part, 
by the release from activated alveolar macrophages of a 
neutrophil chemotactic factor, this release being stim- 
ulated by smoking.*? Smoking also enhances elastase 
activity in macrophages; macrophage elastase is not 
inhibited by al-AT, and indeed can proteolytically 
digest this enzyme.*! Decreased antielastase activity in 
smokers results from the inhibition of elastolytic activity 
of al-AT by oxidants in cigarette smoke, and by the 
oxygen-derived free radicals secreted by neutrophils 
and macrophages when these cells are stimulated by 
smoke. It has thus been suggested that impaction of 
smoke particles in the small bronchi and bronchioles, 
with the resultant influx of neutrophils and macro- 
phages, increased elastase and decreased a1-AT activity, 
cause the centriacinar emphysema seen in smokers, as 
contrasted with the panacinar emphysema of patients 
with generalized a1-AT deficiency. These concepts also 
explain the additive influence of smoking and al-AT 
deficiency in inducing serious obstructive airway dis- 
ease. 

Although there are still numerous gaps in our 
knowledge of the pathogenesis of emphysema, the basic 
observations on the protease-antiprotease events are 
sufficiently well established to have stimulated explo- 
ration of therapeutic measures, either by al-AT replace- 
ment or by the administration of synthetic elastase 
inhibitors. 


MORPHOLOGY. Important criteria for the diagnosis and 
Classification of the emphysemas are derived from the naked 
eye (or hand lens) examination of 2 mm-—thick whole slices 
(Gough sections) of lungs fixed in a state of inflation. More 
detailed microscopic examination is necessary to visualize 
the abnormal fenestrations in the walls of the alveoli, the 
complete destruction of septal walls, and the distribution of 
damage within the pulmonary lobule. These septal changes 
are found in the walls of respiratory bronchioles, alveolar 
ducts, and alveolar spaces. Enlargement of defects or coa- 
lescence of multiple adjacent ones can result in destruction 
of an entire septum, perhaps leaving only a strand of residual 
tissue, usually harboring a small blood vessel. In microscopic 
section, such a strand will appear as a “free-floating” island 


of tissue. With advance of the disease, adjacent alveoli fuse 
to produce even larger abnormal air spaces and possibly 
blebs or bullae. Often the respiratory bronchioles and vas- 
culature of the lung are deformed and compressed by the 
emphysematous distortion of the air spaces (Fig. 16—19), 
and, as mentioned, there may or may not be evidence of 
bronchitis or bronchiolitis. 

The differentiation of centriacinar from panacinar 
emphysema is made on the basis of the distribution of 
the septal destruction within the pulmonary lobule. As 
mentioned, in centriacinar emphysema, the central air 
spaces are primarily involved and the peripheral alveoli are 
generally spared and are essentially normal. In contrast, in 
panacinar emphysema, there is total involvement of the 
entire lobule. In both major forms of this disorder, there is 
remarkably little evidence of inflammatory change within the 
affected septa or air spaces. 

The gross appearance of emphysematous disease de- 
pends on the form of emphysema and its severity. Panacinar 
emphysema, when well developed, produces voluminous 
lungs, often overlapping the heart and hiding it when the 
anterior chest wall is removed. The pulmonary tissue is 
diffusely hypercrepitant and pillowy to palpation, and the 
involvement usually extends out to the pleural surfaces. The 
emphysematous lobes are uniformly pale, owing to compres- 
sion of the blood supply. The macroscopic features of 
centriacinar emphysema are less impressive. The lungs may 
not appear particularly pale or voluminous unless the disease 
is well advanced. Generally, the upper two-thirds of the 
lungs are more severely affected. The lesions become 
evident only on sectioning of the lung, since usually a narrow 


Figure 16-19. Panacinar emphysema in high-power detail, illus- 
trating avascularity of septa. 
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blebs or bullae are more characteristic of irregular emphy- 
sema secondary to scarring. 
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CLINICAL Course. The clinical manifestations of 
emphysema do not appear until at least one-third of the 
functioning pulmonary parenchyma is incapacitated. 
The panacinar form tends to be the most disabling 
because all alveoli are more or less affected. Dyspnea is 
usually the first symptom and may appear with or 
without significant cough. In some patients, cough or 
wheezing is the chief complaint, easily confused with 
asthma. Typically, the dyspnea begins insidiously but is 
steadily progressive. Cough and expectoration are ex- 
tremely variable and depend on the extent and severity 
of the associated bronchitis. Weight loss is common and 
may be so severe as to suggest a hidden malignant 
tumor. The physical findings are also variable. Classi- 
cally, the patient is barrel-chested and dyspneic, with 
obviously prolonged expiration, and sits forward in a 
hunched-over position, attempting to squeeze the air 
out of his lungs with each expiratory effort. These 
unfortunates have a pinched face and breathe through 
pursed lips. Hyperresonance related to the emphyse- 
matous changes may be present but is unreliable as a 
diagnostic finding, since it is also caused by simple 
hyperinflation without the destructive changes of em- 
physema. Similarly, chest films showing large, translu- 
cent lungs with low, flattened diaphragms are not di- 
agnostic. The only reliable and consistently present 
finding on physical examination is slowing of forced 
expiration. A variety of other physiologic abnormalities 
can be demonstrated, as detailed in textbooks on pul- 
monary disease. 

The differentiation of chronic airway disease origi- 
nating in chronic bronchitis from that due to emphysema 
may be a difficult clinical problem requiring a variety 
of diagnostic procedures. At the risk of oversimplifica- 
tion: with severe anatomic emphysema, cough is often 
slight, overdistention is severe, diffusing capacity is low, 
and blood gases are relatively normal. Such patients 
may overventilate and remain well oxygenated, and 
therefore are euphoniously if somewhat ingloriously 
designated as “pink puffers” (Table 16-1). Patients with 
chronic bronchitis more often have a history of recurrent 
acute inflammatory episodes, persistent abundant pu- 
rulent sputum, hypercapnia, and severe hypoxemia, 
prompting the equally inglorious designation of “blue 
bloaters.” A hazard in severe emphysema, in addition 
to the respiratory difficulties, is the development of cor 
pulmonale and eventual congestive heart failure. Death 
of most of these patients is due to (1) right-sided heart 
failure, (2) respiratory acidosis and coma, and (3) massive 
collapse of the lungs secondary to pneumothorax. 

OTHER TYPES OF EMPHYSEMA. Now we come to 
some of the less stringent usages of the term “emphy- 
sema and to some closely related conditions. 

Compensatory Emphysema. This term is sometimes 
used to designate dilatation of alveoli in response to loss 
of lung substance elsewhere. It is best exemplified in 
the hyperexpansion of the residual lung parenchyma 
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that follows surgical removal of a diseased lung or lobe. 
In most instances, this constitutes compensatory hyper- 


inflation, since there is no accompanying destruction of 


septal walls. 

Senile Emphysema. Senile emphysema refers to the 
overdistended, sometimes voluminous lungs found in 
the aged. This is a misnomer, because actual morpho- 
metric studies have shown that the alveolar surface area 
decreases progressively after age 30, at the rate of about 
4% each decade. Nevertheless, the lung appears over- 
inflated on histologic sections and grossly. This apparent 
discrepancy is explained by the fact that alveolar ducts 
and respiratory bronchioles enlurge with age, whereas 
the alveoli proper become shallower and smaller. The 
latter is probably due to loss of the alveolar capillary 
bed. At any rate, there is alteration of the internal 
geometry of the lung—larger alveolar ducts and smaller 
alveoli.! Primary functional changes consist of increased 
compliance and decreased elasticity, but careful analyses 
have failed to disclose any significant quantitative loss 
of elastic tissue, even in advanced age. Changes in the 
skeletal system (especially the spinal colunin) of the 
elderly probably also play a role in the lung alterations 
of senile emphysema. Displacement of the rib cage 
results in an increase in anteroposterior diameter of the 
chest (barrel chest). This increases the negative intra- 
pleural pressure and the pull on the lungs, leading to a 
form of compensatory hyperinflation. Since there is no 
destruction of lung substance, and the respiratory deficit 
is usually minimal, a better designation for such aging 
lungs would be senile hyperinflation. 

Obstructive Overinflation. Obstructive overinfla- 
tion refers to the condition in which the lung expands 
because air is trapped within it. A common cause is 
subtotal obstruction by a tumor or foreign object. A 


classic example is congenital lobar overinflation of 


infants. This is a congenital anomaly, probably due to 
hypoplasia of bronchial cartilage, and is sometimes 
associated with other congenital cardiac and lung ab- 
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Figure 16—20. Bullous emphysema with large apical and 


normalities. It can be a life-threatening emergency, 
since the affected portion extends sufficiently to com- 
press the remaining normal lung. Overinflation in ob- 
structive lesions occurs either (1) because of a ball-valve 
action of the obstructive agent, so that air enters on 
inspiration but cannot leave on expiration; or (2) because 
the bronchus may be totally obstructed, but ventilation 
through “collaterals” may bring in air from behind the 
obstruction. These collaterals are represented by the 
pores of Kohn and other direct accessory bronchioloal- 
veolar connections (the canals of Lambert). 

Bullous Emphysema. Bullous emphysema refers 
merely to any form of emphysema that produces large 
subpleural blebs or bullae. Bullae are defined as em- 
physematous spaces more than 1 cm in diameter in the 
distended state (Fig. 16-20). They represent localized 
accentuations of one of the four forms of emphysema, 
are most often subpleural, and occur near the apex, 
sometimes in relation to old tuberculous scarring. They 
result from progressive destruction of septal walls, which 
floods over to encompass many contiguous pulmonary 
lobules. Occasionally, they are present with minimal 
widespread emphysema. Insufficient lung substance is 
affected to induce increased resistance to air flow, but 
on occasion rupture of the bullae may give rise to 
pneumothorax (p. 759). Radiologically, bullae appear as 
avascular translucent areas that may be demarcated by 
a white line. 

Interstitial Emphysema. The entrance of air into the 
connective tissue stroma of the lung, mediastinum, or 
subcutaneous tissue is designated interstitial emphy- 
sema. Interstitial emphysema is distinct, both anatomi- 
cally and clinically, from the forms of pulmonary em- 
physema previously described. In most instances, 
alveolar tears in pulmonary emphysema provide the 
avenue of entrance of air into the stroma of the lung, 
but rarely a wound of the chest that sucks air or a 
fractured rib that punctures the lung substance may 
underlie this disorder. Alveolar tears usually occur when 
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marginal subpleural bullae (arrows). 


there is a combination of coughing plus some bronchiolar 
obstruction, producing sharply increased pressures 
within the alveolar sacs. Children with whooping cough 
and bronchitis, adults with diphtheritic membranes, 
instances of obstruction to the airways (by blood clots, 
tissue, or foreign bodies), and individuals who suddenly 
inhale irritant gases are classic examples. Instrumenta- 
tion of the airways, artificial resuscitation, and positive- 
pressure anesthesia are less common antecedents. 

In all these circumstances, the tear is presumably 
widened by dilatation of the full inhalatory effort, but 
as the lung collapses in expiration, the tear closes and 
blocks the escape of air. In this pumplike fashion, there 
is progressive accumulation of air that dissects through 
the fibrous connective tissue of the alveolar walls and 
into and along the fibrous septa of the lung to reach the 
mediastinum, and thence possibly the subcutaneous 
tissues. If the collection of air is small, it usually has no 
clinical importance. However, extensive insufflation of 
the lung may encroach upon the small blood vessels to 
create serious impairment of blood flow through the 
lungs. These patients may therefore have marked res- 
piratory difficulty and severe cyanosis, occasionally ter- 
minating in death. When the interstitial air treks into 
the subcutaneous tissues, the patient may literally swell 
up into an alarming, although usually harmless, “Mich- 
elin tire-ad” appearance, with marked swelling of the 
head and neck and crackling crepitation all over the 
chest. In most instances such air is resorbed promptly 
as soon as the point of entrance is sealed. 


CHRONIC BRONCHITIS 


This disorder, so common among habitual smokers 
and inhabitants of smog-laden cities, is not nearly so 
trivial as was once thought. When persistent for years, 
it may (1) cause chronic obstructive airway disease, as 
discussed earlier; (2) lead to cor pulmonale and heart 
failure; and (3) cause atypical metaplasia and dysplasia 
of the respiratory epithelium, providing a possible soil 
for cancerous transformation. The widely accepted def- 
inition of chronic bronchitis is the clinical one—chronic 
bronchitis is present in any patient who has persistent 
cough with sputum production for at least three months 
in at least two consecutive years. The condition can be 
further characterized as simple chronic bronchitis, in 
which the sputum is mucoid and uninfected; mucopu- 
rulent chronic bronchitis; and obstructive chronic bron- 
chitis, in which there is physiologic evidence of airway 
obstruction. Both sexes and all ages may be affected, 
but it is most frequent in middle-aged men. Ten to 25% 
of the urban adult population may have chronic bron- 
chitis;! country dwellers have a lower incidence. 

PATHOGENESIS. Two sets of factors are important 
in the genesis of chronic bronchitis: (1) chronic irritation 
by inhaled substances and (2) microbiologic infections. 
Cigarette smoking remains the paramount influence. 
Chronic bronchitis is four to ten times more common 
in heavy smokers irrespective of age, sex, occupation, 
and place of dwelling. 
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The hallmark and earliest feature of chronic bron- 
chitis is hypersecretion of mucus,*’ which starts in the 
large airways and is associated with hypertrophy of the 
submucosal glands in the trachea and bronchi. These 
changes contribute to excessive mucus production but 
not to airway obstruction. As chronic bronchitis persists, 
there is also an increase in the number of goblet cells 
in the surface epithelium of large bronchi, and, more 
important, a marked increase in goblet cells of small 
airways—small bronchi and bronchioles. It is this ex- 
cessive mucus production by goblet cells in small air- 
ways that contributes to airway obstruction. It is thought 
that both the submucosal gland hypertrophy arid the 
increase in goblet cells are caused by tobacco smoke or 
other pollutants (for example, sulfur dioxide, nitrogen 
dioxide); similar changes can be produced experimen- 
tally by inhalation of a variety of irritants. Submucosal 
glands are under vagal control, and both pilocarpine 
and isoproterenol increase the size of submucous glands 
and the number of goblet cells experimentally. It is thus 
possible that airway irritants cause mucus hypersecre- 
tion by stimulation of neurohormonal pathways.” 

Concept of Small Airway Disease. Although mucus 
hypersecretion in large airways is the cause of sputum 
production in chronic bronchitis, it is now thought that 
alterations in the small airways of the lung (small 
bronchi and bronchioles, less than 2 to 3 mm in di- 
ameter) are the physiologically important and perhaps 
earliest manifestations of chronic airway obstruc- 
tion.**** These airways are in a critical position, forming 
the connecting link between the air-conducting system 
of bronchi and the air-exchanging alveoli. However, 
under normal conditions the total resistance of these 
airways is so small that it contributes little to overall 
airway resistance. Thus, half the bronchioles of this size 
could close in random fashion without increasing by 
more than 15% the overall resistance measurable at the 
mouth by standard pulmonary function tests.°’ How- 
ever, specialized physiologic techniques, such as the so- 
called closing volume test, can reliably detect small- 
airway dysfunction, and such tests have shown distinct 
abnormalities in young smokers before the development 
of overt symptoms of respiratory obstruction. Histologic 
studies in the lungs of such young smokers disclose 
goblet cell metaplasia with mucous plugging of the 
bronchiolar lumen; clustering of pigmented alveolar 
macrophages; inflammatory infiltration; and (in a some- 
what older group of patients) fibrosis of the bronchiolar 
wall.** °° In one study there was good correlation be- 
tween the structural changes in small airways and pul- 
monary function tests for small-airway obstruction. It is 
thus postulated that this respiratory bronchiolitis is the 
precursor of chronic obstructive airway changes. Of 
interest is that many of these alterations, such as intra- 
bronchial mucous plugging and inflammation, are po- 
tentially reversible.™ °° Thus, the underlying pathologic 
process, if detected, can be either modified or reversed 
before the classic symptoms of chronic obstructive dis- 
ease appear. 

The role of infection appears to be secondary. It is 
not responsible for the initiation of chronic bronchitis, 
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but is probably significant in maintaining it and may be 
critical in producing the acute exacerbations. The most 
common bacteria recovered are Hemophilus influenzae, 
the pneumococci, and Streptococcus viridans. Cigarette 
smoke probably predisposes to infection in more than 
one way: it interferes with ciliary action of the respira- 
tory epithelium, may cause direct damage to airway 
epithelium, and inhibits the ability of bronchial and 
alveolar leukocytes to clear bacteria. Viruses such as 
adenovirus and respiratory syncytial rhinovirus can also 
cause exacerbations of chronic bronchitis. 

Following a review of the pathogenesis of both 
emphysema and chronic bronchitis, reference should be 
made to Figure 16-21, which attempts to follow the 
evolution of both conditions into chronic obstructive 
airways disease. 


MORPHOLOGY. Grossly, there may be hyperemia, 
swelling, and bogginess of the mucous membranes, fre- 
quently accompanied by excessive mucinous to mucopuru- 
lent secretions layering the epithelial surfaces. Sometimes, 
heavy casts of secretion and pus fill the bronchi and bron- 
chiales. 

The characteristic histologic feature of chronic bronchitis 
is enlargement of the mucus-secreting glands of the trachea 
and bronchi. Although goblet cells increase slightly, the 
major increase is in the size of the mucous glands (Fig. 
16-22). This increase can be assessed by the ratio of the 
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relative thickness of the mucous gland layer compared with 
the thickness of the wall between the epithelium and the 
cartilage (Reid index). The Reid index is increased in chronic 
bronchitis usually in proportion to the severity and duration 
of the disease.*” The bronchial epithelium may exhibit squa- 
mous metaplasia and dysplasia. The changes in small 
bronchi and bronchioles have received particular attention. 
Morphometric studies clearly show a marked narrowing of 
these airways caused by goblet cell metaplasia, mucous 
plugging, inflammation, and fibrosis. In the most Severe 
cases there may be obliteration of lumina (bronchiolitis 
fibrosa obliterans). As discussed earlier, these bronchiolar 
changes probably account for the obstructive features in 
bronchitic patients. 


The clinical sine qua non of chronic bronchitis is a 
persistent cough productive of copious sputum. For 
many years, no other respiratory functional impairment 
is present, but eventually dyspnea on exertion develops. 
With the passage of time, COPD may appear, accom- 
panied by hypercapnia, hypoxemia, and mild cyanosis. 
Differentiation of this form of obstructive lung disease 
from that associated with emphysema can be made in 
the classic case (Table 16-1), but, as mentioned, many 
such patients have both conditions. Long-standing se- 
vere chronic bronchitis commonly leads to cor pulmo- 
nale and possible cardiac failure. Death may also result 
from further impairment of respiratory function incident 
to acute intercurrent bacterial infections. 
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Figure 16-21. Schematic representation of evolution of chronic bronchitis (left) and of emphysema 
(right). Although both can culminate in chronic bronchitis and emphysema, the pathways are different, 
and either one may predominate. Dashed arrows on left indicate that, in the natural history of chronic 
bronchitis, it is not known whether there is a predictable progression from obstruction in small airways 
to chronic (obstructive) bronchitis. (From Fishman, A. P.: The spectrum of chronic obstructive disease 
of the airways. /n Fishman, A. P. (ed.): Pulmonary Diseases and Disorders. New York, McGraw-Hill 
Book Co., 1980, p. 463. Copyright © 1980 by McGraw-Hill, Inc. Used by permission of McGraw-Hill 


Book Company.) 


Figure 16—22. Chronic bronchitis. Lumen of bronchus is above. 
Note slight desquamation of mucosal epithelial cells and marked 
thickening of mucous gland layer (approximately twice normal). 
Vascular congestion is evident. 


BRONCHIAL ASTHMA 


Asthma is a disease characterized by increased 
irritability of the tracheobronchial tree, potentiating 
paroxysmal narrowing of the bronchial airways, which 
may reverse spontaneously or as a result of treatment. 

It is a particularly distressing disease because those 
afflicted unpredictably experience disabling attacks of 
severe dyspnea and wheezing triggered by sudden 
episodes of bronchospasm. Between the attacks patients 
may be virtually asymptomatic, but in some individuals 
chronic bronchitis or cor pulmonale often supervenes. 
Rarely, a state of unremitting attacks (status asthmati- 
cus) proves fatal; usually such unfortunate patients have 
had a long history of asthma. In some cases, the attacks 
are triggered by exposure to an allergen to which the 
patient has previously been sensitized, but often no 
clear evidence of an allergic trigger can be identified. 

TYPES AND PATHOGENESIS. Asthma has tradition- 
ally been divided into two basic types—extrinsic (al- 
lergic, reagin-mediated, atopic) and intrinsic (idiosyn- 
cratic)—to which was added a third, mixed pattern in 
which both intrinsic and extrinsic factors are operative. 
However, it is probably more useful to classify the types 
of asthma according to the principal stimuli that provoke 
the attacks. The listing of the various groups shown in 
Table 16-2 presents the precipitating factors and the 
possible mechanisms involved in each group.™ 
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Table 16-2. TYPES OF ASTHMA 


Mechanism or 
Immunologic 
Reaction 


Precipitating 


Types of Asthma Factors* 


Atopic (allergic) Specific allergens Type | (IgE) immune 


reaction 
Nonreaginic Respiratory tract Unknown; 
infection hyperreactive 
airways 
Aspirin sensitive Aspirin Decreased 
prostaglandins, 
increased 
leukotrienes 
Occupational Chemical challenge Types | and Ill 
immune reactions 
Allergic Antigen (spores) Types | and Il 
bronchopulmonary challenge immune reactions 
aspergillosis 


*All types may be precipitated by cold, stress, exercise. All have hypereactive 
airways. 


The largest group is so-called atopic or allergic 
asthma. In these patients the disease is triggered by 
environmental antigens such as dusts, pollens, animal 
dander, and foods, but potentially any antigen is impli- 
cated. A positive family history of atopy is common, and 
asthmatic attacks are often preceded by allergic rhinitis, 
urticaria, or eczema. Serum IgE levels are usually 
elevated. A skin test with the offending antigen results 
in an immediate wheal-and-flare reaction, and it is now 
clear that this type of asthma is a classic example of 
Type I IgE-mediated hypersensitivity reaction.*' You 
will recall that exposure of presensitized IgE-coated 
mast cells to the same or cross-reacting antigen stimu- 
lates the release of chemical mediators from these cells. 
In the case of airborne antigens, the reaction occurs 
first on sensitized mast cells on the mucosal surface; the 
resultant mediator release opens the mucosal intercel- 
lular tight junctions, and enhances penetration of anti- 
gen to the more numerous submucosal mast cells. In 
addition, direct stimulation of subepithelial vagal (para- 
sympathetic) receptors provokes reflex bronchoconstric- 
tion. As detailed on page 163, the mediators of IgE- 
triggered reactions include both primary and secondary 
mediators. Of the primary mediators, histamine causes 
bronchoconstriction by direct and cholinergic reflex 
actions, increases venular permeability, and increases 
bronchial secretions. It is probably important in the first 
few minutes of an asthmatic attack. Eosinophilic (ECF- 
A) and neutrophilic (NCF) chemotactic factors selec- 
tively attract eosinophils and neutrophils. The secondary 
mediators include (1) leukotriene C,, D,, and E,,° © 
extremely potent mediators that cause prolonged bron- 
choconstriction as well as increased vascular permeabil- 
ity; (2) prostaglandin D, (PGD,), which elicits bron- 
choconstriction and _ vasodilation; and (3) platelet 
activating factor (PAF), the acetyl glycery] ether phos- 
phocholine (AGEPC), which causes aggregation of plate- 
lets and release of histamine and serotonin from their 
granules. In addition, PAF has direct vasomotor and 
other inflammatory effects (p. 57). 

It is now thought that these mediators produce an 
intense local bronchoconstriction and increased perme- 
ability, followed by a phase of chronic reactivity. The 
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recruitment of platelets, leukocytes, and eosinophils by 
the chemotactic factors, and of humoral substances 
caused by the increased permeability, set the scene for 
further inflammatory responses after the initial IgE- 
mediated response. 

The second large group is the nonatopic or nonrea- 
ginic variety of asthma, which is most frequently trig- 
gered by respiratory tract infection. Viruses (e.g., rhi- 
novirus, parainfluenza virus) rather than bacteria are 
the most common provokers. A positive family history 
is uncommon, serum IgE levels are normal, and there 
are no other associated allergies. In these patients, skin 
tests are usually negative, and although hypersensitivity 
to microbial antigens may play a role, present theories 
place more stress on hyperirritability of the bronchial 
tree. It is thought that virus-induced inflammation of 
the respiratory mucosa lowers the threshold of the 
subepithelial vagal receptors to irritants, possibly by 
opening the mucosal tight junctions. 

Aspirin-sensitive asthma is a rather fascinating type 
occurring in patients with recurrent rhinitis and nasal 
polyps. These individuals are exquisitely sensitive to 
very small doses of aspirin, and experience not only 
asthmatic attacks but also urticaria. It is probable that 
aspirin triggers asthma in these patients by inhibiting 
the cyclooxygenase pathway of arachidonic acid metab- 
olism without affecting the lipoxygenase route, thus 
tipping the balance toward elaboration of the broncho- 
constrictor leukotrienes (see Fig. 2-13, p. 55). 

Occupational asthma is stimulated by fumes (epoxy 
resins, plastics), organic and chemical dusts (wood, 
cotton, platinum), gases (toluene), and other chemicals 
(formaldehyde, penicillin products).** Very minute 
quantities of chemicals are required to induce the attack, 
which usually occurs after repeated exposure. The 
mechanisms vary according to stimulus and include 
Type I IgE-mediated reactions, Type III] immune com- 
plex responses, direct toxic reactions, and hypersensi- 
tivity responses of unknown origin. 

Allergic bronchopulmonary aspergillosis® is a spe- 
cial but well-studied type of asthma caused bv the spores 
of Aspergillus fumigatus. When challenged with antigen 
intradermally or by inhalation, these patients develop 
both an immediate Type I IgE-induced reaction and a 
four- to six-hour Type III IgG-mediated response. It is 
thus thought that Aspergillus-induced, IgE-mediated 
mast cell degranulation causes bronchoconstriction and 
increased vascular permeability. The latter allows anti- 
Aspergillus antibodies to enter bronchi, combine with 
antigen, form immune complexes, and trigger inflam- 
mation and pulmonary damage. 

Asthma can also be precipitated by cold, exercise, 
and emotional stress, but it is likely that these are 
nonspecific factors producing a spasm in bronchi that 
have been rendered hyperirritable by allergy or infec- 
tion. Indeed, an important feature of patients with 
asthma of all types—immunologic or otherwise—is the 
hyperreactivity of the airways to nonspecific irritants 
and bronchoconstrictor agents. The airways of asthmat- 
ics, for example, become obstructed after inhalation of 


histamine at under 1/100th of the concentration required 
to cause bronchoconstriction in normals. Several ex- 
planations have been advanced to explain such hyper- 
irritability, including a decrease in the firing threshold 
of vagal (cholinergic, bronchoconstrictor) receptors in 
the subepithelial layer, or conversely an insensitivity to 
beta-adrenergic (bronchodilator) stimulation. Neither of 
these explanations accounts for all the findings in asth- 
matic patients and so the search goes on. 

The role of eosinophils in asthma deserves brief 
mention. These cells are attracted by chemotactic factors 
(ECF-A) released by mast cells, and apparently serve 
to inhibit the allergic reaction by releasing enzymes 
capable of inactivating histamine and leukotrienes. Eo- 
sinophils also release the basic major protein (MBP) of 
their granules, and MBP has been shown to be toxic to 
respiratory epithelium and to accumulate in the lungs 
and sputum of patients with asthma. ® 


MORPHOLOGY. The morphologic changes in asthma 
have been described principally in patients dying of status 
asthmaticus, but it appears that the pathology in nonfatal 
cases is similar. Grossly, the lungs are overdistended be- 
cause of overinflation, and there may be small areas of 
atelectasis. The most striking macroscopic finding is 
occlusion of bronchi and bronchioles by thick, tena- 
cious mucous plugs. About 20% of patients also have 
small areas of saccular bronchiectasis, most commonly in 
the upper lobe. Histologically, the mucous plugs contain 
whorls of shed epithelium, which give rise to the well-known 
Curschmann’s spirals. Numerous eosinophils and Char- 
cot-Leyden crystals are present; the latter are collections 
of crystalloids made up of eosinophil membrane protein. The 
other characteristic histologic findings of asthma include (1) 
thickening of the basement membrane of bronchial epithe- 
lium; (2) edema and an inflammatory infiltrate in the bronchial 
walls, with prominence of eosinophils, which form 5 to 50% 
of the cellular infiltrate; (3) an increase in size of the 
submucosal mucous glands; and (4) hypertrophy of the 
bronchial wall muscle, a reflection of the prolonged vaso- 
constriction (Fig. 16-23). Emphysematous changes some- 
times occur, and if chronic bacterial infection has super- 
vened, bronchitis (described above) may appear. 


CLINICAL Course. On the basis of the previously 
described changes, one can anticipate that an attack of 
asthma is characterized by the onset of respiratory 
difficulty with wheezing respiration, made particularly 
distinctive by prolongation of the expiratory phase. The 
victim labors to get air into his lungs and then cannot 
get it out, so that there is progressive hyperinflation of 
the lungs. The air gets trapped behind the mucous 
plugs. In the classic case, the acute attack lasts one to 
several hours and is followed by prolonged coughing; 
the raising of copious mucous secretions provides con- 
siderable relief of the respiratory difficulty. In some 
patients, these symptoms persist at a low level all the 
time. In its most severe form, status asthmaticus, the 
severe acute paroxysm persists for days and even weeks 
and, under these circumstances, the ventilatory function 
may be so impaired as to cause severe cyanosis and 
even death. The clinical diagnosis is aided by demon- 


inflammatory cells within lumen. Note hypertrophy of mucin-secreting lining cells, hypertrophy of 
smooth muscle, and the peribronchial inflammatory infiltrate. 


stration of an elevated eosinophil count in the peripheral 
blood and the finding of eosinophils, Curschmann’s 
spirals, and Charcot-Leyden crystals in the sputum. 

In the usual case, with intervals of freedom from 
respiratory difficulty, the disease is more discouraging 
and disabling than lethal. With appropriate therapy to 
relieve the attacks, these patients are able to maintain 
a productive life. However, in the more severe forms, 
the progressive hyperinflation may eventually produce 
emphysema. Superimposed bacterial infections may 
lead to chronic persistent bronchitis, bronchiectasis, or 
pneumonia that may ultimately cause death. In other 
cases, cor pulmonale and heart failure eventually de- 
velop. 


BRONCHIECTASIS 


Bronchiectasis is a chronic necrotizing infection of 
the bronchi and bronchioles leading to or associated 
with abnormal dilation of these airways. It is manifested 
clinically by cough, fever, and the expectoration of 
copious amounts of foul-smelling, purulent sputum. To 
be considered bronchiectasis, the dilatation should be 
permanent, since reversible bronchial dilatation often 
accompanies viral and bacterial pneumonia. In the latter 
case, the radiologic appearance may be the same as in 
bronchiectasis, but the changes are completely reversi- 
ble within six weeks. Bronchiectasis has many origins 
and usually develops in association with the following 
conditions: 


1. Bronchial obstruction. Common causes are tumor, 
foreign bodies, and occasionally mucous impaction. 
Under these conditions, the bronchiectasis is local- 
ized to the obstructed lung segment. Bronchiectasis 
can also complicate diffuse obstructive airway dis- 
eases, most commonly atopic asthma and chronic 
bronchitis. 


2. Congenital or hereditary conditions. These include: 


a. Congenital bronchiectasis. This is caused by a 
defect in the development of bronchi and usually 
affects a whole lobe or entire lung. 

b. Cystic fibrosis (p. 493). Widespread severe bron- 
chiectasis in this condition is a reflection of the 
generalized defects in exocrine gland secretion. 

c. Intralobar sequestration of the lung. In this con- 
dition a part of the lung, usually in the left lower 
lobe, is supplied with blood not by a branch of 
the pulmonary artery but directly from one of the 
systemic arteries. The affected part becomes in- 
fected and its airways dilate. Characteristically, 
the airways in the sequestered bronchiectatic lung 
tissue are separate from those in the adjacent 
normal lung. 

d. Immunodeficiency states (p. 205). These are as- 
sociated with heightened susceptibility to re- 
peated bacterial infections and localized or diffuse 
bronchiectasis. 

e. Kartagener’s and the immotile cilia syndromes. A 
fascinating explanation for bronchiectasis is that 
which accounts for a curious disease called Kar- 
tagener’s syndrome (bronchiectasis, sinusitis, and 


730 THE RESPIRATORY SYSTEM 


situs inversus). Patients with this syndrome have 
a defect in ciliary motility, most commonly asso- 
ciated with absent or irregular dynein arms—the 
structures on the microtubular doublets of cilia 
that are responsible for the generation of ciliary 
movement (Fig. 16—24).% °° The lack of ciliary 
activity interferes with bacterial clearance, pre- 
disposes the sinuses and bronchi to infection, and 
also affects cell motility during embryogenesis, 
resulting in the situs inversus. Males with this 
condition tend to be infertile, owing to ineffective 
motility of the sperm tail. About half the patients 
with defective cilia have no situs inversus. The 
immotile cilia syndrome is inherited as an auto- 
somal recessive gene and occurs at a frequency 
of 1:20,000 among whites. 

3. Necrotizing pneumonia. Bronchiectasis occasionally 
follows necrotizing or suppurative pneumonias 
caused by the tubercle bacillus or staphylococcal or 
mixed infections; in past years it was considered to 
be a sequel to childhood necrotizing infections com- 
plicating measles, whooping cough, and influenza. 
This form of postinfective bronchiectasis, however, 
is no longer common in the United States. 

ETIOLOGY AND PATHOGENESIS. Obstruction and in- 
fection are the most frequent influences associated with 
bronchiectasis, and it is likely that both factors are 
necessary for the development of the full-fledged bron- 
chiectatic lesions. After bronchial obstruction (such as 
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Figure 16—24. Ultrastructural abnormalities of cilia in immotile cilia 
syndromes. A, Normal cilium. B, Patient with Kartagener’s syn- 
drome. The dynein arms are absent. C, Radial spoke defect. D, 
transposition of microtubules. There are only eight peripheral doub- 
lets. The other peripheral pair of tubules has been transposed to 
center of cililum. The central pair is absent. Patients B, C, and D 
have immotile or poorly motile cilia. (From Katzenstein, A-L. A., and 
Askin, F. B.: Surgical Pathology of Non-Neoplastic Lung Disease. 
Philadelphia, W. B. Saunders Co., 1982, p. 397. Courtesy of Dr. 
Jennifer Sturgess et al., Toronto, Ontario, Canada.) 


by tumors or foreign bodies), air is resorbed from the 
airways distal to the obstruction, with resultant atelec- 
tasis. With atelectasis, the elastic forces within the lobe 
disappear, so that the airways are no longer taut and 
they “relax,” resulting in dilatation of the walls of those 
airways that are patent. It is thought that these changes 
are reversible and that an airless lobe may reexpand. 
However, the changes will become irreversible (1) if the 
obstruction persists, especially during periods of 
growth, because the airways will not be able to develop 
normally; and (2) if there is added infection. Infection 
plays a role in the pathogenesis of bronchiectasis in two 
ways: (a) it produces bronchial wall inflammation, weak- 
ening, and further dilatation; and (b) the extensive 
bronchial and bronchiolar damage causes endobronchial 
obliteration, with atelectasis distal to the obliteration 
and subsequent bronchiectasis around atelectatic areas, 
as described above. 

These mechanisms—infection and obstruction—are 
most readily apparent in the severe form of bronchiec- 
tasis associated with cystic fibrosis of the pancreas. In 
these patients, there is squamous metaplasia of the 
normal respiratory epithelium with impairment of nor- 
mal mucociliary action, infection, necrosis of the bron- 
chial and bronchiolar walls, and subsequent bronchiec- 
tasis. In younger children, the changes take the form of 
bronchiolitis (occlusion of the bronchioles by granulation 
tissue), but older children tend to develop full-blown 
bronchiectasis. 

A variety of organisms can be cultured from bron- 
chiectatic lungs, including staphylococci, streptococci, 
pneumococci, and enteric organisms as well as anaerobic 
and microaerophilic organisms. Which of these are 
pathogenic in any one case and which are saprophytic 
invaders is unknown. Hemophilus influenzae is thought 
by some to play an important role in the continued 
infection in bronchiectasis, as it seems to in chronic 
bronchitis. 


MORPHOLOGY. Bronchiectatic involvement of the lungs 
usually affects the lower lobes bilaterally, particularly those 
air passages that are most vertical. When tumors or aspi- 
ration of foreign bodies leads to bronchiectasis, the involve- 
ment may be sharply localized to a single segment of the 
lungs. Usually the most severe involvements are found in 
the more distal bronchi and bronchioles. The airways are 
dilated, sometimes up to four times normal size. These 
dilatations may produce long, tubelike enlargements (cylin- 
droid bronchiectasis) or, in other cases, may cause fusi- 
form or even sharply saccular distention (saccular bron- 
chiectasis). 

Characteristically, the bronchi and bronchioles are suf- 
ficiently dilated so that they can be followed, on gross 
examination, directly out to the pleural surfaces. By contrast, 
in the normal lung, the bronchioles cannot be followed by 
ordinary gross dissection beyond a point 2 to 3 cm removed 
from the pleural surfaces. The lumina of the affected bronchi 
are filled with a suppurative exudate that, when removed, 
exposes edematous, frequently ulcerated mucosa. In more 
severe involvements, the dilatation may produce an almost 
cystic pattern to the cut surface of the lung (Fig. 16—25A). 
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Figure 16—25. Bronchiectasis. A, Cut surface of basal region, 
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showing transected, markedly distended 


peripheral bronchi. B, Bronchus is surrounded by an intense leukocytic infiltrate, and lining epithelium 


is eroded at 9 to 12 o'clock. 


In clinically significant cases, the lung parenchyma shows 
patchy emphysema and atelectasis. When the infection 
extends to the pleura, it evokes a fibrinous or suppurative 
pleuritis. 

The histologic findings vary with the activity and chron- 
icity of the disease. In the full-blown, active case, there is 
an intense acute and chronic inflammatory exudation within 
the walls of the bronchi and bronchioles, associated with 
desquamation of the lining epithelium and extensive areas 
of necrotizing ulceration (Fig. 16-258). There may be pseu- 
dostratification of the columnar cells or squamous metaplasia 


of the remaining epithelium. In some instances, the necrosis 
completely destroys the bronchial or bronchiolar walls and 
forms a lung abscess. Fibrosis of the bronchial and bron- 
chiolar walls and peribronchiolar fibrosis develop in the more 
chronic cases. 

When healing occurs, there may be complete regener- 
ation of the lining epithelium. However, there usually has 
been so much injury that abnormal dilatation and scarring 
persist. In such healed cases, it may be impossible to 
distinguish preexistent bronchiectasis from bronchogenic 
congenital cysts. 
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CLINICAL Course. The clinical manifestations con- 
sist of severe, persistent cough; expectoration of foul- 
smelling, sometimes bloody sputum; and dyspnea and 
orthopnea in severe cases. A systemic febrile reaction 
may occur when powerful pathogens are present. These 
symptoms are often episodic and are precipitated by 
upper respiratory infections or the introduction of new 
pathogenic agents. In the full-blown case, the cough is 
paroxysmal in nature. Such paroxysms are particularly 
frequent when the patient rises in the morning, and the 
changes in position lead to drainage into the bronchi of 
the collected pools of pus. In the full-blown case, 
obstructive ventilatory insufficiency leads to marked 
dyspnea and cyanosis. Clubbing of the fingers some- 
times develops in these patients. 

The effect of bronchiectasis on life span is quite 
variable. When the disease is acquired in adult life, it 
is compatible with fairly long survival. However, it 
materially shortens life in young people with cystic 
fibrosis or immune deficiency. These cases with an early 
onset may develop one of several complications, such 
as lung abscesses, pneumonia, or extension of the infec- 
tion through the pleura to produce bronchopleural 
fistulas and exudative inflammation of the pleural cavity, 
known as empyema. In some cases, small infected 
thrombi break off and are carried to the brain, producing 
metastatic abscesses or meningitis. Amyloidosis is a 
further hazard in cases of long duration. When the 
disease is widespread in the lungs, chronic fibrosis may 
encroach on the pulmonary vascular bed and, in the 
course of years, may lead to the development of cor 
pulmonale. All these complications are relatively un- 
common. 


PULMONARY INFECTIONS 


Respiratory infections are more frequent than in- 
fections of any other organ and account for the largest 
number of workdays lost in the general population. The 
vast majority are upper respiratory infections caused by 
viruses, but infections of the lung (pneumonias, bron- 
chopneumonias, lung abscesses, and tuberculosis— 
viral, mycoplasmal, bacterial, and fungal) still account 
for an enormous amount of morbidity and rank among 
the major immediate causes of death.” Many of these 
infections have been described in detail in Chapter 8. 
Here we shall review only those aspects of the pathology 
of pulmonary infections that need further discussion. 


BACTERIAL PNEUMONIA 


Bacterial invasion of the lung parenchyma evokes 
exudative solidification (consolidation) of the pulmonary 
tissue known as bacterial pneumonia. Many variables, 
such as the specific etiologic agent, the host reaction, 
and the extent of involvement, determine the precise 
form of pneumonia. Thus, classification may be made 
according to etiologic agent (e.g., pneumococcal or 


staphylococcal pneumonia), the nature of the host re- 
action (suppurative, fibrinous, and so forth), or the 
anatomic distribution of the disease (lobular [broncho- 
pneumonia], lobar, or interstitial pneumonia). The an- 
atomic classification is often difficult to apply in the 
individual case, since patterns often overlap consider- 
ably. The lobular involvement may become confluent 
to produce virtually total lobar consolidation; in contrast, 
effective antibiotic therapy for any form of pneumonia 
may limit involvement to a subtotal consolidation. More- 
over, the same organisms may produce lobular pneu- 
monia in one patient, whereas in the more vulnerable 
individual a full-blown lobar involvement develops. 
Most important, from the clinical standpoint, are iden- 
tification of the causative agent and determination of 
the extent of disease. 

PATHOGENESIS. Although antibiotics have reduced 
the mortality rate from bacterial pneumonia, the disor- 
der remains one of the major immediate causes of death 
in the terminal phase of many diseases. In addition, the 
use of antibiotics has resulted in an increased incidence 
of pneumonia caused by resistant organisms, which is 
usually difficult to treat and cure. 

Before we describe the various types of pneumonia, 
it is useful to discuss some of the pathogenetic factors 
that pertain to all types and that help to explain the 
frequent development of pneumonia in susceptible 
groups of patients. Recall first that the normal lung is 
free of bacteria and possesses a number of potent 
defense mechanisms that clear or destroy any bacteria 
inhaled with air or fortuitously deposited in the airway 
passages (p. 708). These defense mechanisms include 
(1) the filtering function of the nasopharynx, (2) the 
mucociliary action of the lower air passages, and (3) 
phagocytosis and elimination by the alveolar macro- 
phages. In addition, immune mechanisms play a role in 
eliminating bacteria that reach the alveoli either through 
respiration or via the bloodstream. Thus, pneumonia 
may result whenever these defense mechanisms are 
impaired or whenever the resistance of the host in 
general is lowered. 

The clearing mechanisms can be interfered with by 
many factors such as the following: 

1. Loss or suppression of the cough reflex, as a 
result of coma, anesthesia, neuromuscular disorders, 
drugs, or chest pain. This may lead to aspiration of 
gastric contents. 

2. Injury to the mucociliary apparatus, by either 
impairment of ciliary function or destruction of ciliated 
epithelium. Cigarette smoke, inhalation of hot or cor- 
rosive gases, viral diseases, and genetic disturbances 
(e.g., the immotile cilia syndrome) all have this effect. 

3. Interference with the phagocytic or bactericidal 
action of alveolar macrophages. Many factors have been 
shown to have this effect, including alcohol, tobacco, 
anoxia, and oxygen intoxication. 

4. Pulmonary congestion and edema. The mecha- 
nism by which this interferes with the clearing action is 
not known, but edema is one of the most common 
predispositions to terminal bronchopneumonia in pa- 


tients with congestive heart failure or in debilitated 
patients with hypostatic pulmonary edema. 

5. Accumulation of secretions in conditions such as 
cystic fibrosis and bronchial obstruction. 

Factors that affect resistance in general include 
chronic diseases, immunologic deficiency, treatment 
with immunosuppressive agents, leukopenia, and unu- 
sually virulent infections. 

Several other points need to be emphasized. One 
is the frequency with which one type of pneumonia 
predisposes to another, especially in debilitated pa- 
tients. It is known, for example, that the most common 
cause of death in serious influenza epidemics is bacterial 
pneumonia. It is likely that viral diseases predispose to 
pneumonia by affecting both the clearing mechanism 
and the host’s general defense and immune mechanisms. 
Second, although the portal of entry for most pneumo- 
nias is the respiratory tract, hematogenous spread from 
one focus to other foci can occur, and secondary seeding 
of the lungs may be difficult to distinguish from primary 
pneumonia. Finally, many patients with chronic diseases 
acquire terminal pneumonias while hospitalized. Thus, 
one must keep in mind the potential risks of nosocomial 
infection: bacteria common to the hospital environment 
may have acquired resistance to antibiotics, opportuni- 
ties for spread are increased, invasive procedures such 
as catheterizations and injections are common, and 
bacteria may contaminate apparatus used in respiratory 
care units. 


Bronchopneumonia (Lobular Pneumonia) 


Patchy consolidation of the lung is the dominant 
characteristic of bronchopneumonia. This parenchymal 
infection usually represents an extension of a preexisting 


Figure 16—26. Bronchopneumonia. Foci of consolidation appear pale and gray. 
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bronchitis or bronchiolitis. It is an extremely common 
disease that tends to occur in the more vulnerable two 
extremes of life—infancy and old age. In the young, 
there is little previous experience with pathogenic 
organisms, rendering these patients susceptible to 
organisms of even low virulence. Resistance likewise 
falls in the aged, particularly in those already suffering 
from some serious disorder. Bronchopneumonia thus 
frequently provides the period at the end of a long 
sentence of progressive heart failure or disseminated 
tumor. On this account, it is a common finding on 
postmortem examinations. 

EtTioLoay. Although virtually any pathogen may 
produce these lung infections, the common agents are 
staphylococci, streptococci, pneumococci, Hemophilus 
influenzae, Pseudomonas aeruginosa, and the coliforms. 
Fungi (particularly Candida, Aspergillus, and Mucor) 
are sometimes the responsible agents, particularly in 
the predisposed or immunocompromised patient. 


MORPHOLOGY. Foci of bronchopneumonia consist of 
consolidated areas of acute suppurative inflammation. The 
consolidation may be patchily distributed through one lobe 
but is more often multilobar and frequently bilateral and 
basal, because of the tendency for secretions to gravitate 
into the lower lobes. Often, these areas are more easily 
palpated than visualized at postmortem examination. Well- 
developed lesions are slightly elevated, dry, granular, gray- 
red to yellow, and poorly delimited at their margins. They 
vary in size up to 3 to 4 cm in diameter (Fig. 16-26). 
Confluence of these foci occurs in the more florid instances, 
producing the appearance of total lobar consolidation. When 
caused by such pyogenic organisms as staphylococci, small 
abscesses can be seen. 

Histologically, the reaction usually comprises a suppur- 
ative exudate that fills the bronchi, bronchioles, and adjacent 
alveolar spaces (Figs. 16-27 and 16—28). Neutrophils are 
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Fig. 16-28 


Figure 16—27. Bronchopneumonia. Very low-power view of a large histologic section to illustrate 


patchiness of inflammatory reaction. 


Figure 16—28. Bronchopneumonia. Histologic detail of exudative consolidation of focus of inflamma- 


tion. 


dominant in this exudation. Generally it is difficult to identify 
bacteria histologically. This standard pattern of reaction may 
be modified by a number of variables. Any blood disorder 
that lowers the white cell count, such as leukemia or agran- 
ulocytosis, or any influence that suppresses the immune 
response, such as hypo- or agammaglobulinemia or steroid 
or immunosuppressive therapy, may render the patient par- 
ticularly vulnerable to bacterial or mycotic growth, and may 
permit bacterial overgrowth within the areas of exudation. 
Extremely aggressive organisms may lead to necrosis of the 
central regions of the lung lesions, to produce abscesses. 
Organization of the exudate may yield masses of fibrous 
tissue that constitute permanent residuals. Under happier 
circumstances, the exudate resolves, restoring the lung to 
its former state. 

Particularly in infancy, the bacterial bronchopneumonia 
may remain interstitial within the alveolar septa, to produce 
an inflammatory reaction confined to the alveolar walls with 
little exudate in the air spaces. (This interstitial pattern is 
typical for viral pneumonia.) E. coli and group B hemolytic 
streptococci are the most common causes for such a pattern. 


CLINICAL Course. The clinical signs and symptoms 
of bronchopneumonia depend on the virulence of the 
invading agent and the extent of pneumonic involve- 
ment. The patient, usually elderly, has a temperature 
of 38° to 39.5°C, along with cough, expectoration, and 
expiratory rales in one or more lobes. Often there is a 
previous history of confinement to bed, malnutrition, 
some underlying serious disorder, aspiration of gastric 
contents, or an upper respiratory infection. Respiratory 
difficulty may be present but is usually not prominent. 
When the pneumonia is caused by antibiotic-sensitive 
organisms, infection is readily controlled in patients not 
already mortally ill from some other cause. 


The complications of bronchopneumonia are (1) the 
formation of lung abscesses; (2) spread to the pleural 
cavities, producing empyema; (3) spread to the pericar- 
dial cavity, producing suppurative pericarditis; or (4) 
the development of bacteremia with metastatic abscess 
formation in other organs and tissues in the body. 


Lobar Pneumonia 


This is an acute bacterial infection of a large portion 
of a lobe or of an entire lobe, which tends to occur at 
any age but is relatively uncommon in infancy and in 
late life. Males are affected more often than females in 
the ratio of about 3 or 4 to 1. Classic lobar pneumonia 
is now encountered much less often, owing to the 
effectiveness with which antibiotics abort these infec- 
tions and prevent the development of full-blown lobar 
consolidation. 

ETIOLOGY. Ninety to 95% of all lobar pneumonias 
are caused by pneumococci. Most common are types 1, 
3, 7, and 2. Type 3 causes a particularly virulent form 
of lobar pneumonia. Occasionally, Klebsiella pneumon- 
iae, staphylococci, streptococci, Hemophilus influenzae, 
and (in this day of antibiotic resistance) some of the 
gram-negatives, such as the Pseudomonas and Proteus 
bacilli, are also responsible for this lobar distribution of 
involvement. 

PATHOGENESIS. The most common portal of entry 
is the air passages. The pathogenesis of a lobar distri- 
bution appears merely to be a function of the virulence 
of the organism and the vulnerability of the host. Heavy 
contamination by virulent pathogens may evoke this 


pattern in healthy adults, whereas organisms of lower 
virulence may accomplish the same in the predisposed 
patient. In lobar pneumonia there is more extensive 
exudation that leads to spread through the pores of 
Kohn. Moreover, the copious mucoid encapsulation 
produced by the pneumococci protects the organisms 
against immediate phagocytosis, and thus favors their 
spread. 


MORPHOLOGY. The histologic changes are presented 
first, since they make the gross alterations understandable. 

Lobar pneumonia consists, in essence, of a widespread 
fibrinosuppurative consolidation of large areas and even 
whole lobes of the lung. In its evolution, the pneumonic 
involvement follows the basic pattern of all inflammations 
and begins with serous exudation and accompanying vas- 
cular engorgement, followed by a fibrinocellular exudation, 
culminating ultimately in either resolution of the exudate or, 
less happily, its organization. 

Four stages of the inflammatory response have classi- 
cally been described: congestion, red hepatization, gray 
hepatization, and resolution. But present-day effective anti- 
biotic therapy frequently telescopes or halts the progression, 
so that often at autopsy the anatomic changes do not 
conform to the older classic stages. 

The first stage of congestion represents the develop- 
ing bacterial infection and lasts for about 24 hours (and thus 
is rarely seen histologically). It is characterized by vascular 
engorgement, intra-alveolar fluid with few neutrophils, and 
often the presence of numerous bacteria. Grossly, the in- 
volved lobe is heavy, boggy, red, and subcrepitant. 

The stage of red hepatization that follows is charac- 
terized by increasing numbers of neutrophils and the precip- 
itation of fibrin to fill the alveolar spaces (Fig. 16-29). The 
massive confluent exudation obscures the pulmonary archi- 
tecture.. Extravasation of red cells causes the coloration 
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Figure 16—29. Lobar pneumonia. The stage of early red hepatization 


with congested septal capillaries and extensive white cell exudation 
into alveoli. Fibrin nets have not yet formed. 


735 


Lung 


Figure 16-30. Lobar pneumonia. The stage of red hepatization. 
Lung is viewed from external aspect to show voluminous lower lobe, 
“plaster cast” of pleural cavity, and fibrinosuppurative pleuritis. 


seen on gross examination. In many areas, the fibrin strands 
stream from one alveolus through the pores of Kohn into 
the adjacent alveolus. The white cells contain engulfed 
bacteria. An overlying fibrinous or fibrinosuppurative pleuritis 
is almost invariably present. On gross examination, the lobe 
now appears distinctly red, firm, and airless with a liver-like 
consistency, hence the term hepatization (Fig. 16-30). 

The stage of gray hepatization follows with a contin- 
uing accumulation of fibrin associated with the progressive 
disintegration of inflammatory white cells and red cells. This 
exudate, composed of deteriorating white cells, fibrin, and 
red cells, contracts somewhat to yield a clear zone adjacent 
to the alveolar walls. In the usual case, the alveolar septa 
are preserved. The pleural reaction of fibrin and white cells 
at this phase is more advanced. Sometimes, when the 
bacterial infection extends into the pleural cavity, the intra- 
pleural suppuration produces what is known as empyema. 
The progressive disintegration of red cells and the persis- 
tence of fibrinosuppurative exudate gives the gross appear- 
ance of a grayish-brown, dry surface (Fig. 16-31). 

The final stage of resolution, which in untreated cases 
occurs at eight to ten days, follows in the great preponder- 
ance of cases with a favorable outcome. The consolidated 
exudate within the alveolar spaces undergoes progressive 
enzymic digestion to produce a granular, semifluid debris 
that is either resorbed, ingested by macrophages, or 
coughed up. In such favorable cases, the normal lung 
parenchyma is restored to its normal state. The pleural 
reaction may similarly resolve, but more often it undergoes 
organization, leaving fibrous thickening or permanent adhe- 
sions. 

Many complications may supervene during this classic 
evolution. (1) The type 3 pneumococcus and the Klebsiella 
bacillus characteristically produce an abundant mucinous 
secretion, so that on cut section stringy, turbid exudate 
clings to the knife and is readily scraped off. (2) These same 
organisms and the staphylococci frequently cause abscess 
formations, producing foci of necrosis in the otherwise 
solidified lung substance. (3) Organization of the exudate 
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Figure 16-31. Lobar pneumonia of left upper lobe. The stage of 
gray hepatization with fairly sharp delimitation of pneumonic process 
at interlobar fissure. 


may convert the lung into a solid tissue (Fig. 16-32). (4) 
Bacteremic dissemination to the heart valves, pericardium, 
brain, kidneys, spleen, and joints may cause metastatic 
abscesses, endocarditis, meningitis, or suppurative arthritis. 


CLINICAL Course. In the classic pattern, the pneu- 
mococcus attacks otherwise healthy adults 30 to 50 years 
of age, whereas type 3 and Klebsiella pneumoniae occur 
most often in the elderly, diabetics, and chronic alco- 
holics. In all, the onset of the disease is sudden, with 
malaise, chills, and fever. Cough appears with expec- 
toration of at first a slightly turbid, watery sputum 
indicative of the stage of congestion, followed by a 
frankly purulent, hemorrhagic, so-called “rusty” sputum 
characteristic of the stage of red hepatization. The 
temperature elevation is very marked, frequently up to 
40° or 41°C, and this elevation is usually maintained 
during the initial four to seven days of the full-blown 
classic stages of consolidation if treatment is not insti- 
tuted. Chills are characteristic and sometimes so severe 
that they actually make the bed shake. These chills are 
presumed to represent episodes of bacteremia, and thus 
mark the most favorable time to take blood cultures. If 
the causative organism is the type 3 pneumococcus or 
Klebsiella bacillus, the sputum has the same tenacious, 
mucinous quality as does the exudate in the lungs. 
Shortness of breath, orthopnea, and cyanosis may appear 
when there has been encroachment upon the vital 
capacity of the lung parenchyma. The fibrinosuppurative 


s : RE fe 
. & . . i 


Figure 16-32. Organization of lobar pneumonia. Alveolar spaces 
are virtually filled with connective tissue that can be seen in areas 
to be streaming through pores of Kohn. 


pleuritis is accompanied by pleuritic pain and pleural 
friction rub. 

The physical findings vary with the stage of pneu- 
monia. Within the first few days, limitation of breath 
sounds and fine crepitant rales herald the development 
of the stage of congestion. Two or three days after onset, 
more fully developed dullness, increased tactile and 
vocal fremitus, and bronchial breath sounds reflect the 
solidification of the lung. As resolution occurs, moist 
rales reappear, the dullness diminishes, and the bron- 
chial breath sounds and tactile and vocal fremitus grad- 
ually subside. The characteristic radiologic appearance 
is that of a radiopaque, usually well-circumscribed lobe. 

This classic progressive symptom complex is, how- 
ever, totally modified by the administration of antibiot- 
ics. Treated patients may be relatively afebrile with few 
clinical signs 48 to 72 hours after the initiation of 
antibiotics. For this reason, the classic “crisis” of lobar 
pneumonia, in which the temperature suddenly breaks 
and begins to fall, along with improvement in the 
patient's clinical condition, is now rarely encountered. 

The identification of the organism and the deter- 
mination of its antibiotic sensitivity are the keystones to 
appropriate therapy. Less than 10% of patients with 
lobar pneumonia now succumb and, in most such in- 
stances, death may be attributed either to a complication 
such as empyema, meningitis, endocarditis, or pericar- 
ditis or to some predisposing influence such as debility 
or chronic alcoholism. 


PNEUMONIA IN IMMUNOCOMPROMISED HOST 


The appearance of a pulmonary infiltrate and signs 
of infection (e.g., fever) is fast becoming one of the most 


Table 16-3. CAUSES OF PULMONARY INFILTRATES IN 
IMMUNOCOMPROMISED HOSTS 


Focal infiltrate 


Diffuse Infiltrate 


Common 
Gram-negative rods 
Staphylococcus aureus 


Common 
Cytomegalovirus 
Pneumocystis carinii 


Drug reaction Aspergillus 
Malignancy 
Uncommon Uncommon 
Bacteria Cryptococcus 
Aspergillus Nocardia 
Cryptococcus Mucormycosis 
Malignancy Pneumocystis carinii 


Legionella pneumophila 


Modified from Fanta, C. H., and Pennington, J. L.: Fever and new 
lung infiltrates in the immunocompromised host. Clin. Chest Med. 
2:19, 1981. 


common and serious complications of patients whose 
immune and defense systems are suppressed by disease, 
chemotherapy for organ transplants and tumors, or 
irradiation.”! A wide variety of infectious agents, many 
of which rarely cause infection in normal hosts, can 
cause these pneumonias, and often more than one agent 
is involved.” Mortality from these opportunistic infec- 
tions is as high as 60% in some series. Table 16-3 lists 
some of the agents according to their prevalence and to 
whether they cause local or diffuse pulmonary infiltrates. 
It is well to remember that such infiltrates may also be 
due to drug reactions or to involvement of the lung by 
tumor. The specific infections are discussed in Chapter 
8, and their morphologic expressions are well described 
in Myerowitz’s recent book.” 


VIRAL AND MYCOPLASMA PNEUMONIA 
(PRIMARY ATYPICAL PNEUMONIA) 


The term primary atypical pneumonia (PAP) is 
applied to an acute febrile respiratory disease charac- 
terized by inflammatory changes in the lungs, largely 
confined to alveolar septa and pulmonary interstitium. 
The term “atypical” denotes the lack of alveolar exudate, 
but a much more accurate designation is interstitial 
pneumonitis. In about 40% of cases, the etiology remains 
undetermined. The largest group of known etiology are 
caused by Mycoplasma pneumoniae,’*” which, al- 
though endemic, may cause epidemics of PAP in pop- 
ulations living in crowded, inadequate conditions. Vi- 
ruses cause the remaining cases of PAP of known 
etiology, including influenza types A and B, the respi- 
ratory syncytial viruses (RSV), and rhinoviruses. RSV is 
the most common cause of atypical pneumonia in in- 
fants, accounting for up to 30% of cases. Other agents 
that may cause a similar picture include the Coxsackie 
and ECHO viruses, rickettsiae (Q fever), Chlamydia 
(psittacosis), and occasionally the viruses of rubeola and 
varicella. 

Any one of these agents may cause merely an upper 
respiratory infection, recognized as the common cold, 
or a more severe lower respiratory infection. The cir- 
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cumstances that favor such extension of the infection 
are often mysterious but include malnutrition, alcohol- 
ism, and underlying debilitating illnesses. 
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MORPHOLOGY. All causal agents produce essentially 
similar morphologic patterns. Because the mild cases re- 
cover, our understanding of the anatomic changes is nec- 
essarily based on the more severe, fatal expressions of 
these infections. The pneumonic involvement may be quite 
patchy or may involve whole lobes bilaterally or unilaterally. 
The affected areas are red-blue, congested, and subcrepi- 
tant. On section, there is a slight ooze of red, frothy fluid, 
but since most of the reaction is interstitial, little of the 
inflammatory exudate escapes on transection of the lung 
substance. There is no obvious consolidation such as is 
encountered in lobar pneumonia. The pleura is smooth, and 
pleuritis or pleural effusions are infrequent. 

The histologic pattern, too, depends on the severity of 
the disease. Predominant is the interstitial nature of the 
inflammatory reaction, virtually localized within the walls of 
the alveoli. The alveolar septa are widened and edematous 
and usually have a mononuclear inflammatory infiltrate of 
lymphocytes, histiocytes, and occasionally plasma cells. In 
very acute cases, neutrophils may also be present. The 
alveoli may be free of exudate, but in many patients there 
are intra-alveolar proteinaceous material, a cellular exudate, 
and characteristically a pink hyaline membrane lining the 
alveolar walls, similar to that seen in hyaline membrane 
disease of infants (Fig. 16-33). These changes reflect al- 
veolar damage similar to that seen diffusely in the adult 
respiratory distress syndrome (p. 714). 

Superimposed bacterial infection modifies the histologic 
picture by causing ulcerative bronchitis and bronchiolitis, and 
may yield the anatomic changes already described under 
bacterial pneumonia. Subsidence of the disease is followed 
by reconstitution of the native architecture. 


Figure 16-33. Primary atypical (viral) pneumonia with prominent 
hyaline membranes and interstitial inflammatory infiltration. 
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Some viruses such as herpes simplex, varicella, and 
adenovirus may be associated with necrosis of bronchial 
and alveolar epithelium and acute inflammation. Epithel- 
ial giant cells with intranuclear or intracytoplasmic inclu- 
sions may be present in cytomegalic inclusion disease. 
Other viruses produce cytopathic changes, as described in 
Chapter 8. 


CLINICAL Course. As indicated, the clinical course 
is extremely varied. Many cases masquerade as severe 
upper respiratory infections or as “chest colds.” Even 
cases with well-developed atypical pneumonia have few 
localizing symptoms. Cough may well be absent, and 
the major manifestations may consist only of fever, 
headache, muscle aches, and pains in the legs. Cough, 
when present, is characteristically dry, hacking, and 
unproductive of sputum. The edema and exudation are 
both strategically located to cause an alveolocapillary 
block and thus evoke symptoms out of proportion to the 
scanty physical findings. One of the useful laboratory 
aids in differentiating viral atypical pneumonia from the 
M. pneumoniae form is the detection of elevated cold 
agglutinin titers in the serum. These are present in 40% 
of patients with Mycoplasma and in 20% of adenovirus 
infections, and are absent in other viral pneumonias. 
Isolation of the causative agent, whether viral or My- 
coplasma, requires fairly fastidious technical methods. 

The ordinary sporadic form of the disease is usually 
mild with a low mortality rate, below 1%. However, 
interstitial pneumonia may assume epidemic propor- 
tions with intensified severity and greater mortality, as 
all too grimly documented in the highly fatal influenza] 
pandemics of 1915 and 1918. Secondary bacterial infec- 
tion by staphylococci or streptococci is common in these 
situations. 


LUNG ABSCESS 


The term pulmonary abscess describes a local sup- 
purative process within the lung characterized by ne- 
crosis of lung tissue. Lung abscesses may develop at 
any age and are especially frequent in young adults. 
Oropharyngeal surgical procedures, sinobronchial infec- 
tions, dental sepsis, and bronchiectasis play important 
roles in their development. Males are affected somewhat 
more often than females. 

ETIOLOGY AND PATHOGENESIS. Although under ap- 
propriate circumstances any pathogen may produce an 
abscess, the commonly isolated organisms include aero- 
bic and anaerobic streptococci, Staphylococcus aureus, 
and a host of gram-negative organisms. Mixed infections 
occur very often because of the important causal role 
that inhalation of foreign material plays. Anaerobic 
organisms normally found in the oral cavity, including 
members of the Bacteroides, Fusobacterium, and Pep- 
tococcus species, are the exclusive isolates in about 60% 
of cases.”* ”” The causative organisms are introduced by 
the following mechanisms: 

1. Aspiration of infective material (the most fre- 
quent cause). This is particularly common in acute 


alcoholism, coma, anesthesia, sinusitis, gingivodental 
sepsis, and debilitation in which the cough reflexes are 
depressed. Aspiration of gastric contents is serious be- 
cause the gastric acidity adds to the irritant role of the 
food particles, and, in the course of aspiration, mouth 
organisms are inevitably introduced. 

2. Antecedent primary bacterial infection. Post- 
pneumonic abscess formations are usually associated 
with Staphylococcus aureus, Klebsiella pneumoniae, and 
the type 3 pneumococcus. Fungus infections and bron- 
chiectasis are additional antecedents to lung abscess 
formation. 

3. Septic embolism. Infected emboli from throm- 
bophlebitis in any portion of the systemic venous cir- 
culation or from vegetative bacterial endocarditis on the 
right side of the heart are trapped in the lung. 

4. Neoplasia. Secondary infection is particularly 
common in the bronchopulmonary segment obstructed 
by a primary or secondary malignancy. This sequence 
is typical of bronchogenic carcinoma in which impaired 
drainage, distal atelectasis, and aspiration of blood and 
tumor fragments all contribute to the development of 
sepsis. 

5. Miscellaneous. Direct traumatic penetrations of 
the lungs; spread of infections from a neighboring organ, 
such as suppuration in the esophagus, spine, subphrenic 
space, or pleural cavity; and hematogenous seeding of 
the lung by pyogenic organisms may all lead to lung 
abscess formation. 

When all these causes are excluded, there are still 
many cases (25%) in which no reasonable basis for the 
abscess formation can be identified. These are referred 
to as “primary cryptogenic’ lung abscesses. 


MORPHOLOGY. Abscesses vary in diameter from a few 
millimeters to large cavities of 5 to 6 cm. They may affect 
any part of the lung and be single or multiple. Pulmonary 
abscesses due to aspiration are more common on the right 
(the more vertical main bronchus) and are most often single. 
Abscesses that develop in the course of pneumonia or 
bronchiectasis are usually multiple, basal, and diffusely 
scattered. Septic emboli and pyemic abscesses, by the 
haphazard nature of their genesis, are multiple and may 
affect any region of the lungs. Sometimes, solitary pulmonary 
abscesses occur in the subapical and axillary portions of the 
upper lobes and the apical portion of the lower lobes, 
particularly on the right. This distribution appears to be in 
conflict with the presumed aspiration theory of their patho- 
genesis. However, for postoperative patients remaining re- 
cumbent for long periods of time, dependent portions of the 
lungs are not the bases. 

At the time of examination, the cavity may or may not 
be filled with suppurative debris, depending on the presence 
or absence of a communication with one of the air passages. 
When such communications exist, the contained exudate 
may be partially drained to create an.air-containing cavity. 
Superimposed saprophytic infections are prone to flourish 
within the already necrotic debris of the abscess cavity. 
These alter the appearance because their proteolytic action 
provides a favorable soil for the primary pathogen, which 
then assumes an increased virulence to cause rapid spread 
of the infection. This sequence leads to large, fetid, green- 
black, multilocular cavities with poor margination, designated 
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Figure 16-34. Pyemic lung abscess with complete destruction of underlying parenchyma within focus 


of involvement. 


as gangrene of the lung. The cardinal histologic change 
is suppurative destruction of the lung parenchyma 
within the central area of cavitation (Fig. 16-34). In 
chronic cases, considerable fibroblastic proliferation pro- 
duces a containing fibrous wall. 


CLINICAL Course. The manifestations of pulmonary 
abscesses are much like those of bronchiectasis and are 
characterized principally by cough, fever, and copious 
amounts of foul-smelling purulent or sanguineous spu- 
tum. Characteristically, these patients have paroxysmal 
coughing as changes in position initiate sudden drainage 
of fluid exudate. If the abscess is solitary, respiratory 
difficulty may be minimal. Fever, chest pain, and weight 
loss are common. Clubbing of the fingers and toes may 
appear within a few weeks after onset of an abscess. 

Diagnosis of this condition can only be suspected 
from the clinical findings and must be confirmed by 
roentgenography and bronchoscopy. Often the fluid 
levels can be demonstrated by x-rays. Whenever an 
abscess is discovered, it is important to suspect an 
underlying carcinoma, since these are present in 10 to 
15% of cases. 

The course of abscesses is quite variable. With 
antimicrobial therapy, over 75% resolve with no seque- 
lae. For the remainder, the outlook depends entirely 
on the amount of lung tissue affected and the chronicity 
of the disease. If untreated, the process may cause 
invalidism of the patient through ventilatory malfunc- 
tion. Complications include extension of the infection 
into the pleural cavity, the development of brain ab- 
scesses or meningitis from septic emboli, and (rarely) 
secondary amyloidosis. 


PULMONARY TUBERCULOSIS 


A general discussion of tuberculosis is on page 341. 
Here we shall only briefly describe the effects of this 
infection on the lungs. ”**° 

As indicated earlier, the overwhelming preponder- 
ance of tuberculous infections affect the lungs and, 
indeed, begin there. Pulmonary involvement is still the 
major cause of tuberculous morbidity and mortality. The 
prevention and control of these pulmonary infections 
accounts for tuberculosis being a relatively uncommon 
cause of death today, although a leading cause in 1900 
in the United States. The present U.S. death rate from 
tuberculosis is about 2 per 100,000 population as com- 
pared with a death rate of 200 in 1900. Regrettably, in 
many parts of the world, underprivileged populations 
still suffer from death rates 20 times those of other 
industrialized nations. 


Primary Pulmonary Tuberculosis 


Except for the rare intestinal (bovine) tuberculosis, 
and the even more uncommon skin, oropharyngeal, and 
lymphoidal primary sites, the lungs are the usual loca- 
tion of primary infections. As detailed earlier (p. 342), 
the initial focus of primary infection is the Ghon com- 
plex, which consists of (1) a parenchymal subpleural 
lesion, either just above or just below the interlobar 
fissure between the upper and lower lobes; and (2) 
enlarged caseous lymph nodes draining the parenchymal 
focus (Fig. 16-35). 

The course and fate of this initial infection are 
variable, but in most cases patients are asymptomatic 
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Figure 16—35. Primary pulmonary tuberculosis. Parenchymal focus 
of white caseation is present in lower left corner (arrow), and 
caseated lymph nodes of drainage can be seen in upper right 
(arrow). 


and the lesions undergo fibrosis and calcification. Ex- 
ceptionally, particularly in infants and children or im- 
munodeficient adults, tuberculous pneumonia or miliary 
tuberculosis may follow a primary infection. However, 
even in these progressive cases the infection may be 
halted at any stage, followed by fibrous encapsulation, 
scarring, and calcification, leaving only fibrocalcific res- 
idues. 


Secondary Pulmonary Tuberculosis (Chronic 
Pulmonary Tuberculosis) 


Most cases of secondary pulmonary tuberculosis 
represent reactivation of an old, possibly subclinical 
infection. You will recall that during primary infection 
bacilli may disseminate, without producing symptoms, 
and establish themselves in sites with high oxygen 
tension, particularly the lung apices. Reactivation in 
such sites occurs in no more than 5 to 10% of cases of 
primary infection. However, secondary tuberculosis 
tends to produce more damage to the lungs than does 
primary tuberculosis. The contributions of immunity as 
opposed to hypersensitivity to the development of le- 
sions have been discussed earlier.*! 

Although most adult forms of pulmonary tubercu- 
losis begin as apical lesions, the presentation may be 
atypical in elderly persons. In epidemics of tuberculosis 
in nursing homes, the involvement may be in the lower 
or middle lobes.” The subsequent course of the infec- 


tion is totally unpredictable and may lead to widespread 
exudative, proliferative, cavitated, and calcified lesions 
throughout the lungs. Many attempts have been made 
to subdivide these anatomic lesions into categories based 
on the nature and extent of the lesions. However, the 
disease refuses to follow these arbitrary subdivisions. It 
is therefore better to discuss the changes that constitute 
the full spectrum of pulmonary tuberculous lesions. 


MORPHOLOGY. The secondary pulmonary tubercu- 
losis lesion is located in the apex of one or both lungs. It 
begins as a small focus of consolidation, usually less 
than 3 cm in diameter. Less commonly, initial lesions may 
be located in other regions of the lung, particularly about the 
hilus. In almost every case of reinfection, the regional nodes 
develop foci of similar tuberculous activity. In the favorable 
case, the initial parenchymal focus develops a small area of 
caseation necrosis that does not cavitate, because it fails to 
communicate with a bronchus or bronchiole. The usual 
course is one of progressive fibrous encapsulation, leaving 
only fibrocalcific scars that depress and pucker the pleural 
surface and cause focal pleural adhesions. Sometimes these 
fibrocalcific scars become secondarily blackened by anthra- 
cotic pigment. In many instances a dense, collagenous, 
fibrous wall may totally enclose inspissated, cheesy, caseous 
debris that never resolves and remains as a granular lesion 
at postmortem examination. 

Histologically, coalescent granulomas are present, com- 
posed of epithelioid cells surrounded by a zone of fibroblasts 
and lymphocytes that usually contains one or more Lang- 
hans’ giant cells. Some caseation is usually present in the 
centers of these tubercles, the amount being entirely de- 
pendent on the sensitization of the patient and the virulence 
of the organisms (Fig. 16-36). 

As the lesion progresses, more tubercles coalesce to 
create a confluent area of consolidation. In the favorable 
case, either the entire area is eventually converted to a 
fibrocalcific scar, or the residual caseous debris becomes 
totally and heavily walled off by hyaline collagenous connec- 
tive tissue. In these late lesions, the multinucleate giant cells 
tend to disappear. Tubercle bacilli can be demonstrated by 
appropriate methods in the early exudative and caseous 
phases, but it is usually impossible to find them in the late 
fibrocalcific stages. However, it cannot be assumed that their 
absence in histologic sections is tantamount to their total 
destruction, since in many of these instances culture of the 
lesions or inoculation of this material into guinea pigs yields 
the organisms. 


Late Progressive Pulmonary Tuberculosis 


A variable, undetermined number of early lesions 
continue to progress over a period of months to years, 
causing further pulmonary and even distant organ in- 
volvements. 


MORPHOLOGY. Apical, fibrocaseous tuberculosis 
with cavitation fairly well describes this stage of disease. 
By erosion into a bronchiole, drainage of the caseous focus 
transforms it into a cavity. Growth and multiplication of the 
tubercle bacilli are favored by the increased oxygen tensions. 
At the same time, the local accumulations of inhibitory 
organic acids are drained and the significantly acid caseous 
material is partially removed, further improving the environ- 
ment for bacterial multiplication. 
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and giant cells. 


The cavity is lined by a yellow-gray caseous material 
and is more or less walled off by fibrous tissue. Not uncom- 
monly, thrombosed arteries may traverse these cavities to 
produce apparent fibrous bridging bands. This tendency for 
tuberculosis to incite thrombosis is beneficial, since it pre- 
vents the hematogenous dissemination of bacilli and the 
erosion of large vessels. On the other hand, thrombosis 
many times does not occur, accounting for the hemoptysis 
associated with open cases. When such cavitation occurs 
in the apices, the pathways for further dissemination of the 
tuberculous infection are prepared. The infective material 
may now disseminate through the airways to other sites in 
the lung or upper respiratory tract. Spread may also occur 
to the lymph nodes via the lymphatics, and thence retro- 
gressively through other lymphatics to other areas of the 
lung or other organs. Miliary dissemination through the blood 
is a further hazard. 

Advanced fibrocaseous tuberculosis with cavitation 
may affect one, many, or all lobes of both lungs in the form 
of isolated minute tubercles, confluent caseous foci, or large 
areas of caseation necrosis. In some far-advanced cases of 
pulmonary tuberculosis that have ended in death, postmor- 
tem examination reveals the lung converted to a mass of 
honeycombed cavities separated only by scant areas of 
scarring or compressed atelectasis. 

In the progress of this disease, the pleura is inevitably 
involved and, depending on the chronicity of the disease, 
serous pleural effusions, frank tuberculous empyema, or 
massive obliterative fibrous pleuritis may be found. In the 
course of extensive fibrocaseous tuberculosis, it is almost 
inevitable that tubercle bacilli become implanted on the 
mucosal linings of the air passages, and that endobronchial 
and endotracheal tuberculosis develop. These lesions 
may later become ulcerated to produce irregular, ragged, 
necrotic, mucosal ulcers. Accompanying the endobronchial 


tuberculosis, laryngeal seeding and intestinal tuberculo- 
sis are common. 

Lymphohematogenous dissemination may give rise 
to miliary tuberculosis, confined only to the lungs or 
involving other organs also. The distribution of miliary lesions 
depends on the pathways of dissemination. Tuberculous 
infection may drain via the lymphatics through the major 
lymphatic ducts into the right side of the heart, and thence 
spread into a diffuse, blood-borne pattern throughout the 
lungs alone. Since most of the bacilli are filtered out by the 
alveolar capillary bed, the infective material may not reach 
the arterial systemic circulation. However, such limitation to 
the lungs usually is not complete, and some bacilli pass 
through the capillaries to enter the systemic circulation and 
produce distant organ seedings. In other circumstances, a 
tuberculous focus may erode directly into a pulmonary artery 
and thence be spread only in the pattern of supply of this 
single vessel to produce a localized miliary dissemination 
within the alveolar parenchyma. On the other hand, exten- 
sion into a pulmonary vein is likely to be followed by 
disseminated miliary tuberculosis throughout the body or 
isolated organ tuberculosis. 

In all instances of the miliary type of distribution, the 
individual lesions vary from one to several millimeters in 
diameter and are distinct, yellow-white, firm areas of con- 
solidation that usually do not have grossly visible central 
caseation necrosis or cavitation at the time of examination 
(Fig. 16-37). Histologically, however, these present the 
characteristic pattern of individual or multiple confluent tu- 
bercles having microscopic central caseation. 

In the highly susceptible, highly sensitized individual, 
the tuberculous infection may spread rapidly throughout 
large areas of lung parenchyma to produce a diffuse bron- 
chopneumonia, or lobar exudative consolidation, at one 
time descriptively referred to as “galloping consumption” 
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Figure 16-37. Advanced miliary tuberculosis lung. Foci of caseation 
have coalesced to produce large nodules of consolidation. 


(Fig. 16-38). Sometimes, with such overwhelming disease, 
well-developed tubercles do not form, and it may be difficult 
to establish on histologic grounds the tuberculous nature of 
the pneumonic process. However, numerous bacilli are 
usually present in such exudates. 


CLINICAL Course. In all cases of suspected tuber- 
culous tissue changes, acid-fast smears, cultures, and 
guinea pig inoculation to identify the bacilli should be 
employed before a diagnosis of such clinical importance 
is made. 

The clinical course of pulmonary tuberculosis de- 
pends entirely on the activity, extent, and pattern of 
distribution of the tuberculous pulmonary infection and 
is too heterogeneous to describe here. Reference should 
be made to page 346, where the principal clinical 
manifestations are noted. 

It is also impossible to make meaningful generalities 
about the prognosis in tuberculosis, since there are so 
many variables involved. The great majority of cases 
respond to present-day chemotherapeutic measures un- 
less the disease is very advanced or intercurrent prob- 
lems such as diabetes mellitus complicate the outlook. 
It should be recalled that amyloidosis may appear in 
long-standing chronic tuberculosis. 


DIFFUSE INTERSTITIAL (INFILTRATIVE, 
RESTRICTIVE) DISEASES OF LUNG 


This heterogeneous group of diseases is character- 
ized predominantly by diffuse and usually chronic in- 
volvement of the pulmonary connective tissue, princi- 


Figure 16-38. Tuberculous pneumonia of upper lobe viewed on cut 
section of lung. 


pally the most peripheral and delicate interstitium in 
the alveolar walls. Recall that the interstitium consists 
of the basement membrane of the endothelial and 
epithelial cells (fused in the thinnest portions), collagen 
fibers, elastic tissue, proteoglycans, fibroblasts, mast 
cells, and occasionally lymphocytes and monocytes. 

There is no uniformity regarding terminology and 
classification of these diseases.*? Many of the entities 
are of unknown etiology and pathogenesis, some have 
an intra-alveolar as well as an interstitial component, 
and there is frequent overlap in histologic features 
among the different conditions. Nevertheless, their sim- 
ilar clinical signs, symptoms, radiologic alterations, and 
pathophysiologic changes justify their consideration as a 
group. These disorders account for about 15% of non- 
infectious diseases seen by pulmonary physicians. 

In general, the clinical and pulmonary functional 
changes are those of restrictive rather than obstructive 
lung disease (p. 717). Patients have dyspnea, tachypnea, 
and eventual cyanosis, without wheezing or other evi- 
dence of airway obstruction. The classic physiologic 
features are reductions in oxygen-diffusing capacity, 
lung volumes, and compliance. Chest radiographs show 
diffuse infiltration by small nodules, irregular lines, or 
“ground-glass” shadows (Fig. 16-39). Eventually, right- 
sided failure with cor pulmonale may result. Although 


Figure 16-39. Diffuse interstitial pneumonitis. Note bilateral ground 
glass densities. (Courtesy of Dr. G. Balikian, Brigham and Women’s 
Hospital, Boston.) 


the entities can often be distinguished in the early 
stages, the advanced forms are hard to differentiate, 
since they result in scarring and gross destruction of the 
lung, often referred to as “end-stage lung” or “honey- 
comb lung.” 

CLASSIFICATION. Diffuse infiltrative disease can be 
divided into two broad categories (Table 16-4): those 
with known causes and those of unknown etiology, some 
of which can be defined either as clinicopathologic 
syndromes or as having characteristic histology.* ™ 
Most of these entities are discussed in other sections of 
this book. Here we shall briefly review current concepts 
of pathogenesis that may be common to all, and discuss 
those in which lung involvement is the primary or major 
problem. In terms of frequency, the most common 
conditions are environmental diseases (24%), sarcoidosis 
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(20%), idiopathic pulmonary fibrosis (15%), and the 
collagen-vascular diseases (8%). The remainder have 
over 100 different etiologic agents. *? 

PATHOGENESIS. It is now thought that regardless 
of the type of interstitial disease or specific etiology, the 
earliest common manifestation of the interstitial diseases 
is alveolitis,® * i 


Lung 


i.e., an accumulation within the alveolar 
structure of inflammatory and immune effector cells 
(Fig. 16-40). Under normal conditions these cells ac- 
count for no more than 7% of the total lung cell 
population, and consist of macrophages (93%), lympho- 
cytes (7%), and neutrophils and eosinophils (less than 
1%). In alveolitis there is a marked increase in the 
number of these cells, and a change in their relative 
proportions. This causes progressive derangement of 
alveolar structures, with increasing fibrocellular thick- 
ening of alveolar walls. The final result is an end-stage 
fibrotic lung in which the alveoli are replaced by cystic 
spaces separated by thick bands of connective tissue 
interspersed with inflammatory cells. This is the picture 
of the “end-stage lung” in which there is widespread 
loss of function of alveolocapillary units. 

Let us briefly examine the various components of 
the scheme shown in Figure 16—40. The initial stimuli 
for the alveolitis are as heterogeneous as the causes 
outlined in Table 16—4. Some of these stimuli, such as 
oxygen-derived free radicals and some chemicals, are 
directly toxic to endothelial cells, epithelial cells, or 
both. But beyond direct toxicity, the critical event 
appears to be the recruitment and/or activation of 
inflammatory and immune effector cells. Neutrophil 
recruitment can be caused by complement activation in 
some immune-mediated disorders,®” but in addition the 
alveolar macrophages, which increase in number in all 
interstitial diseases, release a chemotactic factor that is 
relatively specific for neutrophils (NCF). Asbestos par- 
ticles and immune complexes (through the Fc receptor 
on the macrophage) stimulate the release of NCF. NCF 
also “activates” the neutrophils, causing them to secrete 
proteases and toxic oxygen free-radicals, which contrib- 
ute further to tissue damage and provide a mechanism 
for maintenance of the alveolitis. In diseases such as 
sarcoidosis, cell-mediated immune reactions result in 


Table 16—4. DIFFUSE INFILTRATIVE LUNG DISEASES 


Known Etiology 
1. Occupational and environmental inhalants 
a. Inorganic dusts (silicosis, asbestos, coal workers’ 
pneumoconiosis (Chapter 10) 
b. Organic dusts (hypersensitivity pneumonitis) 
c. Gases, fumes, aerosols (oxygen toxicity, sulfur 
dioxide, toluene) 
2. Drugs and toxins 
Chemotherapeutic agents (busulfan, bleomycin) 
Antibiotics (nitrofurantoin) 
Other drugs (gold, penicillamine) 
Toxins (paraquat) 
3. Infections 
Viral (influenza, cytomegalovirus) 
Bacterial (widespread tuberculosis) 
Fungal 
Parasitic (Pneumocystis carinii) 


Unknown Etiology 

1. Sarcoidosis (p. 390) 

2. Associated with collagen-vascular disorders and 
vasculitis (e.g., rheumatoid arthritis, SLE, 
Wegener's granulomatosis) 

. Goodpasture’s syndrome 

. Idiopathic pulmonary hemosiderosis 

Eosinophilic pneumonia 

. Histiocytosis X (p. 694) 

. Alveolar proteinosis 

. Desquamative interstitial pneumonitis 

. Idiopathic pulmonary fibrosis 
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Figure 16-40. Pathogenesis of chronic interstitial lung diseases. 
Current concepts are that there is some type of initial injury and a 
resulting alveolitis. Unchecked, the alveolitis will become chronic 
and cellular, and connective tissue alterations will develop. The final 
common pathway is the end-stage lung. PMN = polymorphonuclear 
leukocytes; Mac = alveolar macrophages. (Modified from Fulmer, 
J.: An introduction to the interstitial lung diseases. Clin. Chest Med. 
3:458, 1982.) 


the accumulation of monocytes and T lymphocytes, and 
formation of granulomas. It is thought that interactions 
among the inflammatory cells and the release of lym- 
phokines and monokines may be responsible for the 
slowly progressive pulmonary fibrosis that ensues. As 
reviewed in the discussion of chronic inflammation (p. 
76), macrophages (including alveolar macrophages)*® 
elaborate factors that promote fibroblast growth; the 
production of these factors is enhanced by interactions 
with silica particles, immune complexes, and lympho- 
kines. There is also evidence that neutrophils, lympho- 
cytes, and macrophages are all involved in the changes 
in composition and distribution of the connective tissue 
components of the lung (collagen, elastin, fibronectin, 
proteoglycans) that occur in the progression to end- 
stage fibrosis, but the precise sequence of events and 
the biochemical mechanisms are still poorly understood. 

It must be obvious at this juncture that some of 
the initiating mechanisms that result in interstitial fibro- 
sis—e.g., accumulation and activation of neutrophils 
and macrophages—may be similar to those that lead to 
emphysema, as discussed earlier (p. 717). Is there a 
relationship between the two sequences of events? The 
answer is unclear, but experiments®” show that the same 
toxic agent (cadmium chloride) that causes fibrosis in 
hamster lungs induces bullous emphysema if the animals 
are also given beta-aminoproprionitrile, an inhibitor of 
collagen and elastin cross-linking. Such studies suggest 
that divergent responses—emphysema and fibrosis—to 
similar injurious agents may depend on host metabolic 
factors. 


PNEUMOCONIOSIS 


This term designates a disease of the lungs caused 
by the inhalation of dust. Policard defines it far more 


elegantly: “The conflict of living matter with the mineral 
world: the pneumoconioses. ° 

The variety of clinically and anatomically described 
pheumoconioses appears to grow with each year. As 
environmental diseases, they have been covered in 
Chapter 10, with principal attention to coal workers’ 
pneumoconiosis, silicosis, berylliosis, and asbestosis. 


HYPERSENSITIVITY PNEUMONITIS (EXTERNAL 
ALLERGIC ALVEOLITIS) 


These two terms describe a spectrum of immuno- 
logically mediated, predominantly interstitial lung dis- 
orders caused by intense and often prolonged exposure 
to inhaled organic dusts and related occupational anti- 
gens. ® Affected individuals have an abnormal sensi- 
tivity or heightened reactivity to the antigen, which, in 
contrast to that occurring in asthma, involves primarily 
the alveoli. It is important to recognize these diseases 
early in their course, as progression to serious chronic 
fibrotic lung disease can be prevented by removal of 
the environmental agent. 

Most commonly, hypersensitivity results from the 
inhalation of organic dust containing antigens made up 
of spores of thermophilic bacteria, true fungi, animal 
proteins, or bacterial products. Numerous euphemisti- 
cally named syndromes are described, depending on 
the occupation or exposure of the individual. Farmers’ 
lung results from exposure to material generated from 
harvested, humid, warm hay that permits the rapid 
proliferation of the spores of thermophilic actinomy- 
cetes. Pigeon breeders lung (bird fanciers’ disease) is 
provoked by proteins from serum, excreta, or feathers 
of the birds. Humidifier or air-conditioner lung is caused 
by thermophilic bacteria in heated water reservoirs. 
There is also a mushroom pickers’ lung, a maple bark 
disease, and duck fever (from duck feathers). 

The clinical manifestations are varied. Acute at- 
tacks, which follow inhalation of antigenic dust in sen- 
sitized patients, consist of recurring attacks of fever, 
dyspnea, cough, and leukocytosis. Diffuse and nodular 
infiltrates appear in the chest radiograph, and pulmo- 
nary function tests show an acute restrictive effect. 
Symptoms usually appear four to six hours after expo- 
sure. If exposure is continuous and protracted, a chronic 
form of the disease supervenes that no longer features 
the acute exacerbations on antigen reexposure. Instead, 
there are signs of progressive respiratory failure, dysp- 
nea, and cyanosis and a decrease in total lung capacity 
and compliance—a picture hard to differentiate from 
other forms of chronic interstitial disease. 

Histologic descriptions come from biopsies of pa- 
tients with subacute and chronic forms, rather than from 
those with acute attacks. The alterations include inter- 
stitial pneumonitis consisting primarily of lymphocytes, 
plasma cells, and macrophages (some of the latter having 
a foamy cytoplasm); interstitial fibrosis; obliterative 
bronchiolitis; and outright granuloma formation. In over 
half the patients there is also evidence of an intra- 
alveolar infiltrate. 


The evidence from experimental and human studies 
strongly suggests a Type III immune complex pathogen- 
esis for the early lesions, followed by a Type IV delayed 
hypersensitivity reaction for the granulomatous compo- 
nents. Why only a small percentage of those exposed 
actually develop the disease is still a mystery. Genetic 
studies have not detected consistent differences in the 
frequency of specific HLA antigens between patients 
and control populations. 

Byssinosis is an occupational lung disease of textile 
workers that is apparently induced by the inhalation of 
airborne fibers of cotton, linen, and hemp. Acute effects 
include cough, wheezing, and airway obstruction, a 
picture that resembles bronchial asthma. Prolonged 
exposure leads to disabling chronic lung disease char- 
acterized by chronic bronchitis, emphysema, and inter- 
stitial granulomas. The agent in dust that provokes the 
disease is unknown, but gram-negative rod endotoxin 
has been implicated in some cases. Evidence for an 
immunologic hypersensitivity in this disorder is not as 
clear as in the other conditions described under this 
heading. 


GOODPASTURE’S SYNDROME* 


Hemorrhage from the lung is a dramatic compli- 
cation of some interstitial lung disorders. Among these 
so-called pulmonary hemorrhage syndromes® are (1) 
Goodpasture’s syndrome; (2) idiopathic pulmonary he- 
mosiderosis; and (3) vasculitis-associated hemorrhage, 
which is found in conditions such as hypersensitivity 
angiitis and Wegener's granulomatosis. 

Goodpastures syndrome is an uncommon but 
intriguing condition characterized by the simultaneous 
appearance of a form of proliferative, usually rapidly 
progressive glomerulonephritis and a necrotizing hem- 
orrhagic interstitial pneumonitis. The evidence is quite 
substantial that the renal and pulmonary lesions are the 
consequence of antibodies evoked by antigens common 
to the glomerular and pulmonary basement mem- 
branes.*? Most cases begin clinically with respiratory 
symptoms, principally hemoptysis, and radiographic 
evidence of focal pulmonary consolidations. Very soon, 
manifestations of glomerulonephritis appear, leading to 
rapidly progressive renal failure. The common cause of 
death is uremia. Cases have been reported in females, 
but there is a striking preponderance among males. 
Most cases occur in the second or third decade of life. 


In the classic case, the lungs are heavy and contain 
focal areas of red-brown apparent consolidation. Histologi- 
cally, there are acute focal necroses of alveolar walls asso- 
ciated with intra-alveolar hemorrhages, fibrous thickening of 
the septa, and hypertrophy of lining septal cells. Depending 
on the duration of the disease, there may be organization of 
blood in the alveolar spaces. Often the alveoli contain 
hemosiderin-laden macrophages (Fig. 16—41). Immunoflu- 


*See also page 1010. 


thickened with focal areas of necrosis. Alveolar spaces contain 
hemosiderin-laden macrophages secondary to intra-alveolar hem- 
orrhages. 


orescent studies reveal linear deposits of immunoglobulins 
along the basement membranes of the septal walls. The 
kidneys reveal the characteristic findings of focal proliferative 
glomerulonephritis in the early cases or crescentic glomer- 
ulonephritis in those with rapidly progressive glomeruloneph- 
ritis (p. 1009). Immunofluorescence reveals linear deposits 
of immunoglobulins and complement along the glomerular 
basement membranes, similar to those seen in the alveolar 
septa. 


Although it is clear that antibasement antibodies 
are associated with this disease, the trigger initiating 
this immune disorder in man is still unknown. One 
hypothesis proposes the development of autosensitiza- 
tion to normal glomerular basement membrane anti- 
gens, which then cross-react with the alveolar basement 
membrane. Trace amounts of these antigens are nor- 
mally excreted in the urine. Any mild injury to the 
kidney would expose these antigens to immunocompe- 
tent lymphocytes, initiating antibody formation. Be- 
cause most cases begin with pulmonary symptoms, it is 
more likely that the initial antibody is to lung basement 
membrane, which then cross-reacts with the kidney. 
Virus infection and exposure to hydrocarbon solvents 
(used in the dry-cleaning industry) have been implicated 
as a trigger of the syndrome in some patients; * these 
compounds might act by altering the basement mem- 
brane, rendering it antigenic. Most cases, however, give 
no history of such exposure. 

The once dismal prognosis for this disease has been 
markedly improved by intensive plasma exchange.” 
This procedure is thought to be beneficial by removing 
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circulating antibasement membrane antibodies as well 
as chemical mediators of immunologic injury. Simulta- 
neous immunosuppressive therapy inhibits further an- 
tibody production. Both the lung hemorrhage and the 
glomerulonephritis appear to improve with this form of 
therapy. 


THE RESPIRATORY SYSTEM 


IDIOPATHIC PULMONARY HEMOSIDEROSIS 


This uncommon pulmonary disease of obscure na- 
ture usually presents with an insidious onset of produc- 
tive cough, hemoptysis, and weight loss associated with 
diffuse pulmonary infiltrations. However, it tends to 
occur in younger adults and children and, unlike Good- 
pasture’s syndrome, shows no striking male preponder- 
ance.*° The etiology and pathogenesis is unknown. Stud- 
ies directed toward showing some immunologic 
derangement have been equivocal. 


The lungs are moderately increased in weight, with focal 
areas of consolidation that are usually red-brown to red. The 
cardinal histologic features of pulmonary hemosiderosis are 
reported as “striking degeneration, shedding and hyperplasia 
of alveolar epithelial cells, and marked localized alveolar 
capillary dilatation.” There are varying degrees of pulmonary 
interstitial fibrosis; hemorrhage into the alveolar spaces; and 
hemosiderosis, both within the alveolar septa and in mac- 
rophages lying free within the pulmonary alveoli. 


In contrast to Goodpasture’s syndrome, idiopathic 
pulmonary hemosiderosis runs the gamut from mild to 
severe disease. Some patients have recurrent, not se- 
vere episodes of hemoptysis with intervening periods of 
good health and may have a normal life span. Some 
develop progressive pulmonary fibrosis and run an 
erratic progressive course with advancing cardiac failure; 
others may die suddenly of massive pulmonary hemor- 
rhage. Most patients follow a chronic remittent course 
over a period of years, and then improve spontaneously 
or with treatment and have no further recurrences. 


PULMONARY ALVEOLAR PROTEINOSIS 


This is a disease of obscure etiology and pathogen- 
esis, characterized radiologically by diffuse pulmonary 
opacification and histologically by accumulation in intra- 
alveolar spaces of a dense granular, strongly PAS-posi- 
tive material that contains abundant lipid. Although this 
entity is discussed here among the interstitial and 
restrictive diseases, its histologic alterations are intra- 
alveolar and it does not usually progress to chronic 
fibrosis. Patients, for the most part, present with non- 
specific respiratory difficulty of insidious onset, cough, 
and abundant sputum that often contains chunks of 
gelatinous material.*’ Some have symptoms lasting for 
years, often with febrile illnesses. Progressive dyspnea, 
cyanosis, and respiratory insufficiency may occur, but 
some patients tend to have a benign course, with 
eventual resolution of the lesions. 
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Figure 16—42. Pulmonary alveolar proteinosis. Alveoli are 
a dense amorphous protein-lipid granular precipitate. 
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Morphologically, the disease is characterized by a pe- 
Culiar, homogeneous, granular precipitate within the alveoli, 
causing focal-to-confluent consolidation of large areas of the 
lungs (Fig. 16-42). On section, turbid fluid exudes from 
these areas. As a consequence, there is a marked increase 
in size and weight of the lung. The alveolar precipitate is 
PAS-positive and also contains finely divided lipid. Biochem- 
ically, the material is rich in protein and phospholipids. The 
latter are chemically similar to surfactant but fail to show 
surfactant properties. By electron microscopy, the alveolar 
contents consist of necrotic alveolar macrophages and Type 
Il pneumocytes, amorphous precipitate, with considerable 
numbers of lamellar osmiophilic bodies morphologically re- 
sembling surfactant material. The involved alveoli are often 
lined with hyperplastic pneumocytes, and focal areas of 
necrosis of these cells are seen with the light microscope. 
Within the amorphous alveolar precipitate, there also are 
occasionally concentric laminated bodies and long, needle- 
like crystalline spaces closely resembling cholesterol clefts. 
There is usually a surprising absence of any inflammatory 
reaction in the affected alveoli. 


Some patients suffering from this disease may have 
an occupational exposure to irritating dusts (including 
silica dust) and other chemicals. The disease also occurs 
in immunosuppressed patients. Theories of pathogen- 
esis suggest either excessive production of surfactant- 
like material by hyperplastic type II epithelial cells, or 
a defect in the macrophage clearance of intra-alveolar 
accumulations. Current opinion favors the latter 
mechanism.” % 


DESQUAMATIVE INTERSTITIAL 
PNEUMONITIS (DIP) 


This is a rare disease characterized anatomically by 
an interstitial fibrosing pneumonitis accompanied by 
aggregation of mononuclear cells within the alveoli, 
presumably desquamated from the alveolar walls.®* 1 
These patients usually present with the slow develop- 
ment of cough and dyspnea, eventually leading to 
marked respiratory embarrassment, cyanosis, and club- 
bing of the fingers. Classically, the radiologic picture is 
that of bilateral lower-lobe ground-glass infiltrates. 


The most striking finding is the accumulation in the air 
spaces of a large number of mononuclear cells (Fig. 16— 
43). Often there is accompanying hyperplasia of the septal 
lining epithelial cells and desquamation of these cells into 
the air spaces. Electron microscopy has shown that approx- 
imately 90% of the desquamated cells are macrophages, 
many of which contain lipid vacuoles and PAS-positive 
granules. Some of these macrophages contain lamellar 
bodies within phagocytic vacuoles, presumably derived from 
necrotic Type II pneumocytes. There is often an associated 
interstitial pneumonitis. 


The etiology of this disorder is unknown. Patients 
are benefited by steroid therapy, which often leads to 
clearing of the lungs. Some patients with DIP have or 


Figure 16—43. Desquamative interstitial pneumonitis. High-power 
detail of lung to demonstrate fibrous thickening of alveolar walls (A) 


and accumulation of large numbers of mononuclear cells within 
alveolar spaces. 
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subsequently develop significant interstitial fibrosis re- 
sembling the usual type; for this reason, many authors 
object to the term DIP and consider the entity an early 
stage of idiopathic interstitial fibrosis, discussed later.‘ 
Nevertheless, some long-term studies indicate that pa- 
tients with a pronounced desquamative component to 
the lesion have a better prognosis and response to 
steroid therapy than do those with the usual interstitial 
fibrotic pattern.!° Whether this represents different 
etiologic agents or pathogenetic mechanisms is un- 
known. 


Lung 


DIFFUSE IDIOPATHIC PULMONARY FIBROSIS 
(CHRONIC INTERSTITIAL PNEUMONIA, 
FIBROSING ALVEOLITIS, HAMMAN-RICH 
SYNDROME) 


These terms refer to a poorly understood pulmo- 
nary disorder characterized histologically by diffuse in- 
terstitial fibrosis and inflammation, which in the ad- 
vanced case results in severe hypoxemia and cyanosis. 
There are at least 20 synonyms for this entity, and in 
Britain it is known as diffuse or cryptogenic (i.e., 
idiopathic) fibrosing alveolitis. Liebow coined the term 
usual interstitial pneumonitis (UIP) to differentiate this 
condition from the desquamative type (DIP) described 
earlier and from other rarer examples of so-called giant 
cell and lymphocytic interstitial pneumonitis.’° It 
should be stressed that similar pathologic findings may 
occur as the result of well-defined entities, such as the 
pneumoconioses, hypersensitivity pneumonitis, oxygen 
toxicity pneumonitis, scleroderma, and irradiation in- 
jury. In about half the cases, however, there is no 
known underlying disease, and the term idiopathic is 
applied. 

Males are affected more often than females, and 
although the disease may occur at any age, most patients 
are between 30 and 50 years old. 

It is now thought that this disorder represents a 
stereotyped inflammatory response of the alveolar wall 
to injuries of different types, durations, and intensities. 
The proposed sequence of events, described earlier, 
begins with some form of alveolar wall injury, which 
results in interstitial edema and accumulation of inflam- 
matory cells (alveolitis). It is thought that the Type I 
membranous pneumocyte. is particularly susceptible to 
injury. Subsequently there is hyperplasia of Type II 
pneumocytes in an attempt to regenerate the alveolar 
epithelial lining. Fibroblasts then appear, and progres- 
sive fibrosis and collagenization of both the interalveolar 
septa and the intra-alveolar exudate result in obliteration 
of normal pulmonary architecture with the formation of 
what is termed “honeycomb” lung, the end stage of this 
chronic process. 

Immune mechanisms may trigger this sequence of 
events.’ There are high levels of circulating immune 
complexes or cryoimmunoglobulins in the serum of 
patients with idiopathic interstitial pneumonia, partic- 
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ularly in cases in which biopsy showed significant cel- 
lular infiltration rather than interstitial fibrosis.! Gran- 
ular deposits of IgG can be seen in the alveolar walls, 
suggesting that immune complexes may play a patho- 
genetic role, but the nature of the antigens within the 
complexes is unknown. 


The morphologic changes vary according to the stage 
of the disease. In early cases, the lungs grossly are firm in 
consistency and microscopically show pulmonary edema, 
hyaline membranes, and infiltration of the alveolar septa 
with mononuclear cells. There is hyperplasia of Type Il 
pneumocytes, which appear as cuboidal or even columnar 
cells lining the alveolar spaces. With advancing disease, 
there is organization of the intra-alveolar exudate by fibrous 
tissue, as well as thickening of the interstitial septa due to 
fibrosis and variable amounts of inflammation. At this stage 
the lungs become solid, with alternating areas of fibrosis 
and more normal-appearing lung. In the end stages of the 
disorder, the lung consists of spaces lined by cuboidal or 
columnar epithelium and separated by inflammatory fibrous 
tissue (Fig. 16—44). This gives the typical appearance of the 
honeycomb lung. Small cysts are often seen, and there is 
also intimal thickening of the pulmonary arteries and lym- 
phoid hyperplasia. As mentioned earlier, this advanced pic- 
ture can result from any of the disorders listed on page 743. 
Thus it is necessary to exclude the known causes of inter- 
Stitial fibrosis by clinical, radiologic, or serologic means 
before the diagnosis of idiopathic interstitial fibrosis is made. 


As would be expected, patients exhibit varying 
degrees of respiratory difficulty and, in advanced cases, 
hypoxemia and cyanosis. The septal fibrosis constitutes 
a significant physiologic alveolocapillary block. Cor pul- 
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Figure 16—44. Diffuse interstitial fibrosis. Note marked interstitial 
fibrosis, focal chronic inflammation, and dilated spaces lined by 
cuboidal Type II epithelial cells. 


monale and cardiac failure may result. The progress in 
the individual case is unpredictable. In some patients 
the disease remits spontaneously. In a few the process 
progresses very rapidly, leading to fibrosis in a matter 
of weeks, whereas in others it develops over many 
years. In most cases, death occurs in about two years. 


PULMONARY EOSINOPHILIA (PULMONARY 
INFILTRATION WITH EOSINOPHILIA) 


A number of clinical and pathologic pulmonary 
entities are characterized by an infiltration of eosino- 
phils. The etiology and pathogenesis of these disorders 
are diverse. They have been divided into the following 
categories:'° '!°° (1) simple pulmonary eosinophilia, or 
Loeffler's syndrome; (2) tropical eosinophilia, caused by 
infection with microfilariae (p. 519); (3) chronic pulmo- 
nary eosinophilia (which occurs in a number of parasitic, 
fungal, and bacterial infections; in hypersensitivity 
pneumonitis; in drug allergies; and in association with 
asthma, allergic bronchopulmonary aspergillosis, or po- 
lyarteritis nodosa); and (4) so-called idiopathic chronic 
eosinophilic pneumonia. The mechanisms that lead to 
eosinophilia in these conditions are almost certainly 
immunologic, although the sequence of events for each 
is far from clear. 

Loeffler's syndrome is characterized by transient 
pulmonary lesions, eosinophilia in the blood, and a 
rather benign clinical course. Roentgenograms are often 
quite striking, with shadows of varying size and shape 
in any of the lobes suggesting irregular intrapulmonary 
densities. The illness is dominated clinically by dyspnea, 
and pulmonary function tests usually show both restric- 
tive and obstructive defects. It is thought that the 
syndrome results from a Type I allergic reaction, com- 
mon inciting agents being Ascaris and Strongyloides 
parasites. In true simple eosinophilia'” the lungs show 
alveoli whose septa are thickened by an infiltrate com- 
posed of eosinophils and occasional interspersed giant 
cells. There is also focal hyperplasia of the alveolar 
epithelial lining cells, but no vasculitis, fibrosis, or 
necrosis. 

Chronic eosinophilic pneumonia is characterized by 
focal areas of cellular consolidation of the lung substance 
distributed chiefly in the periphery of the lung fields. 
Prominent in these lesions are heavy aggregates of 
lymphocytes and eosinophils within both the septal walls 
and the alveolar spaces.!% Clinically there is high fever, 
night sweats, and dyspnea, all of which respond to 
corticosteroid therapy. Obviously, this rare entity can 
be diagnosed only when other causes of chronic pul- 
monary eosinophilia are excluded. 


PULMONARY INVOLVEMENT IN COLLAGEN- 
VASCULAR DISORDERS 


These diseases are discussed in other chapters but 
are listed here, since they can lead to a picture of 
chronic interstitial fibrosis. !%!!° 


Diffuse interstitial fibrosis occurs classically in pro- 
gressive systemic sclerosis (scleroderma), discussed on 
page 190. Less commonly, patchy and transient paren- 
chymal infiltrates are noted in lupus erythematosus, and 
occasionally severe lupus pneumonitis may occur and 
may be one of the major clinical problems in such 
patients. In rheumatoid arthritis, pulmonary involve- 
ment is common and may occur in one of five forms:'"! 
(1) chronic pleuritis, with or without effusion; (2) diffuse 
interstitial pneumonitis and fibrosis; (3) intrapulmonary 
rheumatoid nodules; (4) rheumatoid nodules with pneu- 
monoconiosis (Caplan’s syndrome); and (5) pulmonary 
hypertension. Thirty to 40% of patients with classic 
rheumatoid arthritis have abnormalities in pulmonary 
function. In certain patients the disorder progresses to 
end-stage lung disease. Lung involvement is also com- 
mon in the vasculitides!”? (p. 519), particularly in allergic 
angiitis and granulomatosis (the Churg-Strauss syn- 
drome). 

Wegener's granulomatosis, considered on page 523, 
represents an acute necrotizing vasculitis with granu- 
loma formation, affecting particularly the lungs, kidneys, 
and upper respiratory tract. In the lung, there are 
necrotizing granulomas and a prominent vasculitis. Lym- 
phomatoid granulomatosis is a disorder characterized 
by lymphoid proliferation, vasculitis, and granuloma 
formation. Although it may remain confined to the lung, 
the disease often evolves into a malignant lymphoma. |” 


OTHER FORMS OF PULMONARY 
DISEASE : 


LIPID PNEUMONIA 


Patchy or diffuse consolidation of the lung may be 
caused by the aspiration of a variety of oils. This is 
usually encountered in infants and children who are 
forced to swallow mineral oil; in small, weak infants; 
and in those with congenital malformations in whom the 
swallowing reflex may be deranged. In adults, lipid 
pneumonia usually follows the protracted use of mineral 
oil as a laxative or the use of oily nose drops or sprays. 
Rarely, lipid pneumonia follows the use of radiopaque 
oil for x-ray visualization of the respiratory tree. 

In general, the more unsaturated the oil, the 
greater is its toxicity. Some of the most reactive oils are 
those found in lard and peanuts and in chaulmoogra 
seeds. By contrast, corn and sesame oils are bland. 
Mineral oil is quite bland but acts as an inert foreign 
body in tissues. When aspirated, even milk and cream 
are capable of evoking an inflammatory response. 


MORPHOLOGY. The extent of pneumonic reaction de- 
pends largely on the quantity and chemical nature of the oil 
implicated. In general, the lesions are bilateral, but tend to 
affect the right lung more than the left because of the direct 
drainage path of the right main stem bronchus. The aspirated 
oil is emulsified once it reaches the alveoli, and the fine 
droplets are phagocytized by large numbers of macrophages 
called out in response to this foreign material. In the early 
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Figure 16—45. Lipid pneumonia. Alveoli contain the characteristic 


lipid-laden macrophages with large, clear cytoplasmic vacuoles 
(arrows). 


stages, the affected alveoli are partially or totally filled with 
aggregates of distended, occasionally multinucleate macro- 
phages that contain large, clear, spherical, intracytoplasmic 
vacuoles (Fig. 16—45). With progression of the lesion, fibro- 
blasts invade the cellular lipid exudate and eventually organ- 
ize the macrophagic inflammatory response. Multinucleate 
giant cells may develop within the alveolar organization, to 
form granulomas that may resemble those found in tuber- 
culosis and sarcoidosis. 

Grossly, patchy foci (1 to 3 cm in diameter) or segmental 
involvements vary from gray to bright yellow and are dry 
and granular. The lesions are fairly sharply circumscribed 
and slightly elevated above the level of the cut lung surface. 
The anatomic diagnosis can only be suspected grossly and 
must be verified by means of histologic examination and 
lipid stains. 


Lipid pneumonia may be discovered as an inciden- 
tal finding at autopsy. However, symptomatic manifes- 
tations may be occasioned by superimposed bronchitis, 
bronchiolitis, bronchiectasis, and bronchopneumonia. If 
the areas affected become sufficiently extensive, pul- 
monary dysfunction may occur. 


TUMORS OF LUNG 


A variety of benign and malignant tumors may arise 
in the lung, but the vast majority (90 to 95%) are 
bronchogenic carcinomas.!'* About 5% are bronchial 
carcinoids, and 2 to 5% are mesenchymal and other 
miscellaneous neoplasms. The term “bronchogenic’’ is 
used for most lung cancers, but it is somewhat mislead- 
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ing in that it implies a bronchial origin for all lung 
cancers, despite the fact that adenocarcinomas, which 
are peripheral in location, are most often bronchiolar in 
derivation. 


BRONCHOGENIC CARCINOMA 


In industrialized nations, public enemy number 
one among cancers is bronchogenic carcinoma. It is the 
most common visceral malignancy in males; it alone 
accounts for approximately one third of all cancer deaths 
in males and 1/20th of all deaths in both sexes. Although 
females are affected less frequently, the incidence is 
increasing dramatically and lung cancer is about to pass 
breast carcinoma as a cause of cancer death in women. '' 

INCIDENCE. There is no longer any doubt that the 
rising incidence of lung cancer is real and not the 
spurious consequence of an aging population, better 
case findings, and more accurate diagnosis. The annual 
number of deaths from lung cancer in the United States 
increased from 18,000 in 1950 to an estimated 121,000 
in 1984.'!° The age-adjusted death rate from cancer of 
the lung since 1950 has more than trebled in males, 
rising from 19.9 to an outstanding 70 per 100,000 
population. The death rate in females since 1950 has 
risen from 4.5 to 19 per 100,000. Cancer of the lung 
now accounts for 22% of all cancers in males and 9% in 
females. In 1984 there were an estimated 139,000 new 
cases of lung cancer. These data on bronchogenic car- 
cinoma must be viewed within the context of other 
forms of cancer. Death rates from cancer of the stomach 
and uterus in the U.S. have steadily fallen since 1950, 
and there has been no appreciable change in the death 
rates for colorectal, prostatic, breast, and urinary blad- 
der cancers over this time span. 

Cancer of the lung occurs most often between ages 
40 and 70, with a peak incidence in the sixth or seventh 
decade. Only 2% of all cases appear before the age of 
40.''© The male:female death rate ratio for lung cancer 
among whites reached a peak of approximately 7:1 in 
1960, but in 1984 it had fallen to 3:1—almost certainly 
the delayed consequence of increased cigarette smoking 
among women. 

ETIOLOGY AND PATHOGENESIS. Tobacco Smoking. 
The evidence establishing a positive relationship be- 
tween tobacco smoking and lung cancer is well-nigh 
incontrovertible. Most of the monumental documenta- 
tion may be found in the reports of the Royal College 
of Physicians'’’ and the United States Surgeon Gen- 
eral.''® The collective evidence is of three kinds: statis- 
tical, clinical, and experimental. !!° 

Statistical evidence is most compelling.!2° '! In 
numerous retrospective studies of patients who died of 
bronchogenic carcinoma compared with controls, there 
was an invariable statistical association between the 
frequency of lung cancer and (1) the amount of daily 
smoking, (2) the tendency to inhale, and (3) the duration 
of the smoking habit. Reduced lung cancer rates are 
found among ex-smokers. Compared with nonsmokers, 


average smokers of cigarettes have an approximately 
nine- to tenfold increase in the risk of developing lung 
cancer, and heavy smokers (over 40 cigarettes per day 
for several years) have at least a 20-fold risk increase. 
Ex-smokers who had smoked 20 or more cigarettes daily 
have, after 10 years of not smoking, a death rate from 
lung cancer similar to that of nonsmokers. The epidem- 
iologic studies also show an association between ciga- 
rette smoking and the following cancers, in decreasing 
order of frequency: lip, tongue, floor of mouth, pharynx, 
larynx, esophagus, urinary bladder, and pancreas. !*? The 
exclusive smoking of filter cigarettes appears to reduce 
cancer risk; however, no decreased risk is seen among 
heavy smokers 50 to 69 years of age who shift to filter 
cigarettes for less than five years. Most studies in the 
United States have also associated cigar and pipe smok- 
ing with lung cancer, but the association has been less 
strong than that observed in some European countries. 

Clinical evidence has dealt largely with changes in 
the lining epithelium of the respiratory tract in smokers 
and nonsmokers. In a systematic study of bronchial 
epithelium of smokers, Auerbach and _ colleagues!” 
quantitated three histologic characteristics: (1) loss of 
bronchial cilia; (2) basal epithelial hyperplasia; and (3) 
nuclear abnormalities, sometimes approaching carci- 
noma in situ. The concurrence of these three types of 
changes was never seen in histologic specimens from 
nonsmokers but was seen in about 10% of smokers, 1 
to 2% of those smoking filter-tipped cigarettes, and 15% 
of sections of patients who died of lung cancer; 96.7% 
of cigarette smokers showed some atypical cells in the 
bronchial tree, whereas 0.9% of controls had similar 
cells. '*4 

The experimental work has focused mainly on at- 
tempts to induce cancer in experimental animals with 
extracts of tobacco smoke. Over 1200 substances have 
been counted in cigarette smoke and many of these are 
potential carcinogens. These include both initiators (poly- 
cyclic aromatic hydrocarbons, such as benzo[a]pyrene) 
and promoters such as phenol derivatives. Radioactive 
elements may also be found (polonium-210, carbon-14, 
potassium-40) as well as other contaminants, such as 
arsenic, nickel, molds, and additives. Protracted expo- 
sure of mice to these additives induces skin tumors. 
However, efforts to produce lung cancer by exposing 
animals to tobacco smoke or to tobacco smoke combined 
with air pollutants, viruses, and other possible carcino- 
gens have given negative results. The few cancers that 
have been produced have been bronchioloalveolar car- 
cinomas, a type of human tumor not associated with 
smoking in man. In 1967, Wynder and Hoffman con- 
cluded that, to that date, (1) there was no carefully 
controlled model of bronchogenic carcinoma produced 
by exposure to tobacco smoke alone in experimental 
animals and (2) those experimental lung tumors that had 
been produced probably resulted from complex carcin- 
ogenic consequences.'” These conclusions remain 
largely true today. 

Industrial Hazards. Certain industrial exposures in- 
crease the risk of development of lung cancer. Of 
historical interest is the account of lung cancer in the 


Schneeberg mines in Saxony. In 1420, shortly after the 
opening of the mines (known for their richness in various 
metals, but also for radon), Paracelsus described the 
Bergkrankheit, or mountain sickness, in miners. It was 
not until 1879 that the malignant nature of the disease 
was recognized and not until 1913 that the accurate 
diagnosis of lung carcinoma was established for this 
illness. All types of radiation may be carcinogenic. There 
was an increased incidence of lung cancer among sur- 
vivors of the Hiroshima and Nagasaki atomic bomb 
blasts. !2© Uranium is weakly radioactive, but lung cancer 
rates among nonsmoking uranium miners are four times 
higher than those of the general population, and among 
smoking miners they are about ten times higher. Many 
of these cancers in uranium miners are small cell 
carcinomas. 

Asbestos has now become a universally recognized 
carcinogen.!?’ The mean risk of bronchogenic carcinoma 
among nonsmoking asbestos workers is about five times 
greater than among the general population. The latent 
period before the development of lung cancer is be- 
tween 10 and 30 years. Among asbestos workers, one 
death out of five is due to bronchogenic carcinoma, one 
out of ten to pleural or peritoneal mesotheliomas (p. 
760), and one out of ten to gastrointestinal carcinomas. 
Tobacco is an important cofactor in asbestos carcinogen- 
esis; the risk of bronchogenic carcinoma for heavy 
smokers exposed to asbestos is 92 times greater than for 
nonsmokers not exposed to asbestos. Asbestos hazards 
are discussed further on page 438. 

There is also an increased risk of the development 
of respiratory cancer among individuals who work with 
nickel, chromates, coal, mustard gas, arsenic, beryl- 
lium, and iron and in newspaper workers, African gold 
miners, and haloether workers. !!® !!9 

Air Pollution. Unquestionably, we all “swim” in a 
sea of carcinogens, and it is conceivable that atmospheric 
pollutants may play some role in the increased incidence 
of bronchogenic carcinoma today. However, there is 
difference of opinion as to whether there is an increased 
risk in urban as opposed to rural areas after populations 
are corrected for tobacco usage. Although most author- 
ities acknowledge the existence of a small urban factor 
in lung cancer incidence,'* the main culprit, far and 
away, is cigarette smoking. 

Genetic Factors. Occasional familial clustering has 
suggested a genetic predisposition to lung cancer, as 
has the variable risk even among very heavy smokers. 
However attempts at defining markers of genetic sus- 
ceptibility have proved elusive. At one time it was 
proposed that patients with lung cancer had genetically 
higher cellular levels of the enzyme aryl-hydrocarbon- 
hydroxylase (AHH), which converts noncarcinogenic 
polycyclic hydrocarbons ta carcinogenic intermediates. 
This hypothesis has not withstood the test of time.'”° 
Decreased immunologic responsiveness occurs in some 
patients with lung cancer, but whether this is the cause 
or the effect of carcinomas is unclear. 

Scarring. Finally, some lung cancers arise in the 
vicinity of pulmonary scars and are termed “scar can- 
cers.” Histologically, these tumors are usually adeno- 
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carcinomas. Among the scars incriminated are old 
infarcts, metallic foreign bodies, wounds, and granu- 
lomatous infections such as tuberculesis. 

HISTOLOGIC CLASSIFICATION. Numerous histologic 
classifications of bronchogenic carcinoma have been 
proposed, but the currently popular ones, based on 
classifications of the World Health Organization (Table 
16—5),!°° divides these tumors into four major categories: 
squamous cell carcinoma, making up 35 to 50%; adeno- 
carcinoma, 15 to 35%; small cell carcinoma, 20 to 25%; 
and large cell carcinoma, 10 to 15%.'*! The range of 
incidences reflects different populations (autopsy or 
surgical series), and the use of varying histologic criteria 
among different pathologists. In addition, there may be 
overlap in the histologic pattern, even in the same 
cancer.'*? Thus, combined types of squamous and ade- 
nocarcinoma or of small cell and squamous carcinoma 
are not infrequent. Nevertheless, the histologic differ- 
entiation is useful, since there are differences among 
the types in terms of epidemiology, distribution in the 
lung, response to various forms of therapy, and prog- 
nosis. For example, squamous cell and small cell carci- 
nomas are predominantly associated with smoking, ad- 
enocarcinomas are more often peripherally located jn 
the lung, and small cell carcinomas have by far the 
poorest prognosis. 

From a histogenetic point of view, it seems most 
likely that all histologic variants of bronchogenic carci- 
noma, as well as bronchial carcinoid to be described 
later, are derived from endoderm—a view consistent 
with the frequency of tumors with mixed histologic 
patterns.'*! The small cell carcinomas and_ bronchial 
carcinoids are derived from the endodermal-neuroen- 
docrine cells and are examples of neuroendocrine tu- 
mors. 


Lung 


MORPHOLOGY.'*' Bronchogenic carcinomas arise 
most often in and about the hilus of the lung. About three- 
fourths of.the lesions take origin from first-, second-, and 
third-order bronchi. A small percentage have a more periph- 
eral origin but are still not located far out near the pleura. A 
small number of primary carcinomas of the lung arise in the 
periphery of the lung substance from the alveolar septal 
cells or terminal bronchioles. These are predominantly ad- 
enocarcinamas, including those of the bronchioloalveolar 
type, to be discussed separately. 

In its development, carcinoma of the lung begins as 


Table 16-5. HISTOLOGIC CLASSIFICATION OF 
BRONCHOGENIC CARCINOMA 


Squamous cell (epidermoid) carcinoma 
Adenocarcinama 
Bronchial derived 
(acinar; papillary; solid) 
Bronchioloalveolar 
Small cell carcinoma 
Oat cell (lymphocyte-like) 
Intermediate cell (polygonal) 
Combined (usually with squamous) 
Large cell carcinoma 
(Undifferentiated; giant cell; clear cell) 
Combined squamous cell carcinoma and 
adenocarcinoma 
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Figure 16—46. Early stage of a bronchogenic carcinoma arising at bifurcation of trachea. 
neoplasm invades wall of trachea and right main stem bronchus at several points. 


an area of in situ cytologic atypia that, over an unknown 
interval of time, yields a small area of thickening or 
piling up of bronchial mucosa. With progression, this small 
focus, usually less than 1 cm in area, assumes the appear- 
ance of an irregular, warty excrescence that elevates or 
erodes the lining epithelium (Figs. 16-46 and 16-47). The 
tumor may then follow one of a variety of paths. It may 
continue to fungate into the bronchial lumen to produce an 
intraluminal mass. At other times, it rapidly penetrates the 
wall of the bronchus to infiltrate along the peribronchial 
tissue (Fig. 16—48) into the adjacent region of the carina or 
mediastinum. It may extend in this fashion into or about the 
pericardium. In other instances, the tumor grows along a 
broad front to produce a cauliflower intraparenchymal mass 

that appears to push lung substance ahead of it. In almost 

all patterns, the neoplastic tissue is gray-white and firm to 

hard. Especially when the tumors are bulky, focal areas of 

hemorrhage or necrosis may appear to produce yellow-white 

mottling and softening. Sometimes these necrotic foci cavi- 
tate. Extension may occur to the pleural surface and then 
within the pleural cavity. 

Despite this variable behavior, certain characteristics 
remain uniform. In most instances, a primary mucosal 
lesion may be found within the bronchus if sought for 
with sufficient diligence. Spread to the tracheal, bronchial, 
and mediastinal nodes can be found in most cases. The 
frequency of such nodal involvement varies slightly with the 
histologic pattern, but averages over 50%. The scalene 
nodes are affected in about half the cases, providing a 
valuable clinical means (biopsy) of diagnosing these lesions. 

More distant spread of bronchogenic carcinoma occurs 
through both lymphatic and hematogenous pathways. These 
tumors have a distressing habit of spreading widely through- 
out the body and often at a very early stage in their evolution. 
Often the metastasis presents as the first manifestation of 
the underlying occult bronchogenic primary lesion. Many 
craniotomies for brain tumor or explorations of a bone tumor 
have been performed only to discover metastatic broncho- 
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genic carcinoma. It has been proposed that it may require 
as long as nine years of growth for a squamous cell 
bronchogenic carcinoma to achieve a size of 2 cm in 
diameter. No organ or tissue is spared in the spread of these 
lesions, but the adrenals, for obscure reasons, are involved 
in over half the cases. The liver (30 to 50%), brain (20%), 
and bone (20%) are additional favorite sites of metastases. 
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Figure 16—47. Invasive bronchogenic 
tumor within bronchial lumen. 
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Figure 16—48. Bronchogenic carcinoma infiltrating peribronchial 
lung substance. 


Squamous Cell Carcinoma. This type is most com- 
monly found in men. It is the form most closely correlated 
with a smoking history. The microscopic features are familiar 
in the form of production of keratin and intercellular bridges 
in the well-differentiated forms, but many less well-differen- 
tiated squamous cell tumors are encountered that begin to 
merge with the undifferentiated large cell pattern. This tumor 
tends to metastasize locally and somewhat later than the 
other patterns, but its rate of growth in its site of origin is 
usually more rapid than that of other types. Squamous 
metaplasia, epithelial dysplasia, and foci of frank carcinoma 
in situ are regularly present in bronchial epithelium adjacent 
to the tumor mass. 

Adenocarcinoma. Various histologic classifications of 
adenocarcinomas include at least two forms: (1) the usual 
bronchial-derived adenocarcinoma; and (2) a somewhat 
distinctive type termed bronchioloalveolar carcinoma, 
which probably arises from terminal bronchioles or alveolar 
walls. There may be overlap between these two forms, but 
the bronchioloalveolar carcinoma has sufficiently distinctive 
gross, microscopic, and epidemiologic features to be dis- 
cussed separately. 

The regular bronchial adenocarcinoma occurs with 
about equal frequency in males and females, unlike the 
small cell or squamous carcinomas, in which there is a 
preponderance among males. The lesions are usually more 
peripherally located; tend to be smaller; and vary histologi- 
cally from well-differentiated tumors with obvious glandular 
elements to papillary lesions resembling other papillary car- 
cinomas, to solid masses with only occasional mucin-pro- 
ducing glands and cells. About 80% contain mucin when 
examined with mucin stains. Adenocarcinomas grow more 
slowly than squamous cell carcinomas. It has been sug- 
gested that the adenocarcinoma requires virtually 25 years 
to reach a size of 2 cm. Peripheral adenocarcinomas are 


Lung 753 


sometimes associated with areas of scarring (scar carci- 
noma), but it may be difficult to determine whether the scar 
preceded or followed the cancer. Adenocarcinomas are less 
frequently associated with a history of smoking than are 
squamous cell carcinomas. 

Small Cell Carcinoma. This is a highly malignant tumor 
of a rather distinctive cell type. The epithelial cells are 
generally small, have little or no distinct cytoplasm, and are 
round or oval, occasionally lymphocyte-like (though about 
twice the size of a lymphocyte). This is the classic “oat cell” 
(Fig. 16-49). Other small cell carcinomas have spindle- 
shaped or polygonal cells and may be thus classified (spindle 
or polygonal small cell carcinoma). The tumor grows in 
clusters that exhibit neither glandular nor squamous orga- 
nization. 

Electron microscopic studies show dense-core neurose- 
cretory granules in some of these tumor cells.*'*' The 
granules are similar to those found in the argentaffin (Kul- 
chitsky) cells in the gastrointestinal tract; such endocrine 
cells are present in fetal and neonatal human bronchial 
epithelium, although they are rare in the adult. The presence 
of neurosecretory granules in small cell carcinomas, and the 
ability of some of these tumors to secrete a variety of 
polypeptide hormones, are characteristics that these tumors 
share with other neuroendocrine tumors of the so-called 
APUD type.* As described elsewhere (p. 842), cells of this 
series are known to produce polypeptide hormones and 
have the ability to take up precursor amines (such as 5- 
hydroxytryptophan) and convert them to the corresponding 
peptides. Although a neural crest origin was once surmised 
for these bronchial cells, they are now thought to be endo- 
dermal in origin. 

Small cell carcinomas have a strong relationship to 
cigarette smoking. Most often hilar or central, they are the 
most aggressive of lung tumors, metastasize widely, and 
are essentially incurable by surgical means. They are the 
most common tumor associated with ectopic hormone pro- 
duction. 

Large Cell Carcinoma. These anaplastic carcinomas 
have larger, more polygonal cells and vesicular nuclei. They 
probably represent those squamous carcinomas and adeno- 
Carcinomas that are so undifferentiated that they can no 


Figure 16—49. Small cell carcinoma. Note islands of small, round, 
oval or spindly, deeply basophilic cells (Courtesy of Dr. Marcel 
Seiler, Boston.) 
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longer be recognized. Some of these large cell carcinomas 
contain intracellular mucin, some exhibit large numbers of 
multinucleate cells (giant cell carcinoma), some have a 
clear cytoplasm and are termed clear cell carcinoma, and 
some have a distinctly spindly histologic appearance (spin- 
die cell carcinoma). 

Secondary Pathology. Bronchogenic carcinomas 
cause related anatomic changes in the lung substance distal 
to the point of bronchial involvement. Partial obstruction 
may cause marked focal emphysema; total obstruction 
may lead to atelectasis. The impaired drainage of the 
airways is a common cause for severe suppurative or 
ulcerative bronchitis or bronchiectasis. Pulmonary ab- 
scesses sometimes call attention to a silent carcinoma that 
has initiated the chronic suppuration. Compression or inva- 
sion of the superior vena cava may lead either to marked 
venous congestion or to the full-blown superior vena caval 
syndrome. Extension to the pericardial or pleural sacs may 
cause pericarditis or pleuritis with significant effusions. 


THE RESPIRATORY SYSTEM 


STAGING. A uniform system for staging cancer 
according to its anatomic extent at the time of diagnosis 
is extremely useful for many reasons, chiefly for com- 
paring treatment results from different centers. De- 
spite some lack of agreement on a staging system for 
lung cancer, the following TNM classification has widest 
acceptance: 

Tumor. 

TX: Demonstrable only by cytology of bronchopul- 
monary secretions. 

T1: 3-cm diameter or less; distal-to-lobar bronchus. 

T2: Any size extending to hilar region, or >3-cm 
diameter. 

T3: Any size within 2 cm of the carina or invading 
adjacent structures (e.g., the mediastinum or dia- 
phragm). 

Nodes. 

NO: None. 

N1: Ipsilateral hilar nodes. 

N2: Mediastinal nodes. 

Metastases. 

MO: None. 

M1: Distant metastases including to scalene nodes 
or contralateral hilar nodes. 

These data are combined to describe lung cancer 
as follows: 

Occult. Bronchopulmonary secretions contain ma- 
lignant cells, but there is no other evidence of lung 
cancer (TX NO MO). 

Stage |. A tumor classified as Tl with or without 
involvement of the ipsilateral hilar nodes, or a tumor 
classified as T2 without any nodal involvement (Tl NO 
MO, Tl N1 MO, or T2 NO MO). 

Stage /I. A tumor classified as T2 with involvement 
of the ipsilateral hilar nodes (T2 N1 MO). 

Stage fll. Any tumor with involvement of the me- 
diastinal nodes or with distant metastases, or any tumor 
more extensive than T2 (N2 with any T or M, M1 with 
any T or N, or T3 with any N or MO). 

CLINICAL Course. Lung cancer is one of the most 
insidious and aggressive neoplasms in the whole realm 
of oncology.'* In the usual case, it is discovered in a 


male in the sixth decade of life whose symptoms are of 
approximately seven months duration. The major pre- 
senting complaints are cough (75%), weight loss (40%), 
chest pain (40%), and dyspnea (20%). Not infrequently, 
the tumor is discovered by its secondary spread in the 
course of investigation of an apparent primary neoplasm 
elsewhere. Despite all efforts at early diagnosis by 
frequent radioscopic examination of the chest, the use 
of the Papanicolaou smears on sputum and bronchial 
washings, and the many improvements in thoracic sur- 
gery, the overall five-year survival rate is in the order 
of 9%.1** In many large clinics, not more than 20 to 30% 
of lung cancer patients have lesions sufficiently localized 
even to permit an attempt at resection. In general, the 
adenocarcinoma and squamous cell patterns tend to 
remain localized longer and have a slightly better prog- 
nosis than the undifferentiated cancers, which usually 
are invasive lesions by the time they are discovered. In 
an analysis of almost 4000 cases, the overall five-year 
survival rate of males was approximately 10% for squa- 
mous cell carcinoma and adenocarcinoma, but only 3% 
for undifferentiated lesions. Surgical resection for small 
cell carcinoma is so ineffective that this diagnosis is said 
to preclude operative attempts at treatment; instead, 
radiotherapy and chemotherapy are instituted. Un- 
treated, the survival time for small cell cancer is six to 
17 weeks. With treatment, the mean survival after 
diagnosis is about one year. 

Despite this discouraging outlook, it must never be 
forgotten that many patients have been cured by lobec- 
tomy or pneumonectomy, emphasizing the continued 
need for early diagnosis and adequate prompt therapy. 
Indeed, for localized solitary ‘tumors less than 4 cm in 
diameter (T1 and T2, NO, MO), total surgical resection 
results in up to 50% five-year survival, except in cases 
of small cell carcinoma and some larger cell anaplastic 
tumors.‘ 

One of the most intriguing clinical aspects of bron- 
chogenic carcinoma is its association with a series of 
hormonal and systemic syndromes (paraneoplastic syn- 
dromes, p. 255), some of which may antedate the 
development of a gross pulmonary lesion.” The hor- 
mones or hormone-like factors elaborated include (1) 
antidiuretic hormone, inducing hyponatremia due to 
inappropriate ADH secretion; (2) ACTH, producing 
Cushing’s syndrome; (3) parathormone and or prosta- 
glandin E, inducing hypercalcemia; (4) calcitonin, caus- 
ing hypocalcemia; (5) gonadotropins, causing gyneco- 
mastia; and (6) serotonin, associated with the carcinoid 
syndrome. Any one of the histologic types of tumors 
may occasionally produce any one of the hormones, but 
tumors producing ACTH and ADH are predominantly 
small cell carcinomas, whereas those producing hyper- 
calcemia are mostly squamous cell tumors. The carcinoid 
syndrome is associated rarely with oat cell carcinoma 
but is more common with the bronchial carcinoids, 
described later. 

Other systemic manifestations of bronchogenic car- 
cinoma include a myopathy, characterized by muscle 
weakness; peripheral neuropathy, usually purely sen- 
sory; dermatologic abnormalities, including acanthosis 


nigricans (p. 1274); hematologic abnormalities such as 
leukemoid reactions; and finally a peculiar abnormality 
of connective tissue called hypertrophic pulmonary os- 
teoarthropathy, associated with clubbing of the fingers. 

Apical lung cancers in the superior pulmonary 
sulcus tend to invade the neural structures around the 
trachea, including the cervical sympathetic plexus, and 
produce a group of clinical findings that includes severe 
pain in the distribution of the ulnar nerve and Horner's 
syndrome (enophthalmos, ptosis, miosis, and anhidrosis) 
on the same side as the lesion. Such tumors are also 
referred to as Pancoast’s tumors. 

There is much yet to be learned about the biology 
of these neoplasms, but most important is an under- 
standing of their causation. Until we know more, ciga- 
rette smoking must stand indicted as the major villain. 


BRONCHIOLOALVEOLAR CARCINOMA 


As the name implies, this form of lung cancer 
occurs well out in the pulmonary parenchyma in the 
terminal bronchioloalveolar regions. !* 1°° It represents, 
in various series, 1.1 to 9.0% of all lung cancers. 
Changes are very similar histologically to an apparently 
infectious disease of South African sheep known as 
jagziekte. However, numerous efforts to identify an 
infectious agent in man or to transmit the disease to 
sheep with cell-free extracts of human carcinoma have 
been unavailing. 


Histologically, the tumor is characterized by distinctive, 
tall, columnar-to-cuboidal epithelial cells that line up along 
alveolar septa and project into the alveolar spaces in nu- 
merous branching papillary formations (Fig. 16-50). The 
tumor cells often contain abundant mucinous secretions. 
Many times:the columnar cells desquamate into the alveolar 
spaces, virtually filling them, and, in the more anaplastic 
lesions, masses of cytologically atypical epithelial cells fill 
the alveoli. Occasional large multinucleated giant cells are 
produced. The degree of anaplasia is quite variable, but 
most tumors are well differentiated and tend to preserve the 
native septal wall architecture. Ultrastructurally, bronchio- 
loalveolar carcinomas are a heterogeneous group, consisting 
of mucin-secreting bronchiolar cells, Clara cells (most com- 
monly), or (rarely) Type II pneumonocytes. 

Macroscopically, the tumor almost always occurs in the 
peripheral portions of the lung either as a single nodule, or 
more often as multiple diffuse nodules that sometimes coa- 
lesce to produce a pneumonia-like consolidation. The paren- 
chymal nodules have a mucinous gray translucence when 
secretion is present and otherwise appear as solid gray- 
white areas, which can be confused with pneumonia on 
Casual inspection. Because the tumor does not involve major 
bronchi, atelectasis and emphysema are infrequent accom- 
paniments. Metastases are not widely disseminated or large, 
nor do they occur early, but they eventually appear in up to 
45% of cases. 


Clinically, these tumors occur in patients of all ages 
from the third decade to advanced years of life. They 
are equally distributed among males and females. The 
symptomatology, which usually appears late, is much 
like that of bronchogenic carcinoma, with cough, hem- 
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Figure 16—50. Terminal bronchiolar (alveolar) carcinoma with char- 
acteristic tall columnar cell papillary growth. 


optysis, and pain the major presenting findings. Occa- 
sionally they may produce a picture of diffuse interstitial 
pneumonitis (p. 743). The overall five-year survival rate 
is about 25%. 


BRONCHIAL CARCINOID 


Bronchial carcinoids represent about 5% of all lung 
tumors.'*° They make up over 90% of a group of 
bronchial tumors formerly classified as “bronchial ade- 
noma, but now known to be often locally invasive or 
occasionally capable of metastasis. The remaining 10% 
of the group includes adenoid cystic carcinoma and 
mucoepidermoid carcinoma—tumors with histologic 
patterns reminiscent of similar tumors in salivary glands 
(p. 793). Most patients with carcinoid tumors are under 
40 years of age, and the incidence is equal for both 
sexes. There is no known relationship to cigarette smok- 
ing or other environmental factors. Bronchial carcinoids 
arise from the neuroendocrine argentaffin cells of the 
bronchial mucosa (Kulchitsky) and resemble intestinal 
carcinoids, described in detail on page 842. They contain 
dense-core neurosecretory granules in their cytoplasm, 
secrete hormonally active polypeptides, and occasionally 
occur as part of multiple endocrine neoplasia (p. 988). 


Histologically, the tumor is composed of nests, cords, 
and masses of cells separated by a delicate fibrous stroma. 
In common with the lesions of the gastrointestinal tract, the 
individual cells are quite regular and have uniform round 
nuclei and infrequent mitoses (Fig. 16-51). Occasional car- 
cinoid adenomas display variation in the size and shape of 
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cells and nuclei and, along with this pleomorphism, tend to 
demonstrate a more aggressive and more invasive behavior. 
On electron microscopy the cells exhibit the dense-core 
granules characteristic of other neuroendocrine tumors (Fig. 
18-33, p. 842). 

On gross examination, the tumors grow as finger-like or 
spherical polypoid masses that commonly project into the 
lumen of the bronchus and are usually covered by an intact 
«mucosa. They rarely exceed 3 to 4 cm in diameter. Most 
are confined to the main stem bronchi. Others, however, 
produce little intraluminal mass but instead penetrate the 
bronchial wall to fan out in the peribronchial tissue, producing 
the so-called “collar-button” lesion. The parenchymal infiltra- 
tion often forms a cohesive sphere apparently pushing the 
lung substance ahead of it (Fig. 16-52). This sharp line of 
delineation is more apparent than real, since microscopic 
examination usually indicates local infiltration and no encap- 
sulation. 


The clinical manifestations of bronchial carcinoids 
emanate from their intraluminal growth, their capacity 
to metastasize, and the ability of some of these lesions 
to elaborate vasoactive amines. Persistent cough, he- 
moptysis, impairment of drainage of respiratory passages 
with secondary infections, bronchiectasis, emphysema, 
and atelectasis are all by-products of the intraluminal 
growth of these lesions. 

About 40% of these tumors metastasize to regional 
nodes and cause enlargement of the hilar nodes; 5 to 
10% also metastasize to the liver to produce hepato- 
megaly. Most interesting, however, are those function- 
ing lesions of the argentaffinoma pattern capable of 
producing the classic carcinoid syndrome, i.e., inter- 
mittent attacks of diarrhea, flushing, and cyanosis (p. 
844). It has, in fact, been possible to isolate 5-hydroxy- 
tryptamine (serotonin) from some lesions. In addition, 
bradykinin, a potent vasodilator, is released during 
flushes, probably by the action of kallikrein from tumors 
on the plasma globulin kininogen. Overall, most bron- 
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Figure 16—51. Bronchial cardncid: 


Figure 16—52. Bronchial carcinoid growing as a spherical pale mass 
(arrow) apparently external to lumen of bronchus (B). 


chial carcinoids do not have secretory activity and do 
not metastasize, but follow a relatively benign course 
for long periods and are therefore amenable to resection. 


MISCELLANEOUS TUMORS 


The complex category of benign and malignant 
mesenchymal tumors, such as fibroma, fibrosarcoma, 
leiomyoma, leiomyosarcoma, lipoma, hemangioma, and 
chondroma, may occur but they are rare. Benign and 
malignant lymphoreticular tumors and tumor-like con- 
ditions, largely similar to those described in other organs 
may also affect the lung, either as an isolated lesion or 
more commonly as part of a generalized disorder.!" 
These include non-Hodgkin's and Hodgkin’s lymphoma, 
lymphomatoid granulomatosis, pseudolymphoma, and 
plasma cell granuloma. 

The relatively common hamartoma merits a brief 
description. It is usually discovered as an incidental, 
rounded focus of radiopacity on a routine chest film, 
giving rise to what the roentgenologist calls a “coin 
lesion.” These neoplasms are rarely over 3 to 4 cm in 
diameter and are principally composed of mature hya- 
line cartilage. Occasionally, the cartilage contains cystic 
or cleftlike spaces, and these may be lined by charac- 
teristic respiratory epithelium. At other times, there are 
admixtures of fibrous tissue, fat, and blood vessels, 
making it clear that these lesions probably represent a 
hamartoma of the lung. 

Tumors in the mediastinum either may arise in 
mediastinal structures or may be metastatic from the 
lungs or other organs. They may also invade or compress 
the lungs. Table 16-6 lists the most common tumors in 
the various compartments of the mediastinum. Specific 
tumor types are discussed in appropriate sections of this 


book. 


Table 16-6. MEDIASTINAL TUMORS 


Superior Mediastinum 


Posterior Mediastinum 


Lymphoma Neurogenic tumors 
Thymoma (schwannoma; 
Thyroid lesions neurofibroma) 
Metastatic carcinoma Lymphoma 


Gastroenteric hernia 
Middle Mediastinum 


Parathyroid tumors 


Anterior Mediastinum 


Thymoma Bronchogenic cyst 
Teratoma Pericardial cyst 
Lymphoma Lymphoma 


Thyroid lesions 
Parathyroid tumors 


METASTATIC TUMORS OF LUNG 


The lung is more often affected by metastatic 
growths than it is by primary neoplasms. Both carcino- 
mas and sarcomas arising anywhere in the body may 
spread to the lungs via the blood or lymphatics or by 
direct continuity. Growth of contiguous tumors into the 
lungs occurs most often with esophageal carcinomas and 
mediastinal lymphomas. 

The pattern of metastatic growth within the lungs 
is quite variable. In the usual case, multiple discrete 
nodules are scattered throughout all lobes (Fig. 16-53). 
These discrete lesions tend to occur in the periphery of 
the lung parenchyma rather than in the central locations 
of the primary bronchogenic carcinoma. 

As asecond macroscopic variant, metastatic growths 
may confine themselves to peribronchiolar and perivas- 
cular tissue spaces, presumably when the tumor has 
extended to the lung through the lymphatics. Here the 
lung septa and connective tissue are diffusely infiltrated 
with the gray-white tumor. Least commonly, the met- 
astatic tumor is totally inapparent on gross examination 
and only becomes evident on histologic section as a 
diffuse intralymphatic dissemination dispersed through- 
out the peribronchial and perivascular channels. The 
subpleural lymphatics may be outlined by the contained 
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Figure 16-53. Metastases in lung from a breast carcinoma in a 56- 
year-old woman. 


tumor, producing an anatomic pattern referred to as 
lymphangitis carcinomatosa. In certain instances, mi- 
croscopic tumor emboli fill the small pulmonary vessels 
and may result in life-threatening pulmonary hyperten- 
sion. 


OUI 


Pathologic involvement of the pleura is, with rare 
exceptions, a secondary complication of some underlying 
disease. The only primary disorders that are reasonably 
common are (1) primary intrapleural bacterial infections 
that imply seeding of this space as an isolated focus in 
the course of a transient bacteremia and (2) a primary 
neoplasm of the pleura—mesothelioma. With these 
exceptions, pleural diseases usually follow some under- 
lying disorder, most often pulmonary. Secondary infec- 
tions are extremely common, however, and pleural 
adhesions or other forms of pleural involvement are 
present in at least two-thirds of all postmortem cases. 
Occasionally, the secondary pleural disease assumes 
a dominant role in the clinical problem, as occurs 
in bacterial pneumonia with the development of em- 
pyema. 


Pleural effusion is a common manifestation of both 
primary and secondary pleural involvements.'*’ Nor- 
mally, no more than 15 ml of serous relatively acellular 
clear fluid lubricates the pleural surface. Increased 
accumulation of pleural fluid occurs under five settings: 
(1) increased hydrostatic pressure, as in congestive heart 
failure; (2) increased vascular permeability, as in pneu- 
monia; (3) decreased oncotic pressure, as in nephrotic 
syndrome; (4) increased intrapleural negative pressure, 
as in atelectasis; and (5) decreased lymphatic drainage, 
as in mediastinal carcinomatosis. The character of the 
pleural effusion under these circumstances is variable, 
as we shall see. 

Diseases of the pleura can be divided for conven- 
ience into inflammations, noninflammatory pleural ef- 
fusions, and neoplasms. 
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INFLAMMATIONS 


Inflammations of the pleura (pleuritis), depending 
on their stage and causative agent, can be divided on 
the basis of the character of the resultant exudate into 
serous, fibrinous, serofibrinous, suppurative (empy- 
ema), and hemorrhagic pleuritis. 


SEROFIBRINOUS PLEURITIS 


Serous, serofibrinous, and fibrinous pleuritis are all 
caused by essentially the same processes. Fibrinous 
exudations generally reflect a later and more severe 
exudative reaction that, in an earlier developmental 
phase, might have presented as a serous or serofibrinous 
exudate. 

The common causes of such pleuritis are inflam- 
matory diseases within the lungs, such as tuberculosis, 
pneumonia, lung infarcts, lung abscess, and bronchiec- 
tasis. Rheumatoid arthritis, disseminated lupus erythe- 
matosus, uremia, the diffuse systemic infections, and 
other systemic disorders also cause serous or serofibri- 
nous pleuritis. Occasionally, metastatic involvement of 
the pleura produces a pure serous or serofibrinous 
pleuritis. The pleura is almost invariably affected in 
tuberculosis, and the pleural reaction in the early stages 
tends to remain as a serous or copious serofibrinous 
exudation, designated pleurisy with effusion. Irradiation 
used in therapy of tumors in the lung or mediastinum 
often causes a serofibrinous pleuritis. 

It is frequently important to differentiate an exudate 
of inflammatory origin from a transudate of circulatory 
origin, particularly in older individuals suffering from 
cardiac failure, in whom pulmonary infection may be 
suspected. In general, the inflammatory effusions consist 
of relatively clear, limpid, straw-colored fluid in which, 
occasionally, small strands of opaque, yellow-white fi- 
brin may be found floating. The specific gravity tends 
to be greater than 1.016 to 1.020, and scattered lym- 
phocytes, macrophages, and polymorphonuclear neutro- 
phils, as well as the ever-present mesothelial cells, can 
frequently be found within the sediment after centrifu- 
gation. In contrast, the transudates are clear and watery 
fluids with a specific gravity less than 1.012. Only 
mesothelial cells are present in the sediment, with 
possibly a few scattered lymphocytes. 

In most instances the inflammatory reaction is only 
minimal, and the fluid exudate is resorbed with either 
resolution or organization of the fibrinous component. 
Since the exudative responses may sometimes cause the 
accumulation of up to several liters in each pleural 
cavity, they may be responsible for considerable en- 
croachment upon lung space and give rise to respiratory 
distress. 


SUPPURATIVE PLEURITIS (EMPYEMA) 


A purulent pleural exudate usually implies bacterial 
or mycotic seeding of the pleural space. Most com- 
monly, this occurs by contiguous spread of organisms 


from intrapulmonary suppuration, but occasionally it 
occurs by lymphatic or hematogenous dissemination 
from a more distant infection. Rarely, suppurative in- 
fections below the diaphragm, such as the subdiaphrag- 
matic or liver abscess, may extend by continuity through 
the diaphragm into the pleural spaces, more often on 
the right side. 

Empyema is characterized by yellow-green creamy 
pus that may accumulate in large volumes (up to 500 to 
1000 ml), but usually in smaller amounts than the serous 
reactions described. The exudate is made up of masses 
of polymorphonuclear neutrophils admixed with other 
leukocytes. Although it may be difficult to visualize 
microorganisms on smears of the exudate, it should be 
possible to demonstrate them by cultural methods. 
Empyema may resolve, but this fortunate outcome is 
less common than organization of the exudate, with the 
formation of dense, tough fibrous adhesions that fre- 
quently obliterate the pleural space. Sometimes a thick, 
dense connective tissue layer is formed that envelops 
the lungs and seriously embarrasses pulmonary expan- 
sion. Calcification may occur in this scar tissue. Massive 
calcification is particularly characteristic of tuberculous 
empyema. 


HEMORRHAGIC PLEURITIS 


True sanguineous inflammatory exudates must be 
differentiated from bloody or traumatic contamination 
of serous or serofibrinous exudates. The slight bleeding 
that often occurs in the course of fluid withdrawal is the 
most frequent cause of confusion. Hemorrhagic exudates 
are infrequent and are found in hemorrhagic diatheses, 
rickettsial diseases, and neoplastic involvement of the 
pleural cavity. The sanguineous exudate must be differ- 
entiated from whole blood that may fill the pleural 
cavity when an aneurysm ruptures. When hemorrhagic 
pleuritis is encountered, careful search should be made 
for the presence of exfoliated tumor cells. 


NONINFLAMMATORY PLEURAL 
EFFUSIONS 


HYDROTHORAX 


Noninflammatory collections of serous fluid within 
the pleural cavities are called hydrothorax. The fluid is 
clear and straw-colored and has the other characteristics 
already mentioned. Hydrothorax may be unilateral or 
bilateral, depending on the underlying etiology. The 
most common cause of hydrothorax is cardiac failure, 
and for this reason it is usually accompanied by pul- 
monary congestion and edema. In cardiac failure, hy- 
drothorax is usually, but not invariably, bilateral. Tran- 
sudations may collect in any other systemic disease 
associated with generalized edema, and are therefore 
found in renal failure and cirrhosis of the liver. 

In most instances, hydrothorax is not loculated, 
but, in the presence of preexistent pleural adhesions, 


local collections may be found walled off by bridging 
fibrous tissue. Except for these localized collections, the 
fluid usually collects basally, when the patient is in an 
upright position, and causes compression and atelectasis 
of the inundated regions of the lung. If the underlying 
cause is alleviated, hydrothorax may be resorbed, usu- 
ally leaving behind no permanent alterations. In many 
instances, highly satisfying relief of respiratory distress 
is accomplished by the withdrawal of large pleural 
transudates. 


HEMOTHORAX 


The escape of blood into the pleural cavity is known 
as hemothorax. It is almost invariably a fatal complica- 
tion of a ruptured aortic aneurysm. Pure hemothorax is 
readily identifiable by the large clots that accompany 
the fluid component of the blood. Since this calamity 
almost invariably leads to death within minutes to hours, 
it is uncommon to find any response within the pleural 
cavity. Rarely, leakage of smaller amounts may not prove 
fatal promptly and provides a stimulus to organization 
and the development of pleural adhesions. 


CHYLOTHORAX 


Chylothorax is an accumulation of milky fluid, 
usually of lymphatic origin, in the pleural cavity. Chyle 
is milky white because it contains finely emulsified fats. 
When it is allowed to stand, a creamy, fatty, supernatant 
layer separates. True chyle should be differentiated from 
turbid serous fluid, which does not contain fat and does 
not separate into an overlying layer of high fat content. 
Chylothorax may be bilateral but is more often confined 
to the left side. The volume of fluid is variable but 
rarely assumes the massive proportions of hydrothorax. 

Chylothorax is most often encountered in malignant 
conditions arising within the thoracic cavity, usually 
malignant lymphomas that cause obstruction of the 
major lymphatic ducts. More distant cancers may me- 
tastasize via the lymphatics and grow within the right 
lymphatic or thoracic duct to produce obstruction. Pre- 
sumably obstruction causes rupture of these ducts, with 
the escape of the milky-white chylous fluid. 


PNEUMOTHORAX 


Pneumothorax refers to air or gas in the pleural 
cavities, and may be spontaneous, traumatic, or thera- 
peutic. Spontaneous pneumothorax may complicate any 
form of pulmonary disease that causes rupture of an 
alveolus. An abscess cavity that communicates either 
directly with the pleural space or with the lung inter- 
stitial tissue may also lead to the escape of air. In the 
latter circumstance, the air may dissect through the 
lung substance or back through the mediastinum, even- 
tually to enter the pleural cavity. Pneumothorax is most 
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commonly associated with emphysema, asthma, and 
tuberculosis. Traumatic pneumothorax is usually caused 
by some perforating injury to the chest wall, but some- 
times the trauma pierces the lung to provide two 
avenues for the accumulation of air within the pleural 
spaces. Therapeutic pneumothorax was once a com- 
monly practiced method of deflating the lung to favor 
the healing of tuberculous lesions. Such induced pneu- 
mothorax slowly subsides, however, because of absorp- 
tion of the introduced air, and requires constant replen- 
ishment. The same is true for spontaneous and traumatic 
pneumothorax, provided the original communication 
seals itself. 

Of the various forms of pneumothorax, the one that 
attracts greatest clinical attention is so-called sponta- 
neous idiopathic pneumothorax. This entity is encoun- 
tered in relatively young people; appears to be due to 
rupture of small, peripheral, usually apical subpleural 
blebs; and usually subsides spontaneously as the air is 
resorbed. Recurrent attacks are common and may be 
quite disabling. 

Pneumothorax can be identified anatomically only 
by careful opening of the thoracic cavity under water to 
detect the escape of gas or air bubbles. This technique 
is best performed by creating a pocket of a skin flap 
that can be filled with water before the thorax is opened. 
By puncturing the pleural cavity with some instrument 
under water, it is possible to note the escape of bubbles. 
Pneumothorax may have as much significance as a fluid 
collection within the lungs, since it also causes compres- 
sion, collapse, and atelectasis of the lung and may be 
responsible for marked respiratory distress. Occasion- 
ally, the lung collapse is marked: when the defect acts 
as a flap valve and permits the entrance of air during 
inspiration, but fails to permit its escape during expi- 
ration, it effectively acts as a pump that creates tension 
pneumothorax. 


Pleura 


TUMORS OF PLEURA 


The pleura may be involved in primary or secon- 
dary tumors. Secondary metastatic involvement is far 
more common than are primary tumors. The most 
frequent metastatic malignancies arise from primary 
neoplasms of the lung and breast. Advanced mammary 
carcinomas frequently penetrate the thoracic wall di- 
rectly to involve the parietal and then the visceral 
pleura. They may also reach these cavities through the 
lymphatics and, more rarely, the blood. In addition to 
these cancers, malignancy from any organ of the body 
may spread to pleural spaces. Ovarian carcinomas are 
the major offenders, since these tumors tend to cause 
widespread implants in both the abdominal and the 
thoracic cavities. In most of these metastatic involve- 
ments, a serous or serosanguineous effusion follows that 
may contain desquamated neoplastic cells. For this 
reason, careful cytologic examination of the sediment is 
of considerable diagnostic value. 
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MESOTHELIOMA 


These are rare tumors that arise from either the 
visceral or the parietal pleura.’ '? Although distinctly 
uncommon, they have assumed great importance in the 
past few years because of the increased incidence of 
malignant mesothelioma among persons with a heavy 
exposure to asbestos.'” In coastal areas with shipping 
industries in the United States and Britain, or in Ca- 
nadian and South African mining areas, up to 90% of 
reported mesotheliomas are asbestos related. The life- 
time risk of the development of mesothelioma in heavily 
exposed individuals is as high as 7 to 10%. There is a 
long-latent period of 25 to 45 years for the development 
of asbestos-related mesothelioma, and there seems to 
be no increased risk in asbestos workers who smoke. 
This is in contrast to asbestos-related bronchogenic 
carcinoma, in which the risk of cancer rises sharply 
within ten years of asbestos exposure and is markedly 
magnified by smoking. Thus, for asbestos workers (par- 
ticularly those who are also smokers), the risk of dying 
of lung carcinoma far exceeds that of developing meso- 
thelioma. 

Asbestos bodies are found in the lungs of up to 
100% of patients with mesothelioma, and mesotheliomas 
can be induced readily in experimental animals by 
intrapleural injections of asbestos.'" There is thus little 
doubt about the carcinogenicity of asbestos; the mech- 
anisms of cancer induction are discussed on page 440. 
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There are two types of mesotheliomas: 

1. The benign, localized mesothelioma (also called 
pleural fibroma) is a localized growth that is often attached 
to the pleural surface by a pedicle. The tumors may be small 
(1 to 2 cm in diameter) or may reach an enormous size, but 
always remain confined to the surface of the lung. These 
tumors do not usually produce a pleural effusion. Grossly, 
they consist of dense fibrous tissue with occasional cysts 
filled with viscid fluid; microscopically, the tumors show 
whorls of reticulin and collagen fibers among which are 
interspersed spindle cells resembling fibroblasts. For this 
reason, these mesotheliomas are also termed “fibromas.” 
In some instances, the mesothelial cells acquire a cuboidal 
appearance and line papillary processes. The benign meso- 
thelioma has no relationship to asbestos exposure. 

2. The malignant mesothelioma is a diffuse lesion that 
spreads widely in the pleural space and is usually associated 
with extensive pleural effusion and direct invasion of thoracic 
structures. The affected lung is ensheathed by a thick layer 
of soft, gelatinous, grayish-pink tumor tissue (Fig. 16-54). 
Microscopically, malignant mesotheliomas consist of a mix- 
ture of two types of tissues, one of which might predominate 
in an individual case. Mesothelial cells have the potential to 
develop as either mesenchymal stromal cells or epithelium- 
like lining cells. The mesenchymal type of mesothelioma 
appears as a spindle cell sarcoma, resembling fibrosarcoma 
(sarcomatoid type), whereas the papillary type consists of 
cuboidal, columnar, or flattened cells forming a tubular and 
papillary structure (epithelial type), resembling adenocar- 
cinoma (Fig. 16-55). Indeed, epithelial mesothelioma may 
at times be difficult to differentiate from pulmonary adeno- 
carcinoma. Special features that favor mesothelioma include: 


Figure 16—54. Malignant mesothelioma. Note thick, firm, white, pleural tumor tissue that ensheathes 


this bisected lung. (Courtesy of Dr. Marcel Seiler, West Roxbury Veterans Administration Hospital.) 
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Figure 16-55. Mesothelioma, papillary epithelial type. Note resem- 


blance to papillary adenocarcinoma. (Courtesy of Dr. John Godleski, 
Brigham and Women’s Hosptal, Boston) 


positive-staining for acid mucopolysaccharide, which is in- 
hibited by previous digestion by hyaluronidase; strong stain- 
ing for keratin proteins, with accentuation of perinuclear 
rather than peripheral staining; and, on electron microscopy, 


INFLAMMATIONS 


There are only two reasonably common forms of 
disease of the larynx: inflammation and neoplasms. 
Inflammation of the larynx, laryngitis, usually occurs as 
a part of inflammatory disorders of the lungs and lower 
respiratory air passages. Occasionally, most often in 
heavy smokers, the larynx is affected alone without 
involvement of the lower air passages. However, the 
larynx may also be affected in many systemic infectious 
diseases, such as tuberculosis, syphilis, and diphtheria, 
and it may also be secondarily involved in inflammations 
that begin in the oral cavity, such as streptococcal sore 
throat, thrush, or any of the nonspecific bacterial dis- 
orders of the oral cavity or accompanying lymphoid 
structures. Laryngeal inflammation, although usually of 
trivial clinical significance, may at times be serious, 
particularly in infancy or childhood when the marked 
exudation or edema may cause laryngeal obstruction. 
The severe edema of allergic origin that may follow 
inhalation or ingestion of an allergen or that sometimes 
arises after a bee or insect bite may cause sudden 
alarming, but usually transitory, distress. 


TUMORS OF LARYNX 


Neoplasms of the larynx are, on the whole, uncom- 
mon. These tumors may be either benign or malignant, 
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the presence of long microvilli and abundant tonofilaments, 
but absent microvillous rootlets and lamellar bodies.'** The 
mixed type of mesothelioma contains both epithelial and 
sarcomatoid patterns. 


Larynx 


The presenting complaints are chest pain, dyspnea, 
and, as noted, recurrent pleural effusions. '*° Concurrent 
pulmonary asbestosis (fibrosis) is present in only 20% of 
patients with pleural mesothelioma. Fifty per cent of 
those with pleural disease die within 12 months of 
diagnosis, and very few survive longer than two years. 
The lung is invaded directly, and there is metastatic 
spread to the hilar lymph nodes and eventually to liver 
and other distant organs. 

Mesotheliomas also arise in the peritoneum, peri- 
cardium, tunica vaginalis, and genital tract (benign 
adenomatoid tumor, see p. 1098). Peritoneal mesothe- 
liomas are particularly related to very heavy asbestos 
exposure; 50% of such patients also have pulmonary 
fibrosis. Although in about 50% of cases the disease 
remains confined to the abdominal cavity, intestinal 
involvement frequently leads to death from intestinal 
obstruction or inanition. 


Larynx 


and the malignant forms are almost invariably squamous 
cell carcinomas. !“ 


BENIGN NEOPLASMS 


The benign neoplasms run the gamut of every cell 
type found within this structure, and accordingly include 
polyps and papillomas, chondromas, and leiomyomas, 
corresponding to the native cellular structure of this 
organ. With the exceptions of the polyp and the papil- 
loma, the benign tumors are extremely uncommon and 
follow the identical pattern of growth of these tumors 
situated anywhere in the body. 

Polyps of the larynx are smooth, rounded, sessile, 
or pedunculated nodules that rarely exceed 1 cm in 
diameter and occur most often on the true vocal cords. 
They usually are totally covered by squamous epithe- 
lium that may become ulcerated when the nodules are 
exposed to the trauma of the opposing vocal cord. 
Microscopically, the polyp is composed largely of a core 
or stroma of connective tissue, varying from a loose 
myxomatous network to a dense, collagenous, hyaline, 
scarlike mass. Usually, the nonulcerated and nonin- 
fected polyp has only scattered inflammatory white cells 
within the stroma. Frequently, the stroma is intensely 
vascularized. 

Polyps occur chiefly in adults and predominantly 
in males. They are more often found in heavy smokers 
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or in individuals who impose great strain upon their 
larynx. Polyps are frequently found in singers and are 
sometimes designated “singers nodes.” Because of their 
strategic location, they characteristically cause modifi- 
cation of the character of the voice and progressive 
hoarseness. 

The papilloma is a true neoplasm that grows as a 
soft, succulent, raspberry-like, friable excrescence or 
nodule, usually on the true vocal cords. These rarely 
exceed 1 cm in diameter, are frequently ulcerated 
because of their fragility, and bleed readily on manip- 
ulation. As papillomas, they are composed of multiple 
finger-like projections barely discernible on gross in- 
spection. On histologic inspection, these papillae are 
composed of a central core of fibrous tissue covered by 
stratified squamous epithelium. In many cases, pro- 
tracted trauma to these masses produces marked epi- 
thelial atypicality and proliferation. It is therefore not 
uncommonly difficult to distinguish the benign papil- 
loma from a malignant squamous cell carcinoma, and in 
fact it is believed that these benign neoplasms have the 
potential of undergoing malignant transformation. 

These lesions occur at any age and, although usually 
single in adults, may be multiple in children. The 
multiple juvenile papillomas often regress at puberty; 
they are now known to be caused by one of the human 
papilloma viruses (HPV II).‘*”7 These childhood tumors 
are responsible for progressive hoarseness and, if large, 
encroachment upon the airway, with respiratory diffi- 
culty. Malignant transformation is rare and almost al- 
ways occurs after irradiation of these lesions. 


THE RESPIRATORY SYSTEM 


MALIGNANT TUMORS 


Although any type of malignancy, carcinomatous or 
sarcomatous, may arise in the larynx from the native 
cell population, all are extremely uncommon save for 
carcinomas arising in the surface epithelium. The car- 
cinomas are usually found in adults beyond the fourth 
decade of life and are considerably more common in 
males than in females, in the ratio of approximately 7 
to 1. The basis for this sex relationship is not clear, but 
it is certain that cigarette smoking and other environ- 
mental factors play a role. An increased incidence of 
exposure to asbestos has been reported in patients with 
laryngeal cancer. 

Most carcinomas of the larynx occur directly on the 
vocal cords, but they may also be found above and 
below the cords, on the epiglottis and aryepiglottic 
folds, and in the piriform sinuses. Those arising within 
the larynx are termed intrinsic; those that extend or 
arise outside are designated extrinsic. These begin as in 
situ lesions that later yield pearly gray wrinkling and 
thickening. of the epithelium to become plaquelike le- 


Figure 16—56. Invasive carcinoma of larynx, transected to illustrate 
intraluminal growth of neoplasm. 


sions, which then ulcerate, fungate, and extend centrif- 
ugally. They may, therefore, vary in size from small 
involvements less than 1 cm in diameter to ulcerating, 
friable masses that involve large regions of the larynx, 
totally destroy one or both vocal cords, and infiltrate 
widely into the perilaryngeal structures (Fig. 16-56). 
Histologically, 95% are squamous cell carcinomas. The 
rare adenocarcinomas are presumed to originate in the 
mucus-secreting glands. The degree of anaplasia of the 
squamous cell pattern is quite variable, and very striking 
undifferentiation and anaplasia with massive tumor giant 
cells and multiple bizarre atypical mitotic figures are 
occasionally encountered in the more rapidly growing 
lesions. 

Clinically, cases usually first become apparent with 
the onset of resistant, progressive hoarseness, followed 
possibly by pain, difficulty in swallowing, hemoptysis, 
and eventually even respiratory distress. Because the 
lesions are ulcerated, secondary infection may modify 
the clinical symptom complex by the appearance of 
fever and other systemic reactions. Irradiation, often 
combined with laryngectomy, has increased the five- 
year survival rate of such patients to over 50%. The 
tumors kill by direct extension associated with ulcera- 
tion, secondary bacterial infection, and resultant debi- 
litation; by widespread metastasis; and by leading to 
secondary bacterial infections of the lower respiratory 
air passages and lungs. 


Inflammatory diseases are the most common dis- 
orders to affect the nose and accessory nasal sinuses. 
These inflammations are as frequent and as common- 
place as the “common cold.” Most are more discom- 
forting than serious. However, occasionally persistent 
bacterial infections give rise to clinically significant 
disease, and in these instances spread of the infection 
may lead to dangerous sequelae. Not to be forgotten is 
the occasional instance of destructive inflammatory nasal 
disease, which represents one facet of the systemic 
entity Wegener's granulomatosis (p. 523). A clinically 
similar but histologically distinct lesion is the idiopathic 
midfacial granuloma, which is related to lymphomatoid 
granulomatosis (p. 749). Tumors may arise in either the 
nasal cavity or the sinuses, but these are infrequent. 
The familiar nasal “polyp” is not a true neoplasm. These 
polyps represent focal accumulations of edema fluid 
accompanied by some hyperplasia of the submucosal 
connective tissue and a variable inflammatory infiltrate 
consisting of eosinophils, plasma cells, and lymphocytes. 
As such, they are not neoplastic but rather inflammatory 
in nature. 


RHINITIS AND SINUSITIS 


Rhinitis is the designation given to inflammation of 
the nasal cavities. The etiology of rhinitis is based on 
the interplay of viruses, bacteria, and allergens. Acute 
rhinitis is almost invariably initiated by one of the many 
viruses now proved to cause upper respiratory infec- 
tions. Several of the better studied adenoviruses (ARD, 
RI, APC) produce nasopharyngitis, pharyngotonsillitis, 
and many other clinical variants that are all included 
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under the category of the “common cold” or upper 
respiratory infection. 

These viral agents usually evoke a profuse catarrhal 
discharge that is familiarly recognized as the beginning 
of a cold. In other instances, the acute rhinitis may be 
initiated by sensitivity reactions to one of a large group 
of allergens, perhaps most commonly the plant pollens. 
Bacterial infections become superimposed upon either 
the viral or the allergic acute phase. In either case, 
staphylococci, streptococci, Hemophilus influenzae, and 
pneumococci are commonly isolated. In the interplay of 
these various etiologic agents, it may well be that the 
catarrhal exudation evoked by viruses and allergens 
injures the normal protective ciliary action of the nasal 
mucosa and thus prepares the soil for the seeding of 
bacteria. Changes in temperature, exposure, inhalation 
of dust or chemical irritants, and excessive dryness of 
the atmosphere may all contribute to this ciliary injury 
and thus predispose to rhinitis. Rarely, in the debilitated 
patient, such mycotic infections as candidiasis are en- 
countered. 

During the initial acute stages of the rhinitis, the 
nasal mucosa is thickened, edematous, and red. The 
nasal cavities are narrowed. The turbinates are enlarged. 
The mucosal surfaces are covered by a thin, watery-to- 
mucoid discharge, which is relatively clear in the de- 
velopmental stages. Infection modifies the character of 
the discharge and produces an essentially mucopurulent 
to sometimes frankly suppurative exudate. Focal en- 
largements of the mucosa give rise to nasal “polyps,” 
which are merely inflammatory hypertrophic swellings 
but not true neoplasms. Recurrent allergic nasal polyps 
can reach dimensions of over 5 cm in diameter (Fig. 


16-57). 


Figure 16-57. A, Multiple benign allergic polyps removed from nose of an old man. B, Low-power 
histology of an allergic polyp exhibiting marked submucosal edema. (Both from Friedman, |., and 
Osborn, D. A.: Pathology of Granulomas and Neoplasms of the Nose and Paranasal Sinuses. New 
York, Churchill Livingstone, 1982, p. 30. Reproduced with permission.) 
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Histologically, during the initial phases, the reac- 
tion is one of extreme edema. The tissue takes on a 
loose myxomatous appearance and is sparsely infiltrated 
with neutrophils, lymphocytes, plasma cells, and eosino- 
phils. This edema is more marked in the polyps. The 
number of eosinophils is accentuated in some cases, 
presumably those of allergic origin. There is secretory 
hyperactivity of the mucus-secreting submucosal glands. 
In the stages of frank bacterial infection, the leukocytic 
infiltrate is considerably augmented and becomes pre- 
dominantly neutrophilic. 

In long persistence of an acute suppurative rhinitis, 
fibrous scarring of the subepithelial connective tissue 
may occur. In some of these instances, the epithelium 
becomes atrophic, and foci of squamous metaplasia may 
develop. In these cases, the progressive submucosal 
fibrosis causes atrophy of the mucus-secreting glands. 
These histologic changes result in a dry, glazed, shiny 
appearance to the nasal mucosa with total loss of muci- 
nous secretion, sometimes designated atrophic rhinitis 
or rhinitis sicca. 

The major significance of these disorders relates to 
their possible sequelae. The swelling of the nasal mucosa 
may obstruct the orifices of the accessory air sinuses 
and lead to sinusitis. The bacterially infected cases 
infrequently progress to osteomyelitis, cavernous sinus 
thrombophlebitis, epidural or subdural abscess, men- 
ingitis, or brain abscess. These complications, in light 
of the great frequency of these nasal inflammations, are 
rare. 

Sinusitis is closely related to rhinitis. Almost invar- 
iably, acute inflammatory involvement of the nasal cav- 
ities precedes and leads to infections and inflammations 
of the air sinuses by obstructing the drainage orifices of 
the sinuses. The edema of the lining epithelium may 
completely obstruct the drainage orifice of the sinus 
and, if the sinus fills up with mucus, may lead to a 
mucocele. In the stages of secondary bacterial or mycotic 
infection, frank suppuration replaces the watery dis- 
charge. The accumulation of such pus is sometimes 
designated an empyema of the sinus. 

Suppurative infections within the sinuses are of 
somewhat greater significance than those in the nose 
because of the close relationship of these structures to 
the cranial vault. The spread of these infections is more 
prone to produce osteomyelitis and the intracranial 
infections listed in the above discussion of rhinitis. A 
serious fungal infection by the mucormycoses (p. 354) is 
particularly seen in patients with diabetic acidosis. 
Chronic sinusitis is also a component of Kartagener’s 
syndrome, which (together with bronchiectasis and situs 
inversus) is caused by defective ciliary action (p. 730). 


TUMORS OF NASAL CAVITIES AND 
SINUSES 


Tumors in these locations are extremely infrequent 
but may include the entire category of mesenchymal 
and epithelial neoplasms. Brief mention may be made 


of somewhat distinctive types. Isolated plasmacytomas 
may arise in the lymphoid structures adjacent to the 
nose and sinuses. These may protrude within these 
cavities as polypoid growths, varying from 1 cm to 
several centimeters in diameter, covered usually by an 
intact overlying mucosa. The histology is that of a 
malignant plasma cell tumor and is identical to that 
described on page 689. Only rarely do these lesions 
result in myeloma. Olfactory neuroblastomas (esthesi- 
oneuroblastomas) are malignant tumors resembling 
other neuroblastomas (p. 1247) and are exquisitely sen- 
sitive to radiation therapy. Nasopharyngeal angiofi- 
broma is a highly vascular tumor that occurs almost 
exclusively in adolescent males. Despite its benign 
nature, it may cause serious clinical problems because 
of its tendency to bleed profusely during surgery. The 
inverted papilloma is a benign but locally aggressive 
neoplasm occurring in both the nose and the paranasal 
sinuses. If not adequately excised, it has a high rate of 
recurrence, with the potentially serious complication of 
invasion of the orbit or cranial vault; rarely, frank 
carcinoma may also develop in a papilloma. 
Carcinomas in these locations are keratinizing or 
frequently nonkeratinizing squamous cell carcinomas. 
They are insidious malignant lesions that produce the 
characteristic ulcerating, fungating growth typical of 
these tumors elsewhere. Some are closer in histologic 
detail to transitional cell carcinoma, characterized by 
strands and masses of polygonal-to-spindle cells growing 
within a fibrous stroma. The cell boundaries are poorly 
defined, and often the masses of cells take on the 
appearance of a syncytium. In many of these growths, 
there is an abundant lymphoid infiltrate within the 
fibrous stroma, designated lymphoepithelioma. The Ep- 
stein-Barr virus has been identified in many of these 
tumors. All these malignancies progressively invade and 
destroy, spread to cervical nodes, and, in late cases, 
metastasize to distant areas, i.e., lungs, pleural cavities, 
liver, and remote chains of lymph nodes. As a group, 
these malignancies produce symptoms only when they 
are advanced to a stage at which curative resection is 
difficult, if not impossible, and the prognosis is poor. 
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All too often the physician, in carrying out a phys- 
ical examination, looks through the mouth at the oro- 
pharynx and tonsillar region rather than examining the 
oral tissues. A careful examination of the mouth may 
yield significant information concerning localized disease 
as well as possible oral manifestations of systemic dis- 
ease. The oral mucosa can be affected by a variety of 
traumatic lesions; by viral, mycotic, and bacterial infec- 
tions; by benign and malignant tumors; by develop- 
mental malformations; and by autoimmune, genetic, 
and psychosomatic diseases. The oral tissues may also 
reveal evidence of nutritional deficiencies, hematologic 
disturbances, and endocrinopathies. Oral lesions may 
accompany disease states affecting various organ sys- 
tems; for example, they are found in such diverse 
conditions as Crohn’s disease, ulcerative colitis, cystic 
fibrosis, Raynaud’s disease, and Sjégren’s syndrome. 
Diseases of the jaws and salivary glands may also be 
manifested by morphologic alterations in the mouth. 

Examination of the mouth may also provide some 
insight into the patient's personal habits. Neglect of oral 
hygiene and dental care are obvious indicators, but the 
oral tissues may also reveal evidence of neurotic habits, 
such as ulceration of tissue or abrasion or excessive wear 
of tooth surfaces. In addition, there is a wide range of 
hysterical symptomatology such as “burning” tongue 
and altered taste perception that requires careful oral 
examination in order to rule out the possibility of somatic 
disease. 


A knowledge of oral pathology and routine exami- 
nation of the mouth provide important clues to the 
patient’s general condition and, more important, result 
in early diagnosis of and successful therapy for serious 
oral lesions, such as cancer. A patient's complaints 
related to the head and neck area must also be evaluated 
in relation to possible oral disease. Difficulty in swallow- 
ing, for example, may be caused by a carcinoma of the 
tongue and floor of the mouth rather than of the 
oropharynx, esophagus, or larynx. 


DISEASES OF TEETH 


Diseases of the teeth consist of dental caries and a 
large variety of developmental malformations. The de- 
velopmental malformations may involve a single tooth, 
multiple teeth, or the entire dentition. They may be of 
inflammatory or traumatic origin, reflect a variety of 
systemic disturbances occurring during tooth formation, 
or represent genetic disorders. The resultant abnormal- 
ities may take the form of abnormal development of 
enamel, abnormal calcification, pathologic pigmenta- 
tion, or gross aberrations in form. 

Teeth essentially develop as skin appendage—type 
structures and are of ectodermal origin. The tooth germs 
or enamel organs arise as smal] buds or pouches from 
the fetal oral epithelium, and gradually assume the 
appearance of spheres with invaginated undersurfaces 
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that remain attached to the oral epithelium by thin 
stalks (Fig. 17-1A). The epithelium of the enamel organ 
undergoes a morphologic alteration so that, unlike the 
oral epithelium, which is stratified squamous, it appears 
as surface columnar epithelium enclosing a stellate 
reticulum in the central portion of the evolving struc- 
ture. The stellate reticulum is of ectodermal origin, as 
is the columnar epithelium. The inner enamel organ 
epithelium (the invaginated surface) develops into the 
highly specialized or differentiated ameloblast layer, the 
function of which is to produce enamel matrix. Mesen- 
chymal cells from the adjacent connective tissue line up 
along the ameloblasts and become the highly specialized 
odontoblasts, which produce predentin or dentinal ma- 
trix. Thus, dentin is produced against enamel in the 
shape of the tooth crown that is genetically determined 
for each tooth (Fig. 17-1B). As the enamel and dentin 
matrices become established, they undergo calcification. 

When the crown of the tooth is developed, root 
formation begins, and the tooth moves toward the oral 
epithelium and erupts by piercing the oral mucosa of 
the infant, an event that is generally painful for both 
mother and child. Root formation is mediated entirely 
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(x 80). B, Ameloblasts (Am) and odontoblasts (Od) forming enamel 
(E) and dentin (D) matrices ( x 200). 


by connective tissue cells, with odontoblasts forming 
the inner dentin and cementoblasts forming the outer 
surface of cementum. The cementoblasts are derived 
from the fibroblasts of adjacent connective tissue. As 
the tooth crown is formed, the enamel organ atrophies 
and remains attached to the enamel surface of the tooth 
as a thin membrane or cuticle. Some cells of the enamel 
organ at the base of the crown join with the oral mucosa, 
as the tooth erupts, and form the epithelial attachment 
that unites the gingival mucosa to the tooth surface at 
the cementoenamel junction, the demarcation of the 
crown of the tooth from the root. The epithelial attach- 
ment on the tooth forms a shallow trough or space 
between tooth and gingiva, referred to as the gingival 
sulcus or gingival crevice. 

There are two phases of tooth development. A set 
of 20 deciduous teeth begins to develop in utero and 
erupts in specific sequence during the first few years of 
life. A set of 32 permanent teeth begins to develop after 
birth and erupts in sequence from ages 6 to 13 years, 
with third molars (“wisdom teeth’) erupting at approx- 
imately 17 to 22 years of age. 

From the brief survey of normal tooth formation 
and eruption, it can be understood that many possibil- 
ities exist for abnormal development. If a tooth germ 
does not form initially, the tooth will be absent (ano- 
dontia). If an extra tooth germ develops, a supernumer- 
ary tooth will form. If the tooth germ should take on an 
unusual morphologic configuration, the developing 
tooth will be of an unusual shape. If ameloblasts lose 
their normal function temporarily, because of a systemic 
disturbance affecting the child, there will be bands of 
hypoplastic or defective enamel formed during that 
period-of time. The entire dentition may develop with 
defective enamel or dentin if genetic disease impairs 
the function of ameloblasts or odontoblasts (ameloge- 
nesis imperfecta, dentinogenesis imperfecta). 

It must be understood that developmental abnor- 
malities of teeth can occur only during their develop- 
ment. Once the teeth have been completely formed, 
they can be affected only through destructive processes 
such as dental caries or acid etching of enamel. Root 
resorption can occur in unusual cases, in a process 
analogous to bone resorption. Pigmentation of the 
crowns of teeth must occur during tooth formation. 
Neither tetracycline nor bilirubin can stain the enamel 
once it has been formed, since these substances must 
be incorporated into the developing enamel to produce 
a permanent endogenous stain. Cementum can be 
stained throughout life, since this tissue undergoes 
active metabolism, but the cementum of the tooth is 
not normally visible in the mouth. 


DEVELOPMENTAL MALFORMATIONS 


Anodontia refers to the absence of one or more 
teeth. Failure of development of a single tooth could be 
the result of trauma or infection affecting the tooth 
germ. When a single tooth is missing from the perma- 


nent dentition, the cause is likely to be an odontogenic 
infection during tooth development at the apex of the 
deciduous tooth. Bilateral pairs of missing teeth are 
more likely to be of genetic origin. Total anodontia is 
often found in severe genetic disease affecting ectoder- 
mal tissues (ectodermal dysplasia). 

Fusion refers to the joining of two adjacent tooth 
germs so that the two teeth develop as one large 
toothlike structure. A common site is the maxillary 
incisor area with lateral and central incisors fused. Two 
separate root canals indicate the fusion of separate tooth 
germs. Gemination presents a somewhat similar gross 
picture of a double tooth (Fig. 17—2A), but results from 
the invagination or splitting of a single tooth germ or 
the union of a tooth germ with a supernumerary tooth 
germ in the area. The usual adjacent tooth is present, 
and the large tooth usually presents a single root with 
a single root canal, although double root canals may be 
present. 

Concrescence is a term used to indicate a union of 
adjacent teeth through attachment of roots by cemen- 
tum. The crowns present a normal appearance, and the 
abnormality is perceived only on radiographs. 

Supernumerary teeth develop from extra tooth 
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Diseases of Teeth 


germs and take on the appearance of the adjacent normal 
tooth. A common site for supernumerary teeth is the 
mandibular anterior region, where the only deformity 
perceived may be crowding of the teeth and malocclu- 
sion. Developing supernumerary teeth may become 
impacted if space is not sufficient for their complete 
formation and eruption. Cysts may develop around such 
impacted supernumerary teeth. Supernumerary teeth 
may also appear as additions to normally positioned 
teeth if both tooth germs develop in close proximity 
(Fig. 17-2B). 

Dens in dente refers to an unusual malformation of 
a single tooth resulting from invagination of the outer 
enamel epithelium of the tooth germ. A toothlike struc- 
ture appears to form within the developing tooth. 
Grossly, the tooth appears large and deformed (Fig. 17- 
2C), and a radiograph presents the characteristic pulpal 
abnormality (Fig. 17—2D). 

Enamel hypoplasia refers to abnormal or insuffi- 
cient enamel formation through inadequate function of 
the ameloblasts. It usually appears as a group of hori- 
zontal bands of brown, pitted, defective enamel on 
various teeth. Since the crowns of different teeth de- 
velop at different times, the hypoplastic bands affect 


Figure 17-2. A, Gemination of maxillary central incisor teeth on both right and left sides. Lateral 
incisors are present. B, Supernumerary molar tooth joined to mandibular molar. C, Dens in dente. D, 
Radiograph of dens in dente showing invaginated structure. 
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only those teeth forming enamel at the time of amelo- 
blastic malfunction, and the bands vary in position on 
the crowns of affected teeth, reflecting the develop- 
mental sequence (Fig. 17—3A). The width of the hypo- 
plastic bands depends on the duration of the anieloblas- 
tic malfunction. Among systemic influences producing 
enamel hypoplasia are infections (exanthematous dis- 
eases, syphilis), nutritional deficiencies (of vitamins A, 
C, and D), endocrine disorders (hypoparathyroidism, 
hypothyroidism), toxic chemicals (fluoride in high con- 
centrations), gastrointestinal disturbances, and renal dis- 
turbances. Enamel hypoplasia of a single tooth can be 
caused by trauma to the developing crown or localized 
infection in the area. 

When the entire dentition is affected by hypoplasia 
of tissues, the etiology is genetic. Several genetic dis- 
eases, inherited as autosomal dominant traits with vari- 
able penetrance, uniquely affect the teeth. In ameloge- 
nesis imperfecta there is a hypoplastic form, a 
hypocalcified form, and a combined form. In the hypo- 
plastic form, the teeth are brown, with an abnormal 
conical shape, and the enamel is normal but thin. In 
the hypocalcified form, the crown shape is normal, but 
the enamel is brown, soft, and defective (Fig. 17—3B). 
When this condition is severe, the crowns of the teeth 
are rapidly worn down to the gingival margin, requiring 
extraction of the remaining roots and construction of a 
denture for the child. In the combined form, there are 
features of both enamel hypoplasia and enamel hypo- 
calcification, and the involvement tends to be severe, 
with early tooth loss. 

Dentinogenesis imperfecta, also termed hereditary 
opalescent dentin, is also inherited as an autosomal 
dominant trait. It may be localized to the dentition or 
may appear with the generalized genetic disease of 
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Figure 17-3. A, Enamel hypoplasia in a child. Note hypoplastic 
bands at different levels in deciduous teeth. Permanent teeth 
(arrows) are unaffected. B, Amelogenesis imperfecta. Note mis- 
shapen crowns and dull surfaces of teeth. 
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Figure 17-4. A, Hypocalcification defects of enamel appearing as 
white areas. B, Pigmentation of crowns of teeth by tetracycline. 
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bone, osteogenesis imperfecta. The crowns of the teeth 
are normal in shape but purple-brown in color. Enamel 
is normal but dentin is defective, and the dentin-enamel 
junction lacks cohesion, so that the enamel can easily 
separate from the underlying dentin. Restoration of such 
teeth is difficult because of the abnormal structure and 
calcification of the dentin. 

Teeth may also show chalk-white areas representing 
hypocalcification or imperfect calcification. These de- 
fects appear opaque and are easily discerned in contrast 
to the normal translucence and off-white color of enamel 
(Fig. 17-4). 

Pigmentation of developing teeth is an endogenous 
condition, with the pigment being incorporated into the 
developing crown and remaining as a permanent stain. 
Once the crown has been formed it can no longer 
become pigmented except by superficial stains that can 
easily be removed. Pigments that can enter the devel- 
oping crown are bilirubin (in hemolytic anemias), bile 
pigments (in biliary atresia or biliary tract disease), and 


pigmented pharmacologic agents such as tetracycline 
(Fig. 17-4B). 


DENTAL CARIES 


Dental caries refers to resorption or destruction of 
the calcified structure of the tooth, caused basically by 
bacterial action. It is the most widespread and common 
disorder of man and existed in prehistoric times. Prin- 
cipally implicated is Streptococcus mutans, but other 
bacteria and fungi may participate. This mixed bacterial- 
mycotic structure, termed dental plaque, proliferates in 


food residue on the tooth surface.! The consequence of 
the bacterial growth is proteolysis of the organic frame- 
work of the enamel by bacterial enzymes and acid 
decalcification of the enamel rods. The critical role of 
bacteria in the etiology of caries can be confirmed by 
the absence of carious lesions in germ-free animals.” 
Fluorides, the major caries-control agent in current use, 
render the enamel surface of the tooth more resistant 
to bacterial activity, and simultaneously act against 
microorganisms as a metabolic poison. 

Prevention of the formation of dental plaque sig- 
nificantly protects against the development of caries. 
Microorganisms require a carbohydrate substrate for 
their metabolic activity. Refined carbohydrate increases 
the caries rate, but it must cling to the tooth surface for 
a significant effect. Caramel was shown to act in this 
manner in the well-controlled Vipehélm study.* Tooth 
brushing reduces the caries rate by removing food debris 
after meals and preventing the build-up of plaque. 
Saliva, with its mucolytic enzymes and immunoglobu- 
lins, also serves to cleanse the tooth surface and simul- 
taneously controls bacterial growth. A significant de- 
crease in salivary flow results in increased caries. For 
this reason, therapeutic irradiation to the oral cavity 
with resultant atrophy of salivary glands and xerostomia 
may induce so-called “radiation caries.” 


Microscopically, early caries of enamel appears as a 
loss of inter-rod organic material and an increased promi- 
nence of individual enamel rods. Gradually there is demin- 
eralization at the ends of the rods and penetration of bacteria. 
A brown pigmentation also appears in the early lesion. As 
the decalcification proceeds, the enamel rods lose their 
structure, and the carious lesion takes on a triangular con- 
figuration, with the apex pointed at the dentin-enamel junc- 
tion (Fig. 17-5). As the enamel rods finally disintegrate, 
there is a break in the continuity of the enamel surface, and 
a gross clinical lesion appears that can be probed with an 
instrument. Carious attack is commonly seen in the pits and 
fissures of teeth as well as on smooth surfaces that are not 
self-cleansing, where food debris tends to accumulate. Once 
the carious lesion reaches the dentin, bacteria penetrate 
along the organic material of the dentin-enamel junction and 
gradually invade the dentinal tubules, causing breakdown of 
dentinal walls and the formation of clefts. Odontoblasts of 
the dental pulp, stimulated by degeneration of their elongate 
protoplasmic processes (Tomes’ fibrils), react by forming a 
layer of protective or secondary dentin. However, if un- 
treated, the carious lesion eventually penetrates through the 
dentin and secondary dentin, and infection enters the dental 
pulp, initiating pulpitis. 


ODONTOGENIC INFECTIONS 
PULPITIS 


Inflammation of the dental pulp may be caused by 
chemical, thermal, and physical irritation as well as by 
bacteria when any of these agents gains access to the 
pulp through a deep carious lesion. Opening of the 
dental pulp is referred to as pulp exposure, and this 
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Figure 17-5. Early caries of enamel as seen on unstained section 
of tooth. Note triangular shape of lesion (arrows) with apex pointed 
toward enamel-dentinal junction (EDJ). Some dentinal tubules (DT) 
appear dark and may represent early dentinal irritation preceding 
the carious process. 


may be caused by deep instrumentation during evacu- 
ation of carious dentin as well as by the carious process 
itself. When microorganisms penetrate the pulp, acute 
purulent inflammation results. The process may be 
localized, creating a pulp abscess (acute partial pulpitis), 
or may involve the entire pulp and result in complete 
destruction of pulpal tissue (acute total pulpitis). Host 
resistance determines the extent of the pulpal reaction 
to infection. In the young child, with high tissue resis- 
tance, the infection is usually localized and the remain- 
der of the pulp is essentially normal (Fig. 17-6), in 
which case surgical pulpotomy or pulpectomy can be 
utilized. When the entire pulp is involved, total extir- 
pation is required (root canal therapy), and the entire 
pulp space is filled with an inert material and sealed. 
In pulpotomy or pulpectomy, the healthy pulp is cov- 
ered and sealed. 

Thermal injury to the pulp through improper cavity 
preparation can result in acute pulpitis. Chronic pulpitis 
results from mild but continuous irritation, such as a 
large, unlined metal filling transmitting heat and cold 
from the patient's mouth, or from irritation by a filling 
material that releases some acid, alkali, or other noxious 
chemical during its solidification.* In chronic pulpitis 
there is a lymphocytic and histiocytic infiltrate. The 
symptoms of pulpitis vary. Acute pulpitis causes extreme 
pain—the classic toothache, or odontalgia—when in- 
tense inflammation causes pressure on the many pain 
receptors in the pulp. Pain is relieved when the pulp is 
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Figure 17-6. Acute partial pulpitis or pulp abscess (A) following 
caries and cavity preparation (CP) in tooth. Remainder of pulp is 
relatively normal. 


opened to allow adequate drainage. Chronic pulpitis 
produces less intense discomfort. 


PERIAPICAL DISEASE 


Untreated pulpitis, particularly of infective origin, 
eventually involves the apical periodontium of the tooth 
and the surrounding apical alveolar bone. Three types 
of lesions may develop: (1) the apical or alveolar abscess, 
(2) the periapical granuloma, and (3) the epitheliated 
granuloma or radicular cyst. 

The apical or alveolar abscess develops when path- 
ogenic bacteria enter the apical periodontium from an 
acute pulpitis. The lesion is intensely painful as pressure 
develops, owing to the nonspecific inflammatory reac- 
tion. The affected tooth is slightly extruded from its 
alveolar socket and therefore is further traumatized. The 
abscess eventually drains by creating a fistulous tract 
through alveolar bone and erupting at the labial, lingual, 
or palatal gingiva as a “gumboil” (Fig. 17-7). The 
infection can be treated by antibiotics, drainage, and 
eventual root canal therapy of the affected tooth. In 
unusual cases, acute apical infection may spread widely 
along fascial planes and result in an extensive cellulitis 
rather than a localized alveolar abscess. This serious 
sequel of an apical infection tends to occur when a 
virulent organism challenges poor host resistance. Cel- 


lulitis arising from a mandibular tooth may involve the 
floor of the mouth and neck (Ludwig's angina), or 
cavernous sinus thrombosis can occur when a maxillary 
tooth is involved. 

Chronic periapical lesions are referred to as periap- 
ical granulomas. These appear microscopically as gran- 
ulation tissue with a dense infiltrate of lymphocytes, 
plasma cells, and histiocytes. Alveolar bone is gradually 
resorbed at the apex of the tooth, resulting in a well- 
demarcated spherical lesion that appears radiolucent on 
radiographs. A periapical granuloma may be asympto- 
matic or may present some discomfort or hypersensitiv- 
ity of the involved tooth. The size of the lesion may 
remain relatively stable over a long period, representing 
a balance between local irritation and host response. A 
chronic periapical granuloma can evolve into an abscess 
if virulent organisms enter the region, or it can be 
transformed into a cyst if proliferating epithelium seals 
off part of the lesion. 

The periapical region often contains islands of epi- 
thelium (rests of Malassez) that can be stimulated by 
the inflammatory lesion to proliferate into a network of 
stratified squamous epithelium penetrating throughout 
the periapical granuloma. It may now be termed an 
epitheliated granuloma, from which may arise a radi- 
cular cyst. The proliferating epithelial network eventu- 
ally surrounds and completely encloses the central por- 
tion of the inflammatory lesion, which then no longer 
receives a blood supply (Fig. 17-8). The cellular material 
in the central area degenerates into a clear fluid, rich 
in protein and lipid (cholesterol). The epithelial lining 
of the cyst acts as a semipermeable membrane, and the 
difference in osmotic pressure draws more fluid into the 
cystic cavity, gradually enlarging the cyst and resorbing 
the surrounding bone. Occasionally, cholesterol may 
precipitate into a crystalline form within the cyst cavity 
or in the cyst wall, evoking a foreign body reaction. The 
cyst may become infected with virulent organisms, and 
the cyst wall may then undergo necrosis, yielding a 


Figure 17—7. Gingival abscess. 
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Figure 17-8. Radicular cyst showing ulceration of stratified squa- 
mous epithelial lining, inflammation of connective tissue capsule, 
and purulent exudate in central cavity. 


granuloma or an abscess. It can be seen that these 
various periapical lesions represent a number of stages, 
or transitional lesions, of a basic disease process. 


PERIODONTAL DISEASE 


Periodontal disease is an inclusive term commonly 
used to describe inflammatory disease of the gingiva 
(gingivitis) or, in more severe cases, inflammation of 
the gingiva with extension of the disease to underlying 
tissues of the periodontium (periodontitis). The major 
etiologic factor in both conditions is the oral bacterial 
and mycotic flora that colonizes the surface of the tooth 
within and above the gingival sulcus or crevice.® The 
microorganisms, including Streptococcus mutans and 
various filamentous groups, attach to the tooth surface 
as dental plaque (Fig. 17-9). As plaque accumulates at 
the gingival crevice together with food debris, it may 
become calcified, resulting in calculus or tartar. The 
calculus develops both above the gingival crevice, where 
it is visible and is termed supragingival calculus, and 
within the crevice, where it is hidden from view and is 
termed subgingival calculus. Calculus is both a mechan- 
ical and biologic irritant, with the microorganisms acting 
on gingival tissues by means of toxic metabolic products 
and probable immunologic mechanisms secondary to 
antigenic components of the bacteria. Microscopically, 
calculus is composed of an organic framework of bacterial 
and mycotic organisms, desquamated epithelial cells, 
leukocytes, and food debris in which calcium phosphate 
is deposited in the form of a hydroxyapatite crystalline 
structure. 

The progression from gingivitis to periodontitis 
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Figure 17-9. Dental plaque on teeth as demonstrated by a disclos- 
ing solution (1% basic fuchsin). 


depends to a large extent on the host’s resistance to the 
local irritants. When there is a systemic predisposing 
condition, severe and rapid periodontal destruction may 
occur, particularly in young patients (periodontosis, 
juvenile periodontitis).° Thus, periodontal disease com- 
prises a spectrum of severities ranging from basically 
local irritation to extensive destructive disease. In gin- 
givitis or periodontitis of primarily local cause, the 
disease state can be successfully treated by mechanical 
removal of the tooth deposits (scaling) and the institution 
of a regimen of good oral hygiene to prevent accumu- 
lation of plaque and calculus. Other local irritational 
factors such as occlusal stresses can be corrected by 
selective reduction of tooth surfaces. In periodontitis 
associated with a predisposing systemic condition, such 
as diabetes, therapy requires continuous periodontal 
care for removal of local irritants, and the end results 
may still be poor if the underlying systemic disease 
cannot be adequately controlled. The interaction of local 
and systemic factors in the etiology of periodontal dis- 
ease was first postulated by Znamensky’ and confirmed 
by the experimental studies of Glickman’ and others.* 
GINGIVITIS. Gingivitis is a chronic inflammation of 
the gingival margin, resulting from local irritants (Fig. 
17-10). Clinical manifestations include discomfort and 


Figure 17-10. Gingivitis with erythema and inflammatory enlarge- 
ment of gingiva. 
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bleeding upon tooth brushing. The course and severity 
of the disease can depend on a variety of metabolic and 
hormonal conditions that serve to exaggerate the gingi- 
val inflammatory response to the plaque or calculus. 
This exaggerated gingival response is seen at puberty, 
during pregnancy, and in a number of nutritional and 
hematologic disturbances, such as scurvy, leukemia, 
and thrombocytopenia. In addition to erythema, there 
may be considerable inflammatory hyperplasia of the 
gingiva in these conditions, often with notable vascular 
proliferation. For example, the so-called “pregnancy 
tumor is an angiogranuloma of the gingiva, usually 
occurring in an area of gingivitis caused by the over- 
hanging margin of a filling or crown or by a malposed 
tooth with extensive calculus deposition. Presumably, 
the altered hormonal homeostasis during pregnancy is 
further aggravated by the local irritant favoring the 
appearance of such a lesion. 

PERIODONTITIS. Periodontitis is an extension of gin- 
givitis to the underlying periodontal tissues—the peri- 
odontal membrane, alveolar bone, and cementum of the 
teeth. Clinical manifestations include, in addition to 
gingivitis, a pathologically deepened gingival crevice or 
periodontal pocket, suppuration within the periodontal 
pocket, tooth mobility resulting from resorption of al- 
veolar bone, and gradual recession of the gingiva to 
expose the roots of the teeth (Fig. 17-11). The patho- 
genesis involves migration or proliferation of the epithe- 
lial attachment toward the root of the tooth and the 
creation of a deep gingival pocket, as the epithelium 
separates from the tooth during the migration. As cal- 
culus develops within the pocket, the epithelial surface 
ulcerates, and the bacteria cause suppuration. The older 
term for chronic periodontal disease was pyorrhea or 
alveolar pyorrhea, describing the purulent flow from 
the gingival sulcus. The eventual result of the chronic 
or subacute inflammation is resorption of tooth-support- 
ing alveolar bone, mobility of teeth, and gradual loss of 
teeth. If the purulent exudate in the deep periodontal 
pocket cannot drain to the surface, a periodontal abscess 
may develop, with pointing and drainage through the 
alveolar bone and attached gingiva. 

The therapy of periodontitis involves removal of 
the calculus from the tooth surface and the curettage or 
surgical removal of the epithelial attachment. When the 
irritants are removed, the gingiva reattaches to the 
tooth surface with gradual recession of the inflamed 
gingival tissue. The periodontal pocket is reduced, but 
the destroyed periodontal tissue is rarely restored to its 
original height, and the patient must accept the reces- 
sion of the gingival tissues, with exposed visible roots 
of the teeth. 


DISEASES OF ORAL MUCOSA 
DEVELOPMENTAL MALFORMATIONS 


Normal oral mucous membrane is composed of 
stratified squamous epithelium overlying a dense fibrous 


Figure 17-11. Periodontitis showing apical migration of epithelial 
attachment (EA) along cementum of root (C), gingival inflammation 
and its extension (Gl), periodontal pocket formation (PP), calculus 
deposition (Cal), and alveolar bone resorption (BR). 


connective tissue. The epithelium is either nonkeratin- 
ized (buccal mucosa) or lightly keratinized (tongue, 
gingiva). Skin appendages are absent, and the epithe- 
ium is composed of three layers (germinativum, spi- 
nosum, and corneum) rather than the five layers seen 


in skin. Occasionally a stratum granulosum appears if 
there is significant hyperkeratosis. Numerous mucous 
glands lie beneath the epithelium and release their 
secretions through narrow ducts that open on the mu- 
cosal surface. These glands are particularly prominent 
on the palate and lower lip. 

Common developmental malformations of the oral 
mucosa include sebaceous glands beneath the buccal 
mucosa (Fordyce granules), hyperplasia of mucous 
glands (adenomatosis oris), fissures on the dorsal surface 
of the tongue (Fig. 17-12), and a fibrotic lingual frenum 
(tongue-tie, ankyloglossia). Less common malformations 
are clefts and fissures of the lips, macroglossia, and 
fibrous attachments between labial or buccal mucosa 
and the gingiva. Some of these malformations may occur 
in association with other craniofacial deformities in a 
variety of genetic syndromes. 


TRAUMATIC LESIONS 


The oral mucosa is not easily traumatized, since it 
is tough and flexible, but through no fault of its own it 
is forced to contend almost daily with all manner of 
attack, ranging from sharp fragments of food to imper- 
fectly fitting dental appliances. Neurotic habits (cheek 
or tongue biting, gouging of mucosa with a pencil or 
sharp instrument) may produce severe ulceration 
suggestive of malignant neoplasia until a history is 
obtained. Occasionally, if the type of trauma remains 
undisclosed, biopsy is necessary to rule out malignancy. 
The traumatic ulcer is nonspecific microscopically and 
normally heals without scarring in 10 to 14 days. Since 
it is mechanically induced, its shape may be linear 
rather than round. Ulcers caused by dentures are easily 
interpreted and will heal once the sharp ridge or border 
of the appliance is reduced. 

Chemical burns of the mucosa are unusual, but are 
sometimes seen in adults who place aspirin tablets 
against the gingiva for relief of toothache and in children 
who “sample” acid or alkaline kitchen cleansers. Elec- 
trical burns are occasionally seen in children who bite 
electrical wires, and thermal burns are seen in rare 
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Figure 17—12. Congenital fissuring of tongue together with areas of 
papillary atrophy (geographic tongue). 
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instances related to hot melted cheese (pizza lovers take 
note) or hot liquids such as coffee, tea, or soup. 


Diseases of Oral Mucosa 


BACTERIAL INFECTIONS 


The oral mucosa is highly resistant to infection by 
the normal oral bacterial-mycotic flora. It is protected 
by the various antibacterial constituents of saliva. The 
elaboration of immunoglobulins, particularly secretory 
IgA, by local lymphocytes and plasma cells further 
protects the mucosa against the possible pathogenic 
effects of the endogenous oral flora, which consists of 
more than 20 different groups of organisms. Such anti- 
bacterial activity also protects the oral mucosa against 
“foreign” pathogens. Thus, the oral lesions of syphilis, 
gonorrhea, and the like are relatively rare, despite 
obvious exposure. The normal oral flora may, however, 
exaggerate the clinical features of other oral lesions such 
as traumatic ulcers, ruptured herpetic vesicles, or rup- 
tured bullae of pemphigus. Moreover, if the patient's 
resistance is lowered because of systemic disease, nu- 
tritional deficiency, or emotional stress, or if antibiotic 
therapy alters the balance of microorganisms, the oral 
flora may become pathogenic and produce diseases such 
as necrotizing gingivitis or candidiasis. Immunodefi- 
ciency, in particular, predisposes to infections in the 
oral cavity. Both necrotizing gingivitis (fusospirochetal 
infection) and candidiasis are thus common complica- 
tions following radiation therapy and chemotherapy. 

NECROTIZING GINGIVITIS (ACUTE NECROTIZING UL- 
CERATIVE Ginaivitis, ANUG). This is an uncommon 
infection of the gingiva caused by the oral fusospiroche- 
tal complex of organisms. It is characterized by necrosis 
of the marginal gingiva and interdental papillae (Fig. 
17-13). In some cases the infection extends from the 
gingival lesions to the oral mucosa, indicating poor host 
resistance. This is seen most often in children with 
Down’s syndrome, leukemia, or immunodeficiency dis- 
ease. With tissue resistance markedly lowered, the 
fusospirochetal flora may spread widely and invade 
deeply to produce the noma or gangrenous stomatitis 


Figure 17-13. Necrotizing gingivitis, showing necrosis of tissue at 
gingival margin and in interdental areas. 
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seen in children suffering from parasitic diseases or 
kwashiorkor in underdeveloped countries. Emotional 
stress is considered to be a systemic predisposing 
influence!® and may explain the occasional occurrence 
of the disease in groups of young people in the army or 
in college dormitories. An old World War I term for 
the infection was “trench mouth.” Necrotizing gingivitis 
is not contagious, since the bacteria are normally present 
in all mouths. Local predisposing factors such as preex- 
isting periodontal disease, malocclusion and poor oral 
hygiene exaggerate the infection. 
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ORAL CAVITY LESIONS OF SYPHILIS, 
TUBERCULOSIS, AND LEPROSY 


Oral lesions occur in all stages of syphilis.'' Chan- 
cres of the lip may appear as nonhealing large ulcers (p. 
336). Biopsy to rule out cancer is necessary. In secon- 
dary syphilis the oral lesions take the forms of a macu- 
lopapular eruption analogous to the skin rash and/or the 
mucous patch seen on the genital mucosa. Tertiary 
syphilis may be marked by a gumma (p. 337) of the 
palate or by smooth atrophic luetic glossitis. The atrophy 
of filiform and fungiform papillae renders the tongue 
more susceptible to the development of leukoplakia. 
Prenatal syphilis may be associated with hypoplastic 
teeth of unique shape (hutchinsonian incisors, mulberry 
molars) as well as gummatous defects and atrophic 
glossitis. 

Tuberculous lesions of the mouth are rare and 
appear as ulcers or raised nodular lesions. The histologic 
changes were described on p. 345. Tuberculous lesions 
may also extensively involve labial and perioral regions 
(tuberculosis cutis orificialis). 

Oral lesions of leprosy are difficult to diagnose if 
skin lesions are absent. As pointed out in the earlier 
discussion of this disease (p. 347), when the reaction is 
granulomatous, the acid-fast organisms may not be 
present in the lesion. 


VIRAL INFECTIONS 


Two common viral diseases affecting the mouth are 
herpetic stomatitis and herpangina. Herpetic stomatitis 
represents the major primary disease response to her- 
pesvirus type I infection (p. 284). Characteristic clinical 
features are acute gingivitis, vesicular eruption, nonspe- 
cific coated tongue,'? and sometimes local lymphade- 
nopathy (Fig. 17-14). The vesicles rupture early, leaving 
ulcers, but usually heal within two weeks. Microscopic 
features of the vesicular lesions are epithelial degener- 
ation and the presence of. virally modified cells with 
large multilobed hyperchromatic nuclei. Although com- 
mon in childhood, herpetic stomatitis frequently occurs 
in young adults.'® Herpes labialis represents recurrent 
disease caused by herpesvirus type I. The virus is known 
to survive in nerve ganglia and can leave the nerves to 
produce labial vesicular lesions if host resistance is 


Figure 17-14. Coated tongue and vesicles (above) and acute 
gingivitis (below) in herpetic stomatitis. 


lowered by trauma, fever, or emotional stress. Immu- 
nosuppressed patients may suffer recurrent attacks of 
primary herpetic stomatitis. 

Herpangina caused by Coxsackie A virus presents 
a similar microscopic appearance but a different clinical 
appearance. There is an acute oropharyngitis'* with 
vesicular lesions on the palate and other posterior oral 
tissues. The course is seven to ten days when immunity 
develops, but can be much longer in immunosuppressed 
patients. Several variant strains of Coxsackie A, notably 
Al6, cause hand-foot-and-mouth disease, with clinical 
features similar to herpangina together with papular and 
vesicular lesions of the palms of the hands and soles of 
the feet.'> 16 

The varicella-zoster virus can affect the mouth in 
the primary disease, chickenpox, and in the recurrent 
disease, herpes zoster. The lesions are vesicular and, in 
the latter, unilateral and follow the distribution of nerves 
(Fig. 17-15A). The virus survives in nerve ganglia and 
invades epithelial tissue. Microscopic features are sim- 
ilar to the lesions of herpetic stomatitis and other 
epithelial viral diseases, with the production of large, 
multilobed nuclei in epithelial cells (Fig. 17—15B). 
Warts of viral origin can be found in the mouth but are 
rarely seen, and usually represent lesions transferred 
from the skin or genitalia. 


MYCOTIC INFECTIONS 


The oral mucosa can develop such rare mycotic 
infections as actinomycosis, blastomycosis, mucormy- 
cosis, coccidioidomycosis, and histoplasmosis (Chap. 8). 
These conditions appear as nonhealing ulcerations; the 
diagnosis can be made only by ruling out more common 
diseases and by appropriate microscopic and cultural 
studies. The only fungus infection commonly seen in 
the mouth is candidiasis (thrush). It usually appears as 
an opportunistic infection in debilitated or immunosup- 
pressed patients, since Candida albicans is a normal 
oral inhabitant. It is a common complication in patients 
receiving extensive chemotherapy for malignant tumors 
or leukemia, and in organ transplant patients receiving 
immunosuppressive agents. The frequency of oral can- 
didiasis as a complication of antibiotic therapy has been 
exaggerated; it usually requires several different anti- 
biotics over a period of time, and in these cases patients 
are often debilitated by the underlying disease. Candi- 
diasis is also seen in young babies; the mouth is sterile 
at birth and Candida may become pathogenic while the 
oral bacterial-mycotic flora is becoming established. The 
clinical features are white patches (Fig. 17—16A) that 
rub off, leaving raw, ulcerated areas. Microscopic ex- 
amination reveals the invading mycelia of Candida and 
epithelial destruction (Fig. 17—16B). 
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Figure 17-15. A, Herpes zoster developing on left side of palate. 
B, High-power view of base of a herpetic vesicle, revealing virally 
modified multilobed epithelial cells (arrows). 
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Figure 17-16. A, Candidiasis of oral mucosa showing numerous 
white lesions. B, Biopsy specimen of oral candidiasis showing 
invasion of tissue by mycelia of Candida albicans. 


APHTHOUS STOMATITIS (RECURRENT 
APHTHOUS ULCERS) 


Although clinical and experimental data suggest 
that aphthous stomatitis (canker sores) has a psychoso- 
matic component,” '8 there is evidence to suggest that 
it is autoimmune in origin.’* 7° The disease consists of 
recurrent episodes of painful oral ulcers (Fig. 17—17A), 
often attaining large size with considerable tissue de- 
struction (Fig. 17-17B). Microscopically, the lesions 
present nonspecific ulceration with a marked vascular 
response in the deeper connective tissue. There may 
be thrombosis of these vessels and perivascular lympho- 
cytic infiltration.”" 2? Thus, small localized areas of in- 
farction contribute to the expansion and persistence of 
these ulcers. Oral aphthous ulcers together with con- 
junctiyal and genital lesions may appear in Behcet's 
syndrome.”* 4 


KERATOTIC DISEASES 


Lichen planus is a common oral disease of uncertain 
etiology. Although many etiologic agents have been 
considered, a psychosomatic and/or autoimmune origin 
is currently favored. Oral lichenoid reactions can also 
occur as a systemic drug reaction. The histopathology 
and clinical lesions are quite characteristic in this dis- 
ease. A papular eruption results in white, lacelike or 
reticulate lesions, usually on the buccal mucosa and 
tongue (Fig. 17—18A and B). Plaquelike, erosive, ulcer- 
ative, atrophic, and bullous lesions may also appear. 
The microscopic features consist of parakeratosis, 
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Figure 17-17. Aphthous stomatitis. A, Discrete round ulcer. B, 
Large necrotic lesions. 
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Figure 17-18. Lichen planus. A, Plaquelike white lesions on dorsum of tongue. B, Reticulate white 
lesions of buccal mucosa. C, Biopsy specimen of reticulate oral lichen planus showing parakeratosis 
and lymphocytic infiltrate beneath basal layer. 


780 


hydropic degeneration of the basal layer of epithelium, 
and a lymphocytic infiltration in the upper corium (Fig. 
17—18C). The epithelial degeneration may be sufficiently 
severe so that the epithelium lifts off the connective 
tissue as a vesicle” or degenerates to form an ulcer. 
Lesions may be present on the skin as well as on the 
oral mucosa (see Chapter 27). 

Leukoplakia is a clinical term signifying a white, 
plaquelike lesion on the mucosa.” The oral lesion is a 
reaction to irritation such as smoking (Fig. 17—19A and 
B).?’ In 90% of cases, microscopic examination reveals 
a hyperkeratosis and varying amounts of submucosal 
chronic inflammatory infiltration (Fig. 17-19C). In 10% 
of cases there is also epithelial dysplasia, and these 
lesions are considered precancerous. Many are trans- 
formed into carcinoma in situ and gradually become 
invasive epidermoid carcinomas (Fig. 17-19D). Genetic 
factors may determine whether a leukoplakic lesion will 
be of simple keratotic or dysplastic type. The simple 
keratotic type does not appear to develop into the 
dysplastic or precancerous variety. 
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AUTOIMMUNE DISEASES 


The oral mucosa may be involved in autoimmune 
disease such as systemic lupus erythematosus (SLE). 
There are no characteristic oral lesions in SLE, but 
nonspecific ulceration may occasionally occur as a man- 
ifestation of the generalized debilitated status of the 
patient. In pemphigus, another disorder of probable 
immunologic origin, the mouth is invariably involved 
(Fig. 17-20A), and the oral vesiculobullous lesions pre- 
cede the skin lesions. Early diagnosis facilitates therapy, 
and definitive diagnosis can be made from an oral tissue 
biopsy. The characteristic acantholysis is diagnostic.” 
Acantholysis refers to intraepithelial vesiculation caused 
by loss of desmosomes and separation of epithelial cells 
in the stratum spinosum.*? The basal layer remains 
attached to the underlying corium (Fig. 17—-20B). A high 
percentage of cases of pemphigus respond positively to 
direct immunofluorescent tests, but occasionally the test 
is negative in the early stage of the disease. In the 
direct immunofluorescent technique, a biopsy specimen 
from the oral mucosa is incubated with fluorescein- 
labeled IgG from the patient’s serum. In a positive test 
for pemphigus, the immunofluorescent immunoglobulin 
is localized in the intercellular spaces between epithelial 
cells (p. 1294). 

Mucous membrane pemphigoid may resemble oral 
pemphigus but is differentiated by the fact that the 
vesicles and bullae arise at the junction of the epithelium 
and corium. Pemphigoid affects the mouth and occa- 
sionally other mucosal sites, such as the conjunctiva. 
The etiology is possibly autoimmune. Bullous lesions 
may appear in the mouth in addition to a desquamative 
type of gingivitis.*° Microscopic examination of the le- 
sions reveals subepithelial vesiculation. Ultrastructural 
studies have demonstrated a split in the basal mem- 
brane.*! In occasional cases, basement membrane anti- 


bodies can be demonstrated by immunofluorescence (p. 
1295).*? 

In chronic discoid lupus erythematosus there may 
be oral lesions consisting of white plaques or areas of 
ulceration. Microscopic examination reveals four char- 
acteristic histologic features: parakeratosis, hydropic de- 
generation of the basal layer, a perivascular lymphocytic 
infiltration in the corium, and collagen degeneration. 
Basement membrane antibodies can often be demon- 
strated by immunofluorescence. 


DRUG REACTIONS 


Local reactions to drugs (stomatitis venenata) are 
rare. Occasional allergic responses to lipstick, tooth- 
pastes, mouthwashes, and denture material are re- 
ported.** Oral reactions to systemic drugs are common 
and of various types, and the clinical manifestations can 
be extremely variable. Allergic reactions usually appear 
as vesiculobullous eruptions, urticarial reactions, or 
fixed drug eruptions. Direct toxic reactions are more 
damaging and appear as erosions and ulcers. Idiosyn- 
cratic reactions can be unusual, such as the gingival 
hyperplasia seen as a frequent response to phenytoin. 
Jodides and bromides may produce granulomatous oral 
lesions. Black tongue may be caused by antibiotics, 
resulting from the proliferation of resistant chromogenic 
bacteria on the lingual papillae. 

Erythema multiforme (p. 1284) is of unknown eti- 
ology, although many cases represent a drug reaction, 
and some appear to be a response to systemic infections 
or emotional stress. The mouth is usually affected, often 
severely, with the labial mucosa tending to be the site 
of major involvement. Lesions are vesiculobullous, with 
ulceration and secondary crusting on the lips (Fig. 17- 
21A). Typical target lesions may appear on the skin, 
characterized by concentric bands of erythema with a 
vesicle or ulcer in the center. A severe hemorrhagic 
variant of erythema multiforme is the Stevens-Johnson 
syndrome, with extensive involvement of mouth, skin, 
conjunctiva, and genitalia.* The histopathologic picture 
is relatively characteristic. There is a striking degener- 
ation of the upper epithelium as well as inflammation 
and subepithelial vesiculation (Fig. 17—21B).* 

Angioneurotic edema of the lips is an occasionally 
observed urticarial reaction. As discussed in Chapter 5 
(p. 210), it is caused by a genetic deficiency in Cl 
inhibitor. 


GENETIC DISEASES 


Genetic diseases affecting the oral mucosa are rare. 
White, folded stomatitis or white sponge nevus is inher- 
ited as an autosomal dominant trait and appears as 
multiple white, plaquelike lesions. Microscopically 
there is extensive spongiosis or intracellular edema. 
Systemic genetic diseases affecting the oral mucosa 
include von Recklinghausen’s neurofibromatosis (p. 138) 


Figure 17-19. A, Leukoplakia of palate in a heavy smoker. B, Leukoplakia of buccal mucosa in a 
smoker. C, Microscopic appearance of simple leukoplakia showing hyperkeratosis. D, Microscopic 
appearance of dysplastic leukoplakia showing cellular pleomorphism and hyperchromatism (carcinoma 
in situ). 
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Figure 17-20. A, Bullous lesions confined to the mouth in a patient 
with pemphigus. B, Biopsy specimen of oral pemphigus lesion 
showing acantholysis. 


and Osler-Weber-Rendu disease (hereditary hemor- 
rhagic telangiectasia, p. 542). Cleft lip and cleft palate 
may occur either as developmental malformations or as 
part of a genetic disease syndrome. 


TUMOR-LIKE LESIONS 


Numerous tumor-like lesions develop in the mouth. 
Mucocele is a cystic lesion arising in distended mucosal 
mucous glands. As the glands distend, they often rup- 
ture. Since there is rarely a true cyst wall with an 
epithelial lining, the term “mucous cyst” is out of favor.*® 
“Mucous extravasation phenomenon” is often used as a 
histopathologic diagnosis.*’ A large mucocele of the floor 
of the mouth, usually with a true epithelial lining, is 
often referred to as a ranula because of its thin, trans- 
parent covering and vascular network resembling a frog 
skin. 

Dermoid cyst is an unusual cystic lesion that can 
develop either above or below the mylohyoid muscle, 
so that it can appear either as a tumor-like mass in the 
floor of the mouth or as a midline mass in the neck just 
inferior to the lower border of the mandible.** The 
dermoid cyst represents a developmental malformation 
derived from rests of multipotential cells. It is somewhat 
similar to those of the ovary (p. 1149). 

Pyogenic granuloma is a common oral lesion con- 


stituting, in essence, a vasoproliferative inflammatory 
response.** *© Thus, it is sometimes termed an angio- 
granuloma. If the epithelial surface is ulcerated and 
suppuration is evident, the preferred term is pyogenic 
granuloma. The so-called “pregnancy tumor,” discussed 
earlier, is an angiogranuloma or pyogenic granuloma. 

The peripheral (gingival) giant cell granuloma is 
another unusual tumor-like lesion thought to be of 
inflammatory origin.*"” ” It appears as a l- to 1.5-cm 
localized mass protruding from the gingiva (Fig. 17- 
22A). The lesion appears microscopically as a mass of 
multinucleate giant cells scattered throughout a fibroan- 
giomatous matrix (Fig. 17-22B). Despite its inflamma- 
tory origin, the lesion is similar microscopically to the 
giant cell lesions of hyperparathyroidism (p. 1330) and 
giant cell tumors of bone (p. 1345). The term epulis has 
been used for this lesion. 


BENIGN TUMORS 


So-called “benign tumors” are very common in the 
mouth, particularly fibromas and hemangiomas. They 
are currently interpreted as hamartomatous lesions 
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Figure 17-21. A, Erythema multiforme showing severe involvement 
of lips and bullous lesions on oral mucosa. B, Oral lesion of erythema 
multiforme showing subepithelial vesiculation and severe degener- 
ation of upper layers of epithelium. 
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Figure 17-22. A, Giant cell granuloma of gingiva. B, Biopsy specimen of giant cell granuloma showing 
multinucleate giant cells and fibroangiomatous stroma. 


rather than true neoplasms. Their size varies consider- 
ably; an entire tongue may be involved by an extensive 
angioma, resulting in macroglossia with numerous sur- 
face lesions. The terms angiomatosis® and fibromatosis 
are often used in describing very large and extensive 
lesions. Other benign tumors found in the oral cavity 
are papilloma, lymphangioma, lipoma, adenoma, pleo- 
morphic adenoma (mixed tumor), neurofibroma, 
schwannoma, and nevus. An unusual type of oral benign 
tumor is the so-called granular cell myoblastoma, found 
most often in the tongue. Morphologically, this is iden- 
tical to myoblastomas occurring elsewhere (p. 1316). 
Microscopically the tumor is composed of large cells 
with granular cytoplasm, and the overlying epithelium 
invariably demonstrates pseudoepitheliomatous hyper- 
plasia. The histogenesis of these lesions is uncertain, 
but currently a neurogenic origin is favored.** * A rare 
lesion similar to myoblastoma microscopically is found 
on the gingiva of infants and is referred to as congenital 
epulis.*© Other rare lingual tumors are chondroma” and 
osteoma. *® 


MALIGNANT TUMORS 


Although every type of malignant tumor has been 
found in the mouth, only epidermoid (squamous cell) 
carcinoma can be considered reasonably common. When 
one speaks of oral cancer, one means epidermoid car- 
cinoma, since this form of neoplasia represents approx- 
imately 97% of oral malignant tumors. Oral cancer 
accounts for 5% of all malignant tumors in the body and 
constitutes a serious problem. In a study of 14,253 cases 
of oral carcinoma, Krolls and Hoffman found the follow- 
ing distribution of tumors: lower lip (88%), tongue 
(22%), and floor of mouth (17%). Much less frequently 
involved were the gingiva (6%), palate (5.5%), tonsillar 
area (5%), upper lip (4%), and buccal mucosa (2%). 
Most patients were between the ages of 40 and 70 
(74.5% of cases). Less than 10% of cases occurred in 
females and less than 10% in blacks.* Clinically, oral 
cancer may appear as a papillary, ulcerative, or (rarely) 
deeply infiltrative lesion (Fig. 17-23). Early diagnosis 
of oral cancer should be relatively simple, since the 
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Figure 17-23. A, Fungating epidermoid carcinoma arising in gingiva. B, Ulcerated and raised lesions 
of epidermoid carcinoma of lateral border of tongue. 


region is easily accessible to visualization, palpation, 
and biopsy. However, current therapy for oral cancer is 
not highly successful, since most lesions are not discov- 
ered and treated in their early stages of development. 
A number of risk factors in oral cancer have been 
documented. Heavy tobacco use is a major etiologic 
factor in mouth cancer, and alcohol use has been found 
to be an additional risk.** ® 

Microscopically, oral epidermoid carcinoma varies 
in its degree of differentiation. Lesions of the lower lip 
tend to be well differentiated, whereas lesions of the 
tongue tend to be anaplastic or poorly differentiated. 
For this reason, cancer of the tongue and other areas 
such as the floor of the mouth have a poorer prognosis 
than lesions of the lip. The accuracy of initial biopsy in 
the diagnosis of oral epidermoid carcinoma has been 
shown to be close to 100% in a large series of cases 
studied,” but the accuracy of oral cytology was found 
to be approximately 85% in a controlled study.*! Exfol- 
iative examination of oral cavity secretions is not relia- 
ble, since saliva, with its proteolytic enzymes, rapidly 
destroys the cellular morphology as the cells are di- 
gested. Oral cytologic techniques require scraping of 
the surface of a suspicious lesion and smearing of the 
material onto a microscopic slide for fixation and stain- 
ing. Oral cytology is widely used as a screening proce- 
dure but not as a diagnostic test, since biopsy is more 
reliable. 

The only other intraoral malignant tumors seen 
with some degree of frequency are adenocarcinomas 
arising in submucosal salivary glands. They occur on 
the palate and represent about 2 to 3% of oral malignant 
tumors. A variant is the mucoepidermoid carcinoma. 
The prognosis is guarded in all forms of oral adenocar- 
cinoma because deep invasion of contiguous tissues and 
metastasis to regional lymph nodes are common with 
these lesions. Other oral malignancies, such as malig- 
nant melanoma, are extremely rare, representing less 
than 1% of cases of oral cancer. The melanocarcinoma 


usually presents as a darkly pigmented lesion within the 
oral mucosa, which histologically resembles its counter- 
part of the skin (p, 1279).” 


ORAL MANIFESTATIONS OF SYSTEMIC 
DISEASES AND METABOLIC DISTURBANCES 


Since the time of Osler, the mouth has been said 
to mirror the state of health of the individual. Although 
the concept has been somewhat exaggerated, there are 
a number of diseases and abnormal metabolic states that 
induce oral manifestations.** A smooth, atrophic tongue, 
resulting from atrophy of filiform and fungiform pa- 
pillae,*”’ is seen in iron deficiency anemia (Plummer- 
Vinson syndrome), pernicious anemia, sprue, vitamin B 
deficiency, and tertiary syphilis (Fig. 17-24A). Unusual 
hemorrhage from the gingiva suggests scurvy, throm- 
bocytopenia, or other hemorrhagic diseases. Enlarged, 
red, boggy gingiva may occur in pregnancy, leukemia, 
polycythemia, or scurvy. Extensive oral and labial me- 
lanotic pigmentation may appear in Addison’s disease, 
Peutz-Jeghers syndrome,® and possibly Albright’s syn- 
drome (polyostotic fibrous dysplasia) (Fig. 17-24B). An 
enlarged tongue with areas of yellow discoloration may 
be an early manifestation of amyloidosis. Blanching of 
the tongue may be observed in Raynaud’s disease. 
Oral mucous glands are affected as part of the general- 
ized gastrointestinal glandular involvement in cystic 
fibrosis, and a labial biopsy may be useful in effecting a 
definitive diagnosis. Regional ileitis (Crohn’s disease) 
may present small nodular or ulcerative granulomatous 
lesions in the mouth.© Patients with ulcerative colitis 
may also have small ulcerations in the mouth as well as 
a pyostomatitis vegetans, with papillary suppurative 
lesions.®' Lesions of the oral mucosa have also been 
described in unusual dermatologic disorders such as 
Darier'’s disease.” 
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Figure 17-24. A, Severe atrophic glossitis with ulceration in perni- 


cious anemia. B, Melanotic pigmentation of gingiva in Addison's 
disease. 


DISEASES OF JAWS 


The mandible and maxilla are affected by general- 
ized skeletal diseases and develop infections and neo- 
plasms similar to those in other parts of the skeletal 
system. However, there are a number of unique lesions 
related to the development of the tooth germs and to 
the embryonic development of the jaws. 


DEVELOPMENTAL MALFORMATIONS 


Cleft palate is the most common of the severe 
malformations affecting the upper jaw. Its frequency of 
occurrence is 1 in 2500 live births. It may involve only 
the palate and be midline, or it may affect the alveolus 
(tooth-bearing part of the jaws) and be unilateral or 
bilateral (Fig. 17—-25A). Cleft palate may occur as a 
localized malformation or may be associated with a 
number of other developmental malformations in ge- 
netic conditions such as Apert’s or Down’s syndromes. 
Genetic diseases may also result in severe malocclusion 
due to developmental micrognathia or hypoplasia of 
jaws. Among minor developmental malformations of the 
jaws are localized, bony, tumor-like protuberances on 
the palate or on the mandibular alveolus, referred to as 
torus palatinus or torus mandibularis (Fig. 17—25B). 
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Developmental lesions of the jaws also include a variety 
of developmental cysts, and a group of tumor-like ha- 
martomatous lesions cOmposed of dental tissues and 
referred to as odontomas. 


OSTEOMYELITIS 


Osteomyelitis is a rare infection of the jaws. Acute 
osteomyelitis was a common problem before the devel- 
opment of antibiotic drugs and represented extension 
of infection from a dental alveolar abscess. Chronic, 
nonspecific osteomyelitis is seen occasionally as a re- 
sponse to a chronic or subacute periapical infection. 
Specific forms of osteomyelitis such as tuberculous, 
syphilitic, or actinomycotic osteomyelitis are extremely 
rare, and represent hematogenous infection or entrance 
of the infection through a tooth extraction socket or 
through an exposed and infected dental pulp. The 
microscopic appearance of osteomyelitis of the jaws is 
similar to that of osteomyelitis affecting other parts of 
the skeletal system (p. 1323). 


CYSTS 


Cysts of the jaws are extremely common. Most 
frequently seen is the radicular cyst (already described), 
the origin of which is inflammatory. Others may be 


Figure 17-25. A, Cleft lip and palate, B, Torus palatinus. 


786 


termed developmental cysts, and arise from either the 
tooth germs (dental follicle) or multipotential cell rests 
that have remained in the suture areas of the jaws 
(where the primordial jaw processes unite during em- 
bryologic development to form the mandible and max- 
illa). Those cysts arising from the dental organ may be 
termed odontogenic developmental cysts or follicular 
cysts (arising from the dental follicle). Those arising in 
suture regions are termed fissural cysts and are usually 
described by their area of origin—globulomaxillary cyst, 
median mandibular cyst, nasopalatine cyst, etc. The 
globulomaxillary cyst always arises between the maxil- 
lary lateral incisor and cuspid teeth. This is the suture 
region between the embryonic maxillary and globular 
processes. 

Follicular cysts arise in any region of the alveolus. 
A tooth may be absent, suggesting that the cyst arose 
from its follicle and prevented its normal development. 
If all teeth are present, it can be assumed that the cyst 
arose from the follicle of a supernumerary tooth. If the 
follicular cyst develops once the tooth has started to 
form, the tooth or its crown may be part of the cyst wall 
and may penetrate into the cystic cavity. This type is 
referred to as a dentigerous cyst (Fig. 17—26A). All cysts 
of the jaws have a cyst wall composed of dense fibrous 
connective tissue lined with epithelium. The epithelium 
is usually nonkeratinizing stratified squamous (Fig. 17— 
26B). In maxillary cysts, it may be pseudostratified 
columnar. Rarely, it may be simple columnar or cuboi- 
dal, or the stratified squamous epithelium may develop 
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Figure 17-26. A, Dentigerous cyst of maxilla with two supernumerary teeth (ST). B, Biopsy specimen 


of dentigerous cyst. 


keratin. The term epidermoid cyst is used if the epithe- 
lium is of the keratinizing variety. 


ODONTOGENIC TUMORS 


Out of all proportion to their incidence, odonto- 
genic tumors have received considerable attention over 
the years.® ® Odontomas are to be regarded as hamar- 
tomatous lesions rather than true tumors. They repre- 
sent abnormal development of dental tissues. The clas- 
sifications of odontomas have been unnecessarily 
detailed, since they merely describe minor variations in 
structure. Most calcified or hard odontomas contain all 
dental tissues and are observed radiographically as cir- 
cumscribed lesions in the jaws. The dental tissues may 
form small teeth (compound composite odontoma) or 
may be arranged haphazardly (complex composite odon- 
toma). Soft odontomas are usually composed of loose 
mesenchymal connective tissue (odontogenic fibro- 
myxoma) and may contain islands of ameloblastic epi- 
thelium (ameloblastic fibroma) (Fig. 17—27A and B). An 
unusual type of calcifying epithelial odontogenic tumor 
was first described by Pindborg.* The tumor is com- 
posed of sheets of pleomorphic epithelial cells and a 
stroma of connective tissue. Eosinophilic spherical bod- 
ies that undergo calcification are seen among the groups 
of epithelial cells and in the stroma. 

Ameloblastoma is a true neoplasm, comparable in 
appearance and activity with the basal cell tumor of 
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Figure 17-27. A, Odontoma consisting of structures resembling tooth buds. B, Odontoma composed 
of a variety of dental tissues, often in a disorganized pattern (complex composite odontoma). C, 
Ameloblastoma showing nests of epithelial cells within a fibrous connective tissue stroma. Varying 
stages of cystic development are seen. D, Odontogenic adenomatoid tumor showing the formation of 
structures resembling ducts or acini. 
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skin. It occurs most often in the mandible in the areas 
of the molars and ramus and is a locally invasive, highly 
destructive tumor that does not metastasize. Most re- 
ports of metastatic ameloblastoma represent original 
misdiagnoses, the tumor being a carcinoma or adeno- 
carcinoma rather than an ameloblastoma. The older term 
for this tumor, adamantinoma, has now been discarded, 
since the tumor does not form enamel. Ameloblastoma 
has a characteristic microscopic appearance with cords 
or nests of ameloblastic epithelium lying in a dense 
connective tissue stroma. The nests of ameloblastic 
epithelium are composed of peripheral cuboidal or 
columnar cells and a central stellate reticulum (Fig. 17- 
27C). The central reticulum often undergoes degener- 
ation, creating microcysts that may eventually reach 
macroscopic size to form a polycystic tumor. In some 
ameloblastomas, the stellate reticulum undergoes rudi- 
mentary keratinization, and this histologic variant is 
occasionally termed acanthomatous ameloblastoma.© 
The stellate reticulum may disappear, leaving an ade- 
nomatoid appearance (adenoameloblastoma).™ ® The 
classification of ameloblastomas based on minor histo- 
logic variations is of little value, since it has not been 
demonstrated that the different histologic types behave 
differently at a clinical level. There has been some 
evidence that the adenoameloblastoma is somewhat less 
aygressive clinically than the more typical forms of this 
neoplasm,®*” ® and the term odontogenic adenomatoid 
tumor” has been suggested in order to differentiate 
these lesions from ameloblastomas (Fig. 17—27D). 

An unusual melanotic tumor found in the maxilla 
of infants, often described as a melanoameloblastoma or 
retinal anlage tumor, is now considered to be of neural 
crest origin” and is termed melanotic neuroectodermal 
tumor of infancy.” The tumor may be locally invasive, 
but is benign and does not recur following surgical 
removal. 
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NONODONTOGENIC BENIGN TUMORS 


Benign tumors of the jaws include such entities as 
hemangioma, myxoma, fibroma, neurofibroma, and true 
giant cell tumor (as distinct from reparative giant cell 
granuloma). These neoplasms are identical to their 
counterparts occurring elsewhere. All benign tumors of 
the jaws expand in size relatively slowly, but their 
configuration is not spherical. Their margins extend into 
the intertrabecular spaces of bone for some distance, so 
that curettage of the tumor may not completely remove 
all tissue at the margins, and for this reason the tumor 
may recur. Recurrence does not signify malignancy or 
aggressive behavior but merely that remnants of the 
tumor remained after its surgical removal. The giant 
cell tumor of the jaws, like that of other bones, may be 
a benign lesion that may recur after surgical therapy. 
However, some giant cell tumors are locally aggressive, 
and bone and even the roots of teeth are resorbed as 
the lesion expands. It should be noted that all intraos- 
seous giant cell lesions are not true giant cell tumors, 


since central giant cell reparative granulomas occur in 
hyperparathyroidism; indeed, some workers interpret 
all giant cell lesions of the jaws as reparative granu- 
lomas.” 


NONODONTOGENIC MALIGNANT TUMORS 


Primary malignant tumors of the jaws are extremely 
rare.” 4 In order of frequency they are fibrosarcoma, 
osteogenic sarcoma, chondrosarcoma, lymphoma, neu- 
rogenic sarcoma, angiosarcoma, and ameloblastic sar- 
coma as well as rarer variants. An unusual form of 
lymphoma affecting the jaws is known as Burkitt's 
lymphoma,” a distinctive neoplasm described earlier. 

The jaws are also involved in multifocal bone tu- 
mors such as multiple myeloma” and Ewing's sarcoma. 
Malignant tumors metastatic to the jaws are more com- 
mon than are primary malignant tumors. They tend to 
be carcinomas, and various surveys’ ® have found the 
most frequent primary lesions to be carcinoma of the 
breast, lung, kidney, rectum or colon, prostate, thyroid, 
stomach, and salivary glands and malignant melanoma. 
The mandible is involved much more frequently than 
the maxilla (over 85% of cases). Tumors metastatic to 
the oral soft tissues are exceedingly rare.” 


METABOLIC BONE DISEASES 


The jaws are affected by metabolic diseases such as 
fibrous dysplasia, Paget's disease of bone, histiocytosis 
X, hyperparathyroidism, and osteoporosis. Monostotic 
fibrous dysplasia tends to occur more commonly in the 
jaws than does polyostotic disease. Because of its micro- 
scopic similarity, cementoma, a common lesion of bone 
seen at the apices of the teeth, is now considered to be 
a localized form of fibrous dysplasia. In fibrous dysplasia 
of the jaws (described more completely on p. 1333), the 
bone initially is replaced by active fibrous connective 
tissue. Gradually, trabeculae or islands of dense, rela- 
tively acellular bone develop within the connective 
tissue and may result in a relatively calcified lesion that 
is opaque on radiographs.” Fibrous dysplasia of the jaws 
may remain localized to a small region or may increase 
in size and gradually expand beyond the cortex of the 
bone, producing gross deformity of the jaw or face. 

Paget’s disease may affect the maxilla in addition 
to other parts of the skeletal system (p. 1331). Initially 
there is replacement of marrow spaces and trabeculae 
by fibrous connective tissue. Gradually the typical pic- 
ture of active Paget’s disease appears, with increased 
osteoblastic as well as increased osteoclastic activity. 
Irregular resorption and appositional lines form a mosaic 
pattern within the bony trabeculae. Eventually the 
disease becomes inactive and sclerotic as osteoblastic 
activity predominates.®° Radiographic studies of the 
maxilla present radiolucency in the lytic phase, a 
ground-glass appearance in the active phase, and radi- 
opacity in the inactive phase. Unique features of Paget’s 
disease in the maxilla are hypercementosis of the roots 


of the teeth, with occasional ankylosis to bone, and 
progressive malocclusion and spreading of teeth as the 
maxilla expands. 

The jaws can be involved in multifocal eosinophilic 
granuloma (Hand-Schiiller-Christian disease) and Let- 
terer-Siwe disease, but these conditions are extremely 
rare. However, eosinophilic granuloma is occasionally 
seen as a solitary lesion of the mandible or maxilla, and 
presents the typical microscopic picture of eosinophils 
lying within a background of histiocytes (p. 695).*! 


DISEASES OF SALIVARY GLANDS 


Generalized disease of the salivary glands affects 
the production of saliva, and significantly decreased 
salivary flow results in a dry mouth (xerostomia) leading 
to irritation, erosion, and ulceration of the oral mucous 
membrane as well as enhanced susceptibility to peri- 
odontal disease and dental caries. Generalized diseases 
of salivary glands also tend to involve the mucous glands 
of the oral mucosa, and characteristic histopathologic 
alterations may be observed in a simple biopsy specimen 
of labial mucosa, obviating biopsy of the parotid gland. 
Localized lesions of the major salivary glands and their 
ducts usually do not affect the mouth significantly, but 
result in swelling, pain, and discomfort in the parotid 
and submandibular regions. The sublingual glands are 
rarely affected by localized disease such as neoplasia. 


XEROSTOMIA 


Xerostomia may be caused by physiologic mecha- 
nisms such as the use of sympathomimetic drugs, by 
emotional disturbances, by anticholinergic organic ner- 
vous system disease, by degeneration of glands following 
radiation to the area, by atrophic changes in aging, and 
by diseases such as sarcoidosis or Sjégren’s disease.” 
Acute infections such as mumps (epidemic parotitis) run 
a brief course and rarely result in permanent glandular 
disease, but produce a temporary xerostomia. Obstruc- 
tion of a duct by lithiasis or traumatic scar may decrease 
the amount of saliva, but the remaining glands usually 
maintain adequate function. Likewise, a neoplasm af- 
fects salivary flow but only to a minor extent. Sjogren's 
disease of probable autoimmune etiology,® described 
earlier (p. 189), is a major cause of xerostomia. 


GLANDULAR DUCTAL OBSTRUCTION 


Obstruction of Stensen’s or Wharton’s ducts by 
inflammatory fibrosis or lithiasis results in glandular 
distention that is usually painful. The ductal obstruction 
predisposes to retrograde spread of oral bacteria, thus 
inducing sialadenitis. Such retrograde migration of in- 
fection is rare in the absence of ductal obstruction but 
occasionally occurs during general anesthesia, and is 
known as “postsurgical parotitis.” 
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NEOPLASMS 


In view of their relatively undistinguished normal 
morphology, the salivary glands give rise to a surprising 
variety of benign and malignant tumors. Approximately 
75 to 85% occur in the parotids, 10 to 20% in the 
submandibular glands, and the remaining 5 to 15% in 
the minor salivary glands (mainly palatal). The consid- 
erable variability of the histologic appearance and clin- 
ical behavior of both the benign and malignant forms 
has resulted in complex and differing classifications.*** 
Table 17-1 presents a classification developed by the 
World Health Organization along with the approximate 
frequency of the specific forms of neoplasms. Several 
points should be noted: 

1. This compilation refers only to epithelial tumors; 
mesenchymal lesions such as hemangiomas, lipomas, 
and others may arise in these glands but account for 
only about 5% of all tumors.®’ 

2. The ratio of benign to malignant differs among 
the neoplasms of the various salivary glands as follows: 
parotid, 3-5:1; submandibular, 2:1; palatal glands, 1:1.% 
It is evident that a neoplasm within a minor salivary 
gland is much more likely to be malignant than one in 
the parotid. 

3. For reasons that are unclear, carcinomas of the 
salivary glands as a group tend to pursue a slow course 
characterized by local recurrences, invasion of adjacent 
structures, late metastases, and death. Thus, only 10- 
to 20-year survival data have any validity in terms of 
therapy. 

Irrespective of the histologic pattern, all neo- 
plasms of the major salivary glands tend to present 


Table 17-1. EPITHELIAL TUMORS IN THE PAROTID AND 
SUBMANDIBULAR GLANDS* 


Parotid Submandibular 
Adenomas 
Pleomorphic adenoma 53 to 76% 29 to 68% 
Monomorphic adenoma 
Adenolymphoma 5 to 15% 0 to 2% 
Oxyphilic adenoma 0.5 to 1% 0 to 0.5% 
Other types (basal cell 0 to 2% 0% 
adenoma, trabecular 
adenoma, tubular 
adenoma, sebaceous 
lymphadenoma, etc.) 
Mucoepidermoid tumors 2 to 6% 0 to 7% 
Acinic cell tumors 1 to 3% 0 to 0.5% 
Carcinomas 
Adenoid cystic carcinoma 2 to 38% 11 to 17% 
Adenocarcinoma 1 to 7% 0 to 11% 
Epidermoid carcinoma 0.5 to 6% 3 to 11% 
Undifferentiated carcinoma 3.5 to 4% 7 to 9% 
Carcinoma in pleomorphic 
adenoma (malignant 1.5 to 4% 2% 


mixed tumor) 


“Data compiled from Skolnik, E. M., et al.: Tumors of the major salivary 
glands. Laryngoscope 87:843, 1977; Eneroth, C. M.: Salivary gland tumors 
in the parotid glands, submandibular gland, and the palate region. Cancer 
27:1415, 1971; Thackray, A. C., and Lucas, R. B. (eds.): Tumors of the Major 
Salivary Glands. Washington, D. C., Armed Forces Institute of Pathology, 
1974, p. 14. 
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clinically in a somewhat standard fashion. Both benign 
and malignant tumors present as palpable masses, dom- 
inantly in the parotid glands, sometimes in the subman- 
dibular glands, and rarely in other salivary glands. 
However, it should not be overlooked that enlargement 
of the salivary glands is less often due to a tumor than 
to such non-neoplastic conditions as inflammations and 
ductal obstruction. Parotid lesions usually produce dis- 
tinctive swellings in front of and below the ear (Fig. 
17-28). Sometimes, tumors arising in the anterior por- 
tion of the parotid appear surprisingly far removed from 
the ear, while others arising in the lower regions of the 
gland masquerade as cervical masses. Some parotid 
tumors situated deep to the course of the facial nerve 
do not become palpable until they are moderately 
advanced. When diagnosed, adenomas are generally 2 
to 6 cm in diameter and are mobile upon palpation. 
They enlarge very slowly, do not invade or metastasize, 
and are painless. Malignant lesions often present in a 
similar manner and are of similar size when diagnosed. 
However, they tend to enlarge more rapidly. Most 
significantly, because of their close relationship to the 
facial nerve, invasive malignant tumors may induce pain, 
numbness, paresthesias, or facial nerve paralysis when 
the nerve becomes involved. The usual age of all 
patients with benign tumors is 45, but those with 
malignant parotid tumors are, on the average, only 
slightly older. The average duration of symptoms with 
benign tumors is approximately 24 months as compared 
with nine to ten months for malignant tumors. However, 
a significant number of patients with malignant tumors 
have a long history of a mass and some for more than 
ten years before diagnosis. Ultimately, the only reliable 
means of differential diagnosis of these lesions is excis- 
ional biopsy and morphologic analysis.* 
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Benign 


PLEOMORPHIC ADENOMA. This most common tumor 
of the major salivary glands is distinctive by virtue of 
its marked histologic diversity. It is characterized prin- 
cipally by epithelial and myoepithelial components dis- 
tributed in varied patterns through an abundant matrix 
of mucoid, myxoid, or chondroid supporting tissue. 
Islands of well-formed cartilage, bone, and occasionally 
squamoid and/or sebaceous epithelial cells may also be 
present. This heterogeneity gave rise in the past to the 
designation “mixed tumor of salivary glands” in the 
belief that the lesion arose from epithelial and mesen- 
chymal anlage. There is now general agreement that 
the apparent mesenchymal components are all derived 
from either the epithelial or myoepithelial cells, ac- 
counting for the currently accepted designation “pleo- 
morphic adenoma,’ but the precise contribution of 
myoepithelial cells remains unclear.” 


Grossly, these tumors are encapsulated, somewhat 
lobulated masses ranging from 1 to 6 cm in diameter. They 
may be buried within the salivary gland substance or pro- 
trude superficially beneath the glandular capsule. The cut 
surface is yellow-white and basically soft and fleshy, but 


often there are blue-gray translucent areas of increased 
consistency caused by the chondroid foci and other regions 
where the neoplasm is mucoid and gelatinous. 

Microscopic examination reveals the heterogeneity pre- 
viously mentioned. Some tumors are predominantly cellular 
and composed of epithelial and myoepithelial elements, 
whereas others are dominantly made up of apparent mes- 
enchymal components with only a scattering of epithelial 
cells (Fig. 17—29A). Some importance is attached to the 
proportions of these two basic components on the grounds 
that cellular, predominantly epithelial neoplasms are more 
likely to grow rapidly and recur following resection than those 
made up largely of mesenchymal-appearing components.*"' 
However, within an individual tumor there is considerable 
variability from one microscopic field to another. The range 
of patterns can best be encompassed by describing the 
individual elements that may be present. The epithelial cells 
may be dispersed throughout the stromal background in 
small strands or sheets, or may form ducts, acini, irregular 
tubules, or microcysts. The cells may be cuboidal or col- 
umnar and sometimes have mucin-containing vacuoles. 
Squamous differentiation may occur in the form of intercel- 
lular bridges or keratin pearls. The myoepithelial cells are 
smaller and darker and tend to be polygonal, with an 
eccentric nucleus and hyalin eosinophilic cytoplasm, giving 
rise to such terms as “plasmacytoid” or “hyaline” cells.% 
Sometimes the myoepithelial cells are spindle shaped or 
show squamous differentiation (Fig. 17-29B, C, and D). 
Surrounding this epithelial component, sometimes dispersing 
it, are areas of myxoid tissue with abundant basophilic 
ground substance that is metachromatic with toluidine blue 
stain and is PAS negative. Distinctive is the imperceptible 
blending of the epithelial and mesenchyma-like elements at 
their interface. Islands of chondroid material may be present 
having the appearance of true cartilage, but the margins of 
these islands also merge imperceptibly with the surrounding 
myxoid or cellular areas. Foci of bone may also be present 
in the myxoid stroma. The histologic range is almost limitless, 
but it is precisely this variation that characterizes the pleo- 
morphic adenoma. 


As the name implies, pleomorphic adenoma is a 
benign lesion. However, when located in the parotid 
gland close to the facial nerve, it is sometimes difficult, 
despite the encapsulation, to enucleate completely. 
Adding to the difficulty, the capsule may at points be 
thinned and somewhat deficient, and therefore difficult 
to define surgically. At such foci of capsular deficiency, 
small pseudopods of tumor may protrude and be left 
behind in the enucleation. Thus, recurrences following 
resection are reported to occur in 5 to 50% of cases, 
with a higher incidence in tumors of the minor salivary 
glands.*? Sometimes these recurrences do not become 
apparent until one to two decades later. Because of the 
wide scattering of the pseudopods that are left behind, 
recurrent lesions tend to be multifocal, in contrast to 
primary tumors, which are almost always unifocal. De- 
spite such behavior, the recurrent tumors are almost 
always benign, but their multicentricity makes secon- 
dary resection increasingly difficult if facial nerve injury 
is to be avoided. Later, it will be pointed out that 
carcinomas may arise in pleomorphic adenomas. The 
issue of whether previous surgery or long persistence 
contributes to such malignant transformation is contro- 
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Figure 17-29. (Mx) and cellular (Cl) 
components. Acinar (Ac) formations are scattered throughout. B, Pleomorphic adenoma showing 
strands of myoepithelial cells. C, Pleomorphic adenoma showing myoepithelial cell clusters with 


deeply staining nuclei and myxoid stroma. D, Pleomorphic adenoma showing a glandular secretory 
pattern and mucoid material. 
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versial, but current opinion holds that the great prepon- 
derance of benign tumors remain benign even when 
recurrent. 

ADENOLYMPHOMA (LYMPHADENOMA). This tumor is 
composed of cystic or glandular spaces lined by colum- 
nar epithelium overlying an abundant lymphoid tissue 
harboring germinal centers. Although the term adeno- 
lymphoma is firmly entrenched, the older terms lym- 
phadenoma, papillary cystadenoma lymphomatosum, or 
Warthin’s tumor may be preferable since they do not 
suggest that the lymphoid component is malignant. 
According to current best evidence, these neoplasms 
are basically of epithelial origin and the lymphoid com- 
ponent is viewed as either a reactive or bystander 
element. One intriguing hypothesis holds that the epi- 
thelial parenchyma is derived from ductal anlagen en- 
trapped during embryogenesis within intra- and peri- 
parotid lymph nodes.*! Newer studies on the lymphoid 
cells reveal a mixture of B and T cells in a ratio and 
pattern identical to that in normal or reactive lymph 
nodes, lending support to the entrapment hypothesis.” 


Most Warthin’s tumors occur in the lower portion of the 
parotid overlying the angle of the mandible. Infrequently, 
there are bilateral tumors. The neoplasms are firm, spherical, 
often coarsely lobulated, encapsulated gray-tan masses, 
sometimes containing grossly visible clefts or cystic spaces 
from which a cloudy, serous, or tenacious fluid escapes. 
Histologically, these cystic or cleftlike spaces are narrowed 
by many papillary projections and are lined by a double- 
layered epithelium in which the surface cells are strikingly 
tall and eosinophilic, while the cells of the underlying layer 
are polygonal or pyramidal and often not easily identified 
(Fig. 17-30). The cells with eosinophilic cytoplasm some- 
what resemble oxyphilic oncocytes, which often appear in 
ducts and acini as the cells undergo aging changes. Ultra- 
structurally, the eosinophilic cytoplasm can be seen to con- 
tain large numbers of mitochondria with cristae of unusual 
conformations as well as crystalloid inclusions. The epithe- 
lium is supported by a rich lymphoid tissue, often containing 
large germinal centers. The lymphoid tissue fills the centers 
of the coarse, papillary projections that extend into the cystic 
spaces, sometimes converting them inio irregular or stellate 
cleftlike conformations. Often the cystic spaces contain gran- 
ular precipitate, sometimes with cholesterol crystal clefts. 
Occasionally, cyst contents that have extravasated into the 
lymphoid tissue induce granulomatous reactions, sometimes 
enclosing needle-shaped cholesterol deposits. The inflam- 
matory reaction may induce squamous metaplasia of 
the columnar epithelial cells. 


These neoplasms represent about 5 to 15% of 
parotid tumors. For unknown reasons they occur pre- 
ponderantly in males (5:1). Almost all are benign and 
readily removed by adequate resection. Very rarely (less 
than 1%) they are malignant. 

OTHER ADENOMAS. A variety of monomorphic ad- 
enomas have been described, including some composed 
virtually solely of oxyphils (oxyphilic adenomas), others 
having lacelike conformations of basal cells (basal cell 
adenomas), tumors in which the epithelium produces 
glandular and tubular patterns (tubular adenomas), rare 
variants in which the myoepithelial cells form tubular 


Figure 17-30. A, Low-power view of adenolymphoma (Warthin’s 
tumor) showing cystic spaces (C) and papillary projections (P). B, 
High-power view of papillary projection showing double-layered 
epithelium (best seen to left) and lymphoid tissue in central portion. 


and glandular patterns surrounded by hydropically vac- 
uolated myoepithelial cells (clear cell adenoma), and 
still other variations. All are well described by Thackray 
and Lucas.*° These monomorphic adenomas assume 
importance only insofar as they are recognized as benign 
neoplasms and differentiated from the more ominous 
neoplasms, described next. 


Malignant 


The World Health Organization’s classification of 
salivary gland neoplasms” divided the epithelial tumors 
into benign and malignant categories. Interpolated be- 
tween them were the mucoepidermoid tumor and acinic 
cell tumor (see Table 17-1) because some pursue a 
benign course whereas others recur, invade aggres- 
sively, and metastasize. Unfortunately, the biologic be- 
havior is difficult to predict from the histology. It seems 
best to consider all these tumors as having the potential 
for malignant behavior, but the ambiguities have led to 
the terms mucoepidermoid tumor and acinic cell tumor. 


MUCOEPIDERMOID TUMOR. These neoplasms are 
composed of variable mixtures of squamous cells, mu- 
cus-secreting cells, and cells having intermediate differ- 
entiation. They account for 2 to 7% of all salivary gland 
neoplasms, occurring preponderantly in the parotids 
and much less frequently in the submandibular glands. 
However, they may also arise in minor salivary glands 
where they represent the second most common form of 
malignant neoplasm. 


Grossly, these present as poorly defined masses that 
usually are partially but not completely encapsulated. They 
are not larger than the usual salivary gland neoplasms 
described. On cross section they may be solid, cystic, or 
semicystic. The fluid within the cystic spaces ranges from 
clear, thin mucus to thick, tenacious, turbid secretion. His- 
tologically, the basic pattern is that of cords, sheets, or cystic 
conformations of squamous, mucous, or intermediate cells. 
The hybrid cell types often have squamous features in which 
small-to-large mucus-filled vacuoles are present, best 
brought out by PAS or mucicarmine stains (Fig. 17-31). The 
cytology ranges from well-differentiated cells with small 
regular nuclei to less well-differentiated cells with variably 
sized nuclei, hyperchromatism, and occasional mitotic fig- 
ures. The squamous elements may show intercellular 
bridges, or areas of keratin pearl formation. A common 
pattern is one in which well-defined squamous cells about 
the periphery of a nest of cells merge imperceptibly into 
well-defined mucus-secreting cells within the center of the 
nest. The intermediate zone contains the expected transi- 
tional forms. The fibrous connective tissue stroma enclosing 
these epithelial elements is nondistinctive. 


The difficulty in judging the clinical behavior of an 
individual neoplasm from the degree of differentiation 
of the epithelial cells has already been pointed out. 
Nonetheless, in a large series of cases there is some 
concordance between the clinical course and the histo- 
logic appearance of the tumor.” In general, the less 
aggressive neoplasms, representing about 40% of all 
cases, have a preponderance of mucus-secreting cells 


Figure 17-31. Mucoepidermoid tumor composed of squa- 
mous cells (single arrows) and vacuolated mucous cells 
(double arrows). 
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with well-defined cyst formations. It must be empha- 
sized that even these better differentiated lesions may 
metastasize. Poorly differentiated tumors are generally 
solid and consist preponderantly of epidermoid and 
intermediate cells, which exhibit nuclear pleomorphism 
and mitoses. Often there is infiltration through the 
tumor capsule with lymphatic and perineurial invasion. 
Such features are clearly suggestive of a worse prognosis. 

Acinic CELL Tumor. This uncommon tumor gets 
its name from the fact that histologically it is composed 
of cells similar to those making up the serous acinar 
cells of the parotid gland. It occurs most commonly in 
the parotids, although it may also arise in the subman- 
dibular or minor salivary glands.” Despite the similarity 
of the tumor cells to serous acinar cells, the origin of 
these neoplasms is now thought to be multipotential 
intercalated duct cells.’ 


The gross morphology of these lesions is indistinguish- 
able from that of many pleomorphic adenomas. They are 
usually well encapsulated and sometimes contain areas of 
necrosis or hemorrhage. 

Microscopically the acinic cells are generally disposed 
in glandular patterns, sometimes producing a remarkable 
resemblance to the normal parotid architecture. At other 
times the groupings take the forms of solid cords or diffuse 
sheets. Occasionally there are microcystic spaces into which 
papillary fronds project. The individual cells may be polyhe- 
dral or rounded with small, regular nuclei and basophilic 
granular cytoplasm—features found in normal acinar cells. 
The granules are PAS positive and ultrastructurally are 
characteristic of secretory granules. Secretion may accu- 
mulate within the cytoplasm to produce small-to-large vac- 
uoles, sometimes with virtual clearing of the cytoplasm (Fig. 
17-32). Mitoses are generally infrequent, but in more ag- 
gressive lesions there may be some loss of differentiation. 
In some neoplasms there is a prominent stromal lymphoid 
infiltrate. 


Overall, the prognosis after resection of these tu- 
mors is good, and five-year survival rates of 70 to 85% 
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Figure 17-32. Acinic cell carcinoma composed almost entirely of 
clear cells. 


have been achieved. However, late recurrences and 
metastases lower the cure rate to approximately 65% at 
10 years and 45% at 15 years.’ 

ADENOID Cystic CARCINOMA. These clearly malig- 
nant neoplasms of salivary glands are also known as 
cylindromas. They arise most frequently in the parotids. 
In the submandibular glands they represent a higher 
proportion of all neoplasms (approximately 20%). They 
are also the most common malignant tumor of minor 
salivary glands, with a particular predilection for those 
of the palate. 


Grossly, these are obviously infiltrative lesions that 
invade the surrounding glandular substance and sometimes 
the overlying skin. Rarely, they ulcerate through the skin. 
The cut surface is typically gray-white and firm. 

Histologically, there is a wide range of patterns that can 
best be characterized as tubular, cribriform, or solid.'°? These 
architectural patterns are made up of either duct-lining 
secretory cells or possibly myoepithelial cells. The tubular 
lesion exhibits numerous branching and anastomosing tu- 
bules, often having a double layer of lining epithelial cells. 
The cribriform pattern is most distinctive of adenoid cystic 
Carcinoma, appearing as lacelike reticulated strands of cells, 
sometimes completely or incompletely encircling cystic 
spaces filled with a granular or stringy precipitated secretion 
(Fig. 17-33). Occasionally, broad sheets of cells are perfo- 
rated by closely packed glandular or microcystic spaces. 
Both the microcystic spaces and the region directly adjacent 
to the cribriform nests may contain strikingly hyalinized 
eosinophilic material that corresponds ultrastructurally and 
histochemically to reduplicated basement membrane. The 
third histologic variant, referred to as solid, is least common 
and consists of masses and sheets of small compact cells. 


As locally invasive lesions, these tumors infiltrate 
the surrounding normal gland substance and classically 
extend into perineurial spaces. Metastases may occur to 
regional lymph nodes and sometimes even more widely 
to viscera, but aggressive local extension is more char- 
acteristic of these cancers. Thus, involvement of the 
facial nerve sometimes occurs, rendering resection of 
the tumor difficult. The prognosis is best for the tubular 
pattern, worst for the solid pattern, and intermediate 


= Se 


‘ ae - € 
ane. ra ej hye Kr: 
%< : r SS H 
a co eR Saget 
“Rge iB reas 
wy «>> 
Weg s ye 


, 


Figure 17-33. Adenoid cystic carcinoma of salivary glands showing 
cribriform pattern. 


with the cribriform lesions. Of patients who eventually 
died of their neoplasms, those having tubular lesions 
had an average survival of nine years, whereas those 
with solid tumors survived for an average of five years. 

CARCINOMA IN PLEOMORPHIC ADENOMA. From 2 to 
10 per cent of pleomorphic adenomas (with an average 
figure in reported data of approximately 5%) are can- 
cerous and so are called malignant mixed salivary gland 
tumors. Often, residual benign pleomorphic adenoma 
can be found in or about the carcinomatous lesion. 
There is considerable controversy over the interpreta- 
tion of such findings. In some instances there is a long 
history of a salivary gland mass that, following resection, 
is discovered to be a malignant tumor. Implied is the 
existence of a pleomorphic adenoma that in time was 
transformed into a cancer. Thus, some experts believe 
that few carcinomas would arise if benign adenomas 
were adequately removed soon after they appeared. '®° 
On the other hand, some believe that these lesions 
begin in chance latent foci of in situ change in preexist- 
ing benign lesions unrelated to the duration of the 
disease.'“ There is the additional controversy as to 
whether inadequate resection of a pleomorphic adenoma 
followed by recurrence predisposes to malignant trans- 
formation. But the preponderant view is that benign 
pleomorphic adenomas remain benign when the con- 
founding variable of duration is taken into account. 
Resolution of these issues cannot be achieved at present, 
but about all that can be said with certainty is that many 
patients with malignant mixed tumors have a short 
duration of symptoms and are younger in age than those 
with a pleomorphic adenoma. Both features suggest 


that, at least in some instances, these neoplasms are 
malignant from the outset. Generally, the malignant 
focus consists of poorly differentiated adenocarcinoma, 
although a cylindromatous pattern similar to that of 
adenoid cystic lesions may be encountered. As carci- 
nomas, they are frequently recurrent following local 
resection, and about one-third of patients die from local 
or distant spread of the tumor within five years. 

OTHER CARCINOMAS OF SALIVARY GLANDS. Little 
need be said about adenocarcinomas, epidermoid car- 
cinomas, and undifferentiated carcinomas since all are 
extremely rare and their histologic characteristics are 
those expected according to their designations. In ad- 
dition, cancers of extrasalivary origin may also metasta- 
size to the parotid gland, in particular cutaneous squa- 
mous cell carcinoma and malignant melanoma on the 
face. For details on these rarities, reference may be 
made to the review by Thackray and Lucas.* 

STAGING OF SALIVARY GLAND CANCERS. On the 
basis of a comprehensive retrospective study of 861 
patients, a clinical staging system has been proposed. It 
is based on the TNM system and so incorporates the 
following features: (1) size and local extension of the 
primary tumor (T), (2) palpability and suspicion of 
regional lymph nodes (N), and (3) presence or absence 
of distant metastases (M).'° 


NECROTIZING SIALOMETAPLASIA 


Necrotizing sialometaplasia is a benign condition 
involving the palate that clinically, and often histologi- 
cally, may resemble a malignant neoplasm. !™ !® Clini- 
cally, the lesion may present as a unilateral or bilateral 
nonhealing ulceration of the palate. Histologically, there 
is necrosis of mucous gland acini and replacement by 
connective tissue and granulation tissue. A notable 
squamous metaplasia of ducts and mucous acini presents 
an appearance suggestive of an invasive oral cancer or 
mucoepidermoid tumor. Careful analysis of cellular de- 
tail and overall pattern are necessary for a correct 
diagnosis. The etiology of necrotizing sialometaplasia is 
not clear, but localized infarction has been suggested, '® 
followed by unusual glandular activity. Infection may 
play an additional role. 
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Esophagus 


NORMAL Esophageal rings and webs Systemic sclerosis (scleroderma) 
PATHOLOGY Hiatal hernia Vascular Lesions 
Congenital Anomalies Lacerations (Mallory-Weiss syndrome) Varices 
Atresia and fistulas Inflammations Tumors of Esophagus 
Stenosis Esophagitis Benign 
Lesions Associated with Motor Dysfunction Miscellaneous Lesions Malignant 
Achalasia Diverticula Carcinomas 


NORMAL 


An awareness of certain features of the normal 
structure and function of the esophagus is helpful to an 
understanding of its diseases, but there are still gaps in 
our knowledge. This muscular tube, which connects the 
pharynx to the stomach, is lined by stratified squamous 
epithelium; has a well-developed submucosa, a muscu- 
laris of striated muscle in the upper third, and smooth 
muscle in the lower two-thirds; and lacks a serosa. The 
absence of a serosa and the inadequacy of its own blood 
supply facilitate the spread of infection and render 
surgery difficult. The transition between the squamous 
epithelium of the esophagus and the glandular mucosa 
of the stomach is quite abrupt in most normal individuals 
and takes the form of interdigitating tongues of the two 
types of epithelia. Occasionally, isolated islands or sig- 
nificant sections of the lower esophagus are lined by 
columnar secretory epithelium. Whether such changes 
are congenital malformations or acquired alterations will 
be discussed later. The esophagus narrows slightly at 
three levels—the cricdid cartilage, the bifurcation of the 
trachea, and the diaphragmatic hiatus—creating three 
loci vulnerable to trauma, abnormal! dilatation, and 
perforation by foreign bodies. Motor studies indicate 
that there is an upper esophageal sphincter at about the 
level of the fifth to sixth cervical bodies and a lower 
esophageal sphincter (also marked by subtle specialized 
morphologic features), which lies below the diaphragm 
in the abdomen and guards against reflux of stomach 
contents into the esophagus. 

The functions of the esophagus, as is well-known, 
are to conduct food and fluids from the pharynx to the 
stomach and to prevent reflux of gastric contents into 
the esophagus. These functions require coordinated 
motor activity, namely, a wave of peristaltic contraction 
in response to swallowing or esophageal distention; 
relaxation of the lower esophageal sphincter in antici- 
pation of the peristaltic wave; and closure of the lower 
esophageal sphincter after the swallowing reflex. The 
mechanisms governing this motor function are surpris- 
ingly complex and still imperfectly understood. It suf- 
fices for our purposes that they involve both extrinsic 
and intrinsic innervation, myogenic properties, and 

irculating humoral substances.' On swallowing, neural 


impulses are initiated in the dorsal vagal nuclei and are 
transmitted through the vagus nerve to the intrinsic 
myenteric (Auerbach’s) plexus situated in the muscularis 
of both the striated and smooth muscle portions of the 
esophagus. The plexus comprises nests of ganglion cells 
from which postsynaptic fibers are distributed to the 
muscle cells. Distention of the esophagus may also 
initiate peristalsis through stretch receptors in the mus- 
cle fibers. The esophagus also contains receptors for 
many neurohumoral substances, and so the amplitude 
of peristalsis in the smooth muscle portion of the esoph- 
agus is augmented by cholinergic stimulation, alpha- 
adrenergic drugs, and histamine. Conversely, anticho- 
linergic drugs reduce the amplitude of peristalsis in the 
smooth muscle of the esophagus but do not affect the 
orderly propagation of the wave of contraction. 

The control of lower esophageal sphincter (LES) 
function is poorly understood. LES relaxation in antic- 
ipation of a peristaltic wave may be mediated by aden- 
osine triphosphate or vasoactive intestinal peptide, but 
is dependent on one intact vagal trunk to the esophageal 
plexus. Maintenance of sphincteric closure of the LES 
is necessary to prevent reflux of gastric contents, which, 
relative to the esophagus, are under positive pressure. 
Many substances increase LES tone, e.g., gastrin, ace- 
tylcholine, serotonin, prostaglandin F,,, motilin, sub- 
stance P, histamine, and pancreatic polypeptide. Which 
of these agents are of importance in the normal physi- 
ologic function of the LES is uncertain, but at present 
gastrin is accorded only a minimal role.” The rather 
banal anatomy of the esophagus and the LEF belies 
their complex physiology. 


PATHOLOGY 


Lesions of the esophagus run the gamut from highly 
fatal cancers to less life-threatening, but nonetheless 
disabling, neuromuscular disturbances, inflammations, 
and vascular abnormalities. Because they are lethal, 
carcinomas of the esophagus are the most important 
disorders of this level of the gut, making up about 10% 
of all cancers of the alimentary tract. Second in impor- 
tance are esophageal varices, which are mostly associ- 
ated with portal hypertension and cirrhosis. Their rup- 
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ture is frequently followed by massive hematemesis 
(vomiting of blood) and exsanguination. Other lesions 
such as achalasia, webs, esophagitis, and hiatus hernias 
are more frequent but less threatening to life. Distress- 
ing to the gastroenterologist is the fact that all disorders 
of the esophagus tend to produce similar symptoms. 
Dysphagia (subjective difficulty in swallowing) and 
“heartburn are major symptoms of all forms of esoph- 
ageal pathology. Pain and hematemesis are sometimes 
evoked, particularly by those lesions associated with 
ulceroinflammatory changes in the esophageal wall. The 
clinical differential diagnosis of disorders of the esoph- 
agus is difficult and often requires specialized proce- 
dures such as cineradiography, manometry, and eso- 
phagoscopy. 
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CONGENITAL ANOMALIES 


Developmental defects in the esophagus are un- 
common. Because they cause immediate regurgitation 
when feeding is attempted, they are usually discovered 
soon after birth. They must be corrected early, since 
they are incompatible with life. 


ATRESIA AND FISTULAS 


Absence (agenesis) of the esophagus is extremely 
rare and may affect the entire length or only a portion 
of it. Much more common are atresia and fistula for- 
mation. In embryologic development, the gut and res- 
piratory tract begin as a single tube; thus, it is no 
surprise that developmental anomalies may affect and 
interconnect both tracts. In atresia, a segment of the 
esophagus is represented by only a thin, noncanalized 
cord with the resultant formation of an upper blind 
pouch connecting with the pharynx and a lower pouch 
leading to the stomach. Most commonly, the atresia is 
located at or near the tracheal bifurcation. In about 80 
to 90% of cases, the lower pouch communicates through 
a fistulous tract with the trachea or main stem bronchi. 
Much less commonly, a fistulous communication exists 
between the blind upper esophageal pouch and the 
respiratory tree. 

Excessive salivation, vomiting, coughing from re- 
gurgitated aspirated mucus, or paroxysmal suffocation 
from food that passes directly from the upper pouch 
into the respiratory tree are the prominent clinical 
manifestations. Even cyanosis and asphyxia may result. 
When the lower pouch communicates with the respi- 
ratory tract, the stomach tends to fill with air. Recon- 
structive surgery can effect cures, but if the condition 
is not recognized promptly, death may occur from 
asphyxia, aspiration pneumonia, and fluid and electro- 
lyte imbalances: Often associated with such anomalies 
are congenital heart disease and malformations of the 
small intestine, rectum, and anus. 


STENOSIS 


Abnormal narrowing of the esophagus with the 
persistence of a constricted lumen may occur as a 
developmental defect, or may be an acquired lesion 
resulting from involvement of the esophagus in sclero- 
derma or inflammatory scarring incident to esophagitis 
(p. 801). The narrowing may be quite limited or may 
involve up to 10 cm of the esophagus. When present as 
a congenital defect, stenosis is manifested by feeding 
difficulty from birth. | 

Acquired stenoses usually first become manifest in 
adult life. The anatomic changes are nonspecific and 
consist of fibrous thickening of the esophageal wall 
associated with atrophy of the muscularis. The fibrosis 
of scleroderma is described on page 191. Secondary to 
esophagitis, it is generally accompanied by chronic 
inflammatory infiltrates, principally in the submucosa 
and periesophageal fibrous tissue. The lining epithelium 
is usually thin and sometimes ulcerated. The extent and 
location of such changes depend on the initial disorder 
giving rise to the fibrotic reaction. In severe acquired 
stenoses, virtually total obstruction may result. 


LESIONS ASSOCIATED WITH MOTOR 
DYSFUNCTION 


Dysphagia is encountered both with derangements 
in motor function of the esophagus and with diseases 
that narrow or obstruct the lumen, such as fibrous 
stenoses or cancerous lesions. True dysphagia can be 
mimicked by the psychologic disturbance globus hyster- 
icus, which produces the sensation of uncomfortable 
fullness or “a lump in the throat” not necessarily asso- 
ciated with swallowing. In this section our attention is 
directed to four entities that are caused by or induce 
motor dysfunction of the esophagus: achalasia, esopha- 
geal rings and webs, hiatal hernias, and lacerations of 
the esophagus. 


ACHALASIA 


This uncommon disorder of esophageal motility is 
characterized clinically by progressive dysphagia and 
regurgitation, which usually become manifest in young 
adulthood but may appear in infancy or childhood. The 
term cardiospasm was once in vogue because the motor 
dysfunction was thought to arise from abnormal spasm 
of the lower esophageal sphincter (LES). The currently 
used name, achalasia, literally means failure of relaxa- 
tion, implying a defect in relaxation of the esophageal 
musculature in advance of the propulsive wave of per- 
istalsis. Both terms have validity because three func- 
tional abnormalities have been identified: (1) aperistal- 
sis, (2) partial or incomplete relaxation of the LES, and 
(3) increased basal tone of the LES.° 


The pathogenesis of these motor dysfunctions is 
still not understood, but they would appear to involve 
some derangement in the innervation of the esophagus 
and its lower sphincter. However, the locus of the 
neural defect is uncertain because anatomic studies have 
yielded inconstant findings. Most studies, but not all, 
reveal a loss of myenteric ganglion cells in the body of 
the esophagus.* There is less agreement as to whether 
the ganglion cells in the lower sphincter are normal, 
reduced, or absent. However, abnormalities in the 
vagus nerve and all the way back to the dorsal motor 
nucleus in the brain have also been reported, as well as 
hyperresponsiveness of the lower sphincter to the hor- 
mone gastrin.® Thus, the locus and nature of the neural 
derangement is still somewhat unsettled. 

The etiology of the neural changes is totally ob- 
scure. Arguing against a congenital defect is the fact 
that the disease usually becomes manifest in young 
adult life. Nutritional deficiencies or infection with a 
neurotropic virus have been proposed but without con- 
vincing evidence. In only one situation is the etiology 
of achalasia known, namely, Chagas’ disease caused by 
Trypanosoma cruzi. This quite common infection in 
South America causes destruction of the myenteric 
plexus. However, in Chagas disease the esophageal 
achalasia is frequently accompanied by trypanosomal 
infection and neural disturbances in other sites leading 
to megaloureter, megaduodenum, and megacolon. 
These extraesophageal involvements are not seen in the 
nontrypanosomal cases of achalasia. 


Classically, in the usual sporadic form of achalasia there 
is progressive dilatation of the esophagus above the level of 
the lower sphincter. It may become elongated and tortuous 
and assume a “sigmoid” appearance. The wall of the esoph- 
agus may be of normal thickness, thicker than normal owing 
to hypertrophy of the muscularis, or thinned out by dilatation: 
The myenteric ganglia are usually absent from the body of 
the esophagus but may or may not be reduced in number 
in the region of the lower sphincter. There have been reports 
of degeneration of the myelin sheaths and breaks in the 
axons of the intraesophageal ramifications of the vagus 
nerve, but these changes have been denied by others. The 
lining of the esophagus may be unaffected, but sometimes 
ulceroinflammatory lesions with fibrotic thickening are seen 
just above the lower sphincter. Leukoplakia may appear in 
the inflammatory regions, and rarely these mucosal thick- 
enings progress to cancer. 


The classic clinical symptom of achalasia is progres- 
sive dysphagia. Gradual in onset, and at first intermit- 
tent and precipitated by emotional stress, the difficulty 
in swallowing later becomes more persistent and dis- 
turbing. Regurgitation of undigested food may occur at 
night and be aspirated, leading possibly to aspiration 
pneumonia. The most serious aspect of this condition is 
the hazard of development of carcinoma of the esopha- 
gus, said to occur in 2 to 7% of affected patients. These 
cancers usually appear at a younger age than in individ- 
uals without this disease, sometimes as early as the 


third decade of life. 


Esophagus 799 


ESOPHAGEAL RINGS AND WEBS 


Annular narrowings of the esophagus, sometimes 
comprising circumferential mucosal folds, are uncom- 
mon lesions encountered in a variety of clinical circum- 
stances. Those lesions in the upper esophagus (above 
the aortic arch) are often designated “webs” to differ- 
entiate them from lower esophageal “rings.” Most pa- 
tients are over the age of 40 years. Webs are generally, 
although not exclusively, seen in women. In the past, 
much emphasis was placed on the fact that these women 
often had a concomitant iron deficiency anemia and 
sometimes hypochlorhydric chronic gastritis as well. 
Thus was created the Plummer-Vinson or Paterson-Kelly 
syndrome, being the triad of esophageal web, iron 
deficiency anemia, and hypochlorhydria. Recent studies 
indicate, however, that esophageal webs may be seen 
without an associated anemia and that the concurrence 
of webs, anemia, and hypochlorhydria is probably co- 
incidental, because chronic gastritis and anemia are by 
themselves very common in older women. 

Lower esophageal (Schatzki's) rings usually occur 
close to the squamocolumnar junction and are not 
associated with iron deficiency anemia nor confined to 
women. The gastroenterologic literature suggests that 
they are more frequent than pathologic studies would 
indicate. Undoubtedly, they might be missed by the 
pathologist, since normal LES tone contributes to their 
prominence and, once the esophagus is opened, they 
could virtually disappear. About 15% of patients with 
this anatomic condition have an accompanying hiatal 
hernia. 


Well-developed esophageal webs appear as smooth 
mucosal ledges in the opened esophagus. Virtually all lower 
rings are found in the caudal 5 cm and mostly at the 
squamocolumnar junction. They rarely protrude into the 
lumen more than 5 mm and have a thickness of 2 to 4 mm. 
Histologically, the upper surface is covered by stratified 
squamous epithelium and the undersurface by columnar 
gastric-like epithelium. The central core is composed of a 
vascularized fibrous tissue often containing scattered inflam- 
matory cells. 


Dysphagia, usually provoked when an individual 
bolts solid food, is the main symptom associated with 
esophageal rings or webs. Pain is infrequent. Often the 
discomfort is episodic, with long, symptom-free inter- 
vals. In some patients, the discomfort progressively 
worsens with years and is elicited even by soft food; in 
others, the condition constitutes only a nonprogressive 
annoyance that persists throughout life.® 


HIATAL HERNIA 


Hiatal hernia is a disorder of the gastroesophageal 
junction that results in a saclike dilatation of the stomach 
protruding above the diaphragm. 
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Two anatomic patterns can be recognized, but only with 
difficulty because relaxation of tissue tone after death ob- 
scures both forms of hiatus hernia. In the first, the esophagus 
ends above the diaphragm, creating a symmetric, bell-like 
dilatation of that portion of the stomach within the thoracic 
cavity. The dilatation is bounded below by the diaphragmatic 
narrowing. This abnormality may result from a congenitally 
short esophagus or may be an acquired defect secondary 
to long-standing fibrous scarring of the esophagus. Whatever 
the basis, traction on the stomach pulls a portion of it into 
the thorax. About 90% of all hiatal hernias are of this type.’ 
The supradiaphragmatic herniation of the stomach is accen- 
tuated by muscular contraction of the esophagus during the 
act of swallowing, and so this traction pattern is also called 
a Sliding hernia. 

The second pattern is designated “paraesophageal hia- 
tal hernia.” A portion of the cardiac end of the stomach 
dissects alongside the esophagus through a defect in the 
diaphragmatic hiatus to produce an intrathoracic sac. It is 
usually small and is found alongside the normally positioned 
lower end of the esophagus. Because the stomach rolls up 
alongside the esophagus, this form is sometimes called a 
rolling hernia. Less than 10% of hiatal hernias are of this 
type. More extreme forms of paraesophageal hernia are 
encountered following traumatic rupture of the diaphragm. 

It is important to differentiate these two forms; only the 
paraesophageal is vulnerable to strangulation and infarction. 


Enthusiastic roentgenologists report hiatal hernias 
in 4 to 7% of otherwise normal individuals,*® over half of 
whom have no symptoms whatsoever. Only about 9% 
(usually those with a sliding hernia) suffer from such 
disturbances as retrosternal burning pain (“heartburn”) 
and sometimes regurgitation of gastric juices into the 
mouth. These manifestations are attributed to incom- 
petence of the esophagogastric sphincter and are accen- 
tuated by positions favoring reflux, e.g., bending for- 


ward or lying supine. Such symptoms are more common 
in elderly, obese women and it is not certain that they 
are related to the hiatal hernia. It should be cautioned 
that gastroesophageal reflux or heartburn can occur 
without a hiatal hernia; conversely, hiatal hernia can be 
present without these symptoms. Bleeding is sometimes 
seen but very likely is associated with the development 
of secondary esophagitis or gastritis.° 


LACERATIONS (MALLORY-WEISS SYNDROME) 


Small tears in the esophagus are fairly uncommon 
lesions that usually occur as a result of prolonged 
vomiting. Some are said to occur without antecedent 
vomiting. These lesions are encountered most com- 
monly, but not exclusively, in chronic alcoholics with a 
history of hematemesis following a bout of excessive 
vomiting. Normally, a reflex relaxation of the muscula- 
ture of the gastrointestinal tract precedes the antiper- 
istaltic wave of contraction. One pathogenetic concept 
speculates that during episodes of prolonged vomiting, 
this reflex relaxation fails to occur.’° The refluxing gastric 
contents suddenly overwhelm the contraction of the 
sphincter of the cardia, and massive dilatation and 
tearing of the esophageal wall ensue at the esophago- 
gastric junction. Since these tears also occur in persons 
who have no history of vomiting, other mechanisms 
must exist. Several studies have related these tears to 
underlying inapparent hiatal hernias. It is postulated 
that the inadequate diaphragmatic support provides an 
area of weakness that potentiates abnormal dilatation 
when subjected to increased intragastric pressure. This 
view contends that lacerations do not occur in the 
absence of these hiatal defects. 


Figure 18-1. Esophageal laceration. Gross view demonstrating a longitudinal laceration extending 


from esophageal mucosa into stomach mucosa. 


The linear irregular lacerations are oriented in the axis 
of the esophageal lumen and are several millimeters to 
several centimeters in length. They usually are found 
astride the esophagogastric junction or in the proximate 
gastric mucosa (Fig. 18-1). The tears may involve only the 
mucosa or may penetrate deeply enough to perforate the 
wall. 

The histology is not distinctive. The early lesion is a 
nonspecific traumatic defect accompanied by fresh hemor- 
rhage into the margins of the defect. A nonspecific inflam- 
matory response follows. Infection of the defect may lead to 
an inflammatory ulcer or to mediastinitis. 


Esophageal lacerations account for 5 to 10% of all 
cases of massive hematemesis, but more often the 
bleeding is not profuse and ceases without surgical 
intervention; supportive therapy such as vasoconstric- 
tive medications and transfusions, or sometimes balloon 
tamponade, are usually all that is required.’ Clinical 
evidence suggests that complete healing may occur, 
since a previous episode may leave no residuals. 


INFLAMMATIONS 


Inflammatory lesions of the esophagus are relatively 
common autopsy findings, but only rarely do they cause 


clinical symptoms. Indeed, in most cases they represent 


agonal changes appearing within the last days of life, 
presumably reflecting profound debility and deranged 
sphincteric control mechanisms at the cardioesophageal 
junction. Significant inflammation is encountered in a 
wide variety of clinical circumstances, and may be 
responsible for disturbing symptoms and even death. 


ESOPHAGITIS 


The following are the more important circumstan- 
ces under which inflammations of the esophagus (esoph- 
agitis) may appear: 

1. Reflux of gastric contents, so-called reflux esoph- 
agitis. 

2. Prolonged gastric intubation. 

3. Ingestion of irritants such as alcohol, corrosive 
acids or alkalis (in suicide attempts), excessively hot 
fluids such as tea, and heavy smoking. 

4. Uremia. 

5. Bacteremia or viremia with direct infection of 
the esophageal wall or contiguous structures. Herpes 
simplex virus and cytomegalovirus are the more com- 
mon offenders. 

6. Fungal infections (moniliasis, mucormycosis, as- 
pergillosis) in debilitated patients, in those with an 
immunologic deficiency or receiving immunosuppres- 
sive therapy, and in association with broad-spectrum 
antibiotic therapy. 

7. Radiation. 

8. Cytotoxic anticancer therapy, with or without 
superimposed fungal infection. 

9. In association with such systemic desquamative 
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dermatologic conditions as pemphigoid and epider- 
molysis bullosa. 

10. Graft-versus-host disease. 

PATHOGENESIS. Among these associations, reflux of 
gastric contents is the first and foremost cause of esoph- 
agitis. The origins of reflux esophagitis are more obscure 
than the term would imply. Reflux of small amounts of 
acid-peptic gastric juice is a common event in normal 
individuals and is not productive of esophagitis. The 
development of inflammatory changes in the esophagus 
is thought to require multiple concurrent influences: 
(1) frequent and protracted reflux is requisite—thus, 
incompetence of the lower esophageal sphincter is an 
important predisposition; (2) disordered esophageal mo- 
tility permits the refluxed gastric contents to remain in 
contact longer with the esophageal mucosa; (3) elevated 
acid-peptic levels of the regurgitated fluid as well as of 
bile acids and lysolecithin derived from regurgitated 
duodenal contents are additional contributing factors. 

There are many other origins of esophagitis, as has 
been indicated. With some, such as intubation, radia- 
tion, and direct microbial seeding, the cause of injury 
is obvious. Monilial esophagitis has increased in fre- 
quency with the growing use of immunosuppressive, 
broad-spectrum antibacterial and antineoplastic drugs. 
The monilial infections are usually encountered in ter- 
minally ill patients, who become particularly vulnerable 
to fungal opportunists. Exogenous damaging influences 
such as smoking and consumption of alcohol and exces- 
sively hot fluids may also play causal roles. Esophagitis 
is more frequent among chronic alcoholics and heavy 
cigarette smokers. In Northern Iran, where alcohol is 
not consumed, the drinking of copious quantities of hot 
tea is suspected; esophagitis was observed in 86% of the 
population.'* But often the pathogenesis is obscure, as 
it is with uremia. 


Esophagus 


MORPHOLOGY. The anatomic changes depend on the 
causative agent, and the duration and severity of the expo- 
sure. Simple hyperemia may be the only alteration. More 
severe degrees of injury result in edema and thickening of 
the wall, sometimes pseudomembrane formation, or areas 
of superficial necrosis and ulceration. Typically, moniliasis 
produces large, gray-white inflammatory pseudomembranes 
or ulcerative lesions teeming with the causative fungus. If 
the inflammatory process has been severe, fibrosis and 
stricture formation may follow. Histologically, the reaction 
depends on the intensity of the injury. Thickening of the 
epithelium, largely by widening of the basal layer; thinning 
of the surface layers so that submucosal pegs reach the 
lumen; and submucosal inflammatory cell infiltrates have 
been recorded." 

In patients with persistent gastroesophageal reflux, the 
distal esophagus may become lined with columnar secretory 
epithelium rather than the usual stratified squamous epithe- 
lium. In 1957 Barrett referred to this morphologic change as 
lower esophagus lined by columnar epithelium.’* Al- 
though this designation has gained wide acceptance, the 
entity is more often referred to as Barrett’s esophagus. 
The transformed epithelium may be of congenital origin but 
is more likely an upgrowth of gastric glandular epithelium 
that, in most instances, undergoes metaplasia. A mosaic of 
cells appear—surface mucous, goblet, absorptive, mucous, 
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neck, and neuroendocrine—typical of intestinal and gastric 
mucosa."* The significance of Barrett’s esophagus lies in the 
facts that, in addition to indicating reflux, characteristic peptic 
ulcerations may appear in this columnar-lined esophagus 
(sometimes leading to fibrosing strictures), and there is an 
increased risk of cancer. In a survey of 130 cases, there 
were 12 instances of superimposed adenocarcinoma."’ 
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CLINICAL Course. The clinical manifestations of 
esophagitis consist principally of dysphagia, retrosternal 
pain, and sometimes hematemesis or melena. 

Esophagitis must be differentiated from agonal or 
postmortem digestion—esophagomalacia. Characterist- 
ically, these postmortem lesions produce superficial 
discolorations or autolysis of the esophageal wall, which 
are brown-black owing to acid digestion of hemoglobin. 
A spotted or bizarre maplike pattern, often called “leop- 
ard spotting,” is produced. The ultimate criterion of the 
nature of such postmortem lesions is the absence of an 
inflammatory response. 


MISCELLANEOUS LESIONS 
DIVERTICULA 


Esophageal diverticula comprise usually small (2 to 
4 cm) outpouchings of the esophageal wall. In some, 
the outpouching dissects between the muscle fibers and 
so is composed principally of mucosa, submucosa, and 
some investing fibrous tissue; in others, however, the 
muscularis yields and becomes distended along with the 
inner layers of the esophageal wall. Diverticula occur 
in three principal areas: (1) immediately above the upper 
esophageal sphincter (Zenker’s diverticulum), (2) near 
the midpoint of the esophagus, and (3) immediately 
above the lower esophageal sphincter. Classically it has 
been taught that lesions in the upper and lower esoph- 
agus result from increased intraluminal pressure, cre- 
ating pulsion diverticula, whereas those occurring in the 
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Figure 18—2. Diverticulum of esophagus. 


midesophagus result from the pull of inflammatory 
adhesions, thus creating traction diverticula (Fig. 18— 
2). Manometric studies, however, suggest that all are 
due to yielding of the esophageal wall to increases in 
intraluminal pressure. 

Diverticula may cause no symptoms when they are 
small and may be discovered only incidentally. How- 
ever, they may induce dysphagia, regurgitation when 
overdistended with food, pulmonary aspiration, or a 
sense of fullness in the neck. Persistent stasis of food 
may lead to ulcerations and hematemesis. Fortunately, 
such ulcerations perforate extremely rarely, leading to 
mediastinitis. 


SYSTEMIC SCLEROSIS (SCLERODERMA) 


Involvement of the esophagus in the systemic dis- 
ease scleroderma is usually accompanied by involvement 
of other levels of the gut and other internal organs also. 
Because these visceral components exist, scleroderma 
is now more appropriately termed systemic sclerosis. 
The major consideration of this disease has already been 
presented (p. 190). The esophageal and lower intestinal 
lesions consist of submucosal fibrosis, followed by fi- 
brous overgrowth and atrophy of the smooth muscula- 
ture. Concomitantly, the overlying mucosa becomes 
atrophic and sometimes develops large ulcerations. In 
far-advanced cases, extreme rigidity and narrowing of 
the esophagus develop. Similar narrowing occurs in the 
affected small and large bowel. When such visceral 
lesions develop in the course of scleroderma, the prog- 
nosis worsens. 


VASCULAR LESIONS 
VARICES 


Regardless of cause, portal hypertension, when 
sufficiently prolonged or severe, induces the formation 
of collateral bypass channels wherever the portal and 
caval systems interdigitate. The pathogenesis of portal 
hypertension and the locations of these bypasses are 
considered in some detail on page 917. Here we are 
concerned with the bypasses that develop in the region 
of the lower esophagus when portal flow is diverted 
through the coronary veins of the stomach into the 
plexus of esophageal submucosal veins, thence into the 
azygous veins, and eventually into the systemic circu- 
lation. The increase in pressure in the esophageal plexus 
produces dilated tortuous vessels called varices. Portal 
hypertension is most commonly caused by cirrhosis, 
although rarely it may be produced by portal vein 
thrombosis, hepatic vein thrombosis (Budd-Chiari syn- 
drome), pylephlebitis, or tumorous compression or in- 
vasion of the major portal radicles. Varices occur in 
approximately two-thirds of all cirrhotic patients and are 
most often associated with alcoholic cirrhosis, sometimes 
called fatty nutritional cirrhosis. They are less commonly 
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found in association with pigment cirrhosis and postne- 
crotic scarring of the liver and are rarely produced by 
biliary or cardiac cirrhosis. Very infrequently, varices 
are encountered in systemic amyloidosis and sarcoidosis. 
Furthermore, rare cases have been described without 
evident cause for the portal hypertension. 


Varices are difficult to visualize in surgical or postmor- 
tem material, because when the veins are transected and 
drained, the varices collapse. Under optimal conditions, they 
appear as tortuous dilated veins in the long axis of the bowel 
that protrude directly beneath the mucosa or are found in 
the periesophageal tissue (Figs. 18-3 and 18-4). Varices 
are most commonly seen in the distal third of the esophagus 
but are occasionally found in the middle third. 

When the varix is unruptured, the overlying mucosa 
may be normal, but often it is eroded and inflamed because 
of its exposed position. If rupture has occurred in the past, 
thrombosis or superimposed inflammation may be seen (Fig. 
18-5). 


Varices produce no symptoms until they rupture, 
and then calamitous massive hematemesis usually en- 
sues. Among patients with advanced cirrhosis of the 
liver, half the deaths result from rupture of a varix. 
Some patients die as a direct consequence of the hem- 
orrhage and others of hepatic coma triggered by the 
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Fig. 18-4 


Figure 18-3. Esophageal varices. Gross view demonstrating tortuous dilated submucosal varices in 
middle and lower thirds of esophagus. 
Figure 18—4. Esophageal varices. View from below of unopened cardia showing remarkable similarity 
between varices of esophagus, as they protrude into stomach, and their rectal counterparts, 
hemorrhoids. 


hemorrhage. Once begun, the hemorrhage rarely sub- 
sides spontaneously. Rupture of the varix may occur 
without an apparent triggering event, usually when 
there has been silent inflammatory erosion of the over- 
lying thinned mucosa. On the other hand, in many of 
these patients, vomiting with presumed increase of 
hydrostatic pressure within the varix is the antecedent 
to the rupture. It is clinically important that even when 
varices are present, they account for only half of all 
episodes of massive hematemesis. In the remainder the 
bleeding arises from concomitant gastritis, esophageal 
laceration, or peptic ulcer. However, when varices 
bleed, 40% of patients die after the first episode. In 
those who survive, rebleeding occurs in about half, with 
an approximate 40% mortality rate following each epi- 
sode. 


TUMORS OF ESOPHAGUS 
BENIGN 
A variety of benign tumors occur in the esophagus. 


These are usually small, rarely over 3 cm in diameter, 
and occur mostly as intramural, solid, gray submucosal 
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masses. The most common is the leiomyoma, but fibro- 
mas, lipomas, hemangiomas, neurofibromas, lymphan- 
giomas, and squamous papillomas may also arise in this 
location. They are usually chance findings at postmortem 
and are rarely large enough to cause symptoms. 


MALIGNANT 


The great preponderance of cancers in the esoph- 
agus are squamous cell carcinomas of variable levels of 
differentiation. About 5 to 10% are adenocarcinomas 
and an equal percentage are undifferentiated carcino- 
mas. Sarcomas (leiomyosarcoma and fibrosarcoma) and 
melanocarcinoma are so rare as to be medical curiosities. 
The following discussion relates to the various forms of 
carcinoma (excluding melanocarcinomas, which are 
identical to those occurring in other locations). 


Carcinomas 


In the United States, carcinomas of the esophagus 
represent about 10% of all cancers of the gastrointestinal 
tract, but they cause a disproportionate number of 
cancer deaths. They remain asymptomatic during much 
of their development and so are often discovered too 
late to permit cure. Most in the U.S. occur in adults 
over the age of 50; children are seldom affected. 

EPIDEMIOLOGY. Global epidemiologic data on the 
incidence of this form of cancer are both intriguing and 
baffling. The U.S. incidence rates per 100,000 popula- 
tion are about four for white males and one for white 
females. For unknown reasons, blacks throughout the 


Figure 18-5. Esophageal varix. Low-power cros 
ruptured through the mucosa. A small amount of thrombus is present within the point of rupture. 
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world are more vulnerable than whites, and in the U.S. 
both black males and females have a roughly fourfold 
greater incidence than whites. In three areas of the 
world—Northeast Iran, the Transkei in South Africa, 
and North China—esophageal carcinoma is very com- 
mon, having incidence rates 10- to 25-fold greater than 
those of the U.S.'8 In Northeast Iran, esophageal cancer 
is one of the most common causes of death in adults. 
Globally, this form of neoplasia is generally more com- 
mon in males than in females, but in Iran the reverse 
obtains. The incidence of this form of cancer in the 
Transkei has risen 100-fold in the past 50 years. 
ETIOLOGY AND PATHOGENESIS. Not surprisingly, 
we do not understand the origins of this form of cancer 
but there are many strong suggestions that preexistent 
esophageal disease and environmental factors play im- 
portant roles. The incidence of carcinoma is higher 
among those with esophagitis, achalasia, lye strictures, 
esophageal diverticula, and esophageal webs than in 
control groups. Esophagitis in particular increases the 
risk: witness the 10% incidence of adenocarcinomas in 
those with a “Barrett esophagus” in association with 
reflux esophagitis (p. 802). Analogously, esophagitis is 
found in over 80% of the population where esophageal 
cancer is very frequent in Iran and China.’® It seems 
plausible that any type of esophageal disease associated 
with mucosal injury, regeneration, and dysplasia, and 
also possibly with impaired transport exposing the mu- 
cosa longer to environmental influences, might predis- 
pose to cancer. Environmental influences are thus 
thought to contribute to causing this form of cancer, 
particularly alcohol, smoking, and irritants such as ex- 
cessively hot and spicy foods, but even with these, 
enigmas remain. Epidemiologic surveys in the United 


States indicate a 25-fold increased risk among heavy 
drinkers and a six- to sevenfold increased risk among 
habitual smokers of cigarettes, cigars, or pipes.” ”! 
However, in the high-incidence areas of China and Iran, 
smoking and alcohol consumption are not implicated. 
Indeed, in certain regions of Iran the frequency of this 
form of cancer is extremely low and surveys comparing 
high-risk with low-risk regions disclose no differences 
in alcohol or smoking practices.”” Copious consumption 
of hot foods and beverages has been proposed as a 
causative influence; hot tea drinking, for example, has 


been shown to raise intraesophageal temperatures to - 


potentially damaging levels. Conceivably, local injury 
to the mucosal cells disrupts intracellular junctions, 
thereby inducing increased shedding of cells and con- 
sequently more rapid proliferation of basal elements. 
Long-standing regenerative efforts might lead in time 
to neoplastic transformation. However, other studies 
point out that the diet in high-incidence areas of Iran is 
based on bread, tea, and sheep’s milk, whereas in low- 
incidence areas it consists mainly of rice and tea with a 
high intake of fruits and vegetables. No significant 
differences could be identified in consumption of tea or 
other hot foods;!? thus, the role of these irritant foods 
has been challenged but not ruled out. In the Transkei 
contamination of food by aflatoxins is suspected, and in 
North China silica fragments from coarse grains.** Con- 
ceivably, there are many influences that can injure the 
mucosa and set up esophagitis and mucosal dysplasia, 
but much is speculative at present. | 


MORPHOLOGY. Like squamous cell carcinomas arising 
in other locations, those of the esophagus begin as inap- 
parent in situ lesions. When they become overt, about 50% 
of these tumors are located in the middle third, 30% in the 
lower third, and 20% in the upper third of the esophagus. 
Early overt lesions are usually discovered accidentally and 
appear as small, gray-white, plaquelike thickenings or ele- 
vations of the mucosa. These extend with time along the 
long axis of the bowel and, in months to years, encircle the 
lumen. From this point, three morphologic patterns may 
evolve. The most common one (60%) is that of a polypoid 
fungating lesion that protrudes into the lumen. The 
second gross pattern (25%) is a necrotic cancerous 
ulceration that excavates deeply into surrounding struc- 
tures and may erode into the respiratory tree and the aorta, 
or permeate the mediastinum and pericardium (Fig. 18-6). 
The third morphologic variant is a diffuse infiltrative 
form that tends to spread within the wall of the esoph- 
agus, causing thickening, rigidity, and narrowing of the 
lumen with ulceration of the mucosa (Fig. 18-7). 

Histologically, about 60 to 70% are either poorly or well- 
differentiated squamous cell carcinomas; about 5 to 10% 
are adenocarcinomas that originate either from the esoph- 
ageal mucous glands or from changes previously referred 
to as Barrett esophagus (p. 801); and the remainder are 
undifferentiated tumors. Some of these undifferentiated neo- 
plasms are composed of large, pleomorphic anaplastic cells. 
A few are so-called ‘oat cell” carcinomas, composed of 
small uniform cells that have deeply chromatic nuclei. These 
oat cell lesions are probably derived from endocrine cells 
and so belong to the family of APUDomas capable of 
secreting a variety of amine and polypeptide hormones (p. 
842).?4 


805 


Esophagus 


Figure 18—6. Carcinoma of esophagus viewed from esophageal 
aspect, showing a large defect in central necrotic portion. Tumor 
has directly invaded trachea to produce an esophagotracheal fistula. 


All esophageal cancers tend to spread by direct conti- 
nuity, but they also metastasize. Upper-third lesions tend to 
spread to the cervical nodes, middle-third to the tracheo- 
bronchial nodes, and lower-third to gastric and celiac nodes. 


Oe? Re” ° 
Figure 18—7. Cancer in lower third of esophagus, far advanced with 
central ulceration and extension into periesophageal tissue. 
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Visceral metastases most often involve the liver and lungs; 
direct spread is to the larynx, trachea, thyroid glands, recur- 
rent laryngeal nerves, and pericardium. 

Carcinoma of the esophagus has been staged as fol- 
lows: 

Stage | Limited to esophagus; less than 5 cm in length. 

Stage || Limited to esophagus; greater than 5 cm in 
length, with resectable nodes. 

Stage Ill Lesion greater than 10 cm in length; exten- 
sion through esophagus into adjacent structures; inoperable 
nodes or inoperable lesion. 

Stage IV Lesion as in Stage III; evidence of perfora- 
tion, fistula, or distant metastases. 


CLINICAL COURSE. Esophageal carcinoma is insidi- 
ous in onset and produces dysphagia and obstruction 
gradually and late. Patients subconsciously adjust to 
their increasing difficulty in swallowing by progressively 
altering their diet from solid to liquid foods. Extreme 


weight loss and debilitation result from both the im- 
paired nutrition and the effects of the tumor itself. 
Hemorrhages and sepsis may accompany the ulcerative 
changes. Occasionally, the first alarming symptom is the 
aspiration of food that enters the respiratory tree 
through a cancerous tracheoesophageal fistula. It should 
be noted that such fistula formation is almost always 
caused by carcinoma of the esophagus. Bronchogenic 
carcinoma rarely invades the esophagus and hence rarely 
produces fistulous tracts. Metastasis occurs as a rela- 
tively late phenomenon. The insidious invasive growth 
of these neoplasms usually leads to large lesions by the 
time a diagnosis is established, making resection difficult 
if not impossible. Generally, resection is possible in less 
than half the cases. Even with standard methods of 
therapy, such as surgical resection or supervoltage ir- 
radiation, 70% of patients are dead within one year of 
the diagnosis, and the five-year survival rate is 5 to 
10%. 


NORMAL Acute gastritis Malignant 
PATHOLOGY Chronic gastritis—fundal and antral Carcinoma 


Congenital Anomalies 
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Pyloric stenosis 

Miscellaneous Lesions 

Inflammation 
Gastritis 
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Tumors of Stomach 
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NORMAL 


Certain normal features of the structure and func- 
tion of the stomach merit brief review because they are 
highly relevant to later discussions. 

The stomach is divided into the following anatomic 
regions: 

1. The cardia, which represents the region proxi- 
mate to the esophagogastric junction. The glands here 
are entirely mucin-secreting and contain no parietal 
(acid-secreting) cells or zymogenic chief (pepsin-secret- 
ing) cells. 

2. The fundus, which is the bulbous subdiaphrag- 
matic region of the stomach, is located to the left of the 
esophagus and cephalad to the entrance of the esophagus 
into the stomach. The glands within the mucosa of the 
fundus are similar to those in the body of the stomach. 

3. The body (corpus), which is the largest anatomic 
region interposed between the fundus and the more 
caudad antrum. The beginning of the antrum is demar- 
cated by a vertical line drawn through the incisura 
angularis of the lesser curvature of the stomach. The 
mucosa of the body and fundus of the stomach contains 
the gastric glands where the parietal and chief cells are 
found. 

4. The antrum, which extends from the body of 
the stomach to the pyloric sphincter. Sometimes the 
narrow 2.5-cm segment of the antrum lying just proximal 
to the pylorus is designated the prepyloric canal. The 


Hypertrophic gastritis 
Other forms of gastritis 
Acute gastric erosion and ulceration 


Endocrine cell tumors 
(argentaffinomas, carcinoids) 

Gastrointestinal lymphomas 

Sarcomas 

Metastatic carcinoma 


antral glands do not elaborate acid-peptic secretion but 
are the major site of gastrin formation. 

Histologically, distinctive gland patterns having 
specific secretory functions are found in the various 
anatomic regions—cardiac glands in the cardia, gastric 
(oxyntic) glands in the fundus and body of the stomach, 
and pyloric glands in the antrum. All these glands are 
more or less test tube-shaped and several of them 
empty into so-called gastric pits or foveolae. 

The entire mucosal surface as well as the linings of 
the gastric pits are composed of so-called surface cells 
that are tall, columnar, and mucin-secreting. They have 
basal nuclei and crowded small, relatively clear muci- 
gen-containing granules in the supranuclear regions. 
With appropriate fixation the mucigen granules can be 
stained with mucicarmine or the PAS reaction. Ultra- 
structurally, the surface mucous cells have short micro- 
villi and a thin coating of fine filamentous glycocalyx on 
their free surfaces. Deep within the gastric pits where 
the various glands empty into these pits the surface 
epithelial cells are somewhat modified into so-called 
neck cells. Mucigen granules are scant in these cells 
and restricted to only a thin layer immediately beneath 
the cell surface. These neck cells are thought to be the 
progenitors of both the surface epithelium and the cells 
of the gastric glands. Mitoses are extremely common in 
these neck cells since, as you recall, the entire gastric 
mucosal surface is totally replaced every two to six days. 

The cardiac glands in the gastric cardia are lined 
by cells indistinguishable from the neck cells of the 


gastric glands. Scattered individual argentaffin cells (de- 
scribed below) may be present among the mucous cells. 

The gastric (oxyntic) glands in the body and fundus 
of the stomach are composed in their upper regions of 
mucous neck cells, below which are chief cells that 
elaborate pepsinogen. Acid-secreting parietal cells, 
which also elaborate intrinsic factor, are scattered 
among the chief cells. The chief cells are rendered 
distinctive by their large, pale, zymogen granules, most 
prominent apically. The parietal cells are quickly rec- 
ognized in H and E preparations by their bright eosi- 
nophilia. Ultrastructurally they reveal numerous mito- 
chondria and prominent intracellular canaliculi into 
which the gastric acid is secreted. 

Pyloric glands, which are the major site of gastrin 
secretion, are found within the antral region of the 
stomach. They are made up largely of cells resembling 
those of the neck regions of the gastric glands. They 
may contain granules similar to those found in the chief 
cells or the surface epithelium. Numerous endocrine 
cells producing gastrin are also present. 

Endocrine cells are dispersed widely throughout 
the glands of the various regions of the stomach. Indeed, 
they are dispersed throughout the entire gut and, in 
terms of their aggregate number, make the gut the 
largest endocrine organ in the body. These endocrine 
cells can be recognized in tissue sections by a variety of 
histochemical procedures. Some are capable of reducing 
soluble silver salts and depositing metallic silver; these 
are referred to as argentaffin cells. Since they also give 
a positive chromaffin reaction, they are also called 
enterochromaffin cells. Other endocrine cells lack strong 
reducing properties but are able to take up prereduced 
silver; these are referred to as argyrophil cells. Still 
others do not bind silver salts. Ultrastructurally, all 
endocrine cells in the gut, like those in other endocrine 
glands, contain distinctive secretory granules. The spe- 
cific size and shape of the granules permit segregation 
of these cells into subsets that to an extent correlate 
with the synthesis of particular gut hormones.” We 
need not delve into the details of the various subsets 
since it suffices for our purposes that collectively the 
endocrine cells in the stomach produce a variety of 
amine and peptide hormones, the best characterized of 
which are serotonin (5-hydroxytryptamine), gastrin, so- 
matostatin, substance P, vasoactive intestinal peptide, 
bombesin, and possibly glucagon. Details on the func- 
tion of these various hormones are available in the 
review of Bloom and Polak.” All the gut endocrine cells 
belong to the larger category of APUD cells (p. 842) (an 
acronym for amine precursor uptake and decarboxyla- 
tion). These characteristics confer the ability to synthe- 
size the amine and peptide hormones just mentioned. ”’ 
- Neoplasms and hyperplasias of the endocrine cells pro- 
duce clinically important endocrinopathies, discussed 
later in this chapter. 

The process of gastric acid secretion is relevant to 
the later consideration of peptic ulcer disease. The 
capacity to secrete hydrochloric acid is directly propor- 
tional to the total number of parietal cells in the glands 
of the body and fundus of the stomach, i.e., the parietal 
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cell mass. The most important physiologic stimulus to 
these cells is food in the stomach, but its effect is 
mediated by humoral and neural mechanisms. The 
secretory process is best considered by dividing it into 
its three traditional phases—cephalic, gastric, and in- 
testinal. The cephalic phase is initiated by the sight, 
taste, smell, chewing, and swallowing of palatable food. 
This phase is largely mediated by direct vagal stimula- 
tion of parietal cells but may also involve vagal stimu- 
lation of gastrin release. In animals, the cephalic phase 
of acid secretion can also be initiated by agents that 
induce glucopenia in the brain either by decreasing the 
supply of glucose or interfering with its utilization; this 
process has not been clearly established in humans, 
however. The gastric phase involves stimulation of 
mechanical and chemical receptors in the gastric wall. 
Mechanical stimulation occurs with gastric distention 
and appears to be mediated by vagal impulses. The 
chemical stimuli, the most important of which are 
digested proteins and amino acids, induce the release 
of gastrin, the most potent mediator of acid secretion. 
Fat and glucose in the stomach do not stimulate gastric 
acid secretion. Gastrin, as you know, is synthesized ‘by 
so-called G cells within the pyloric antrum. A small 
amount of gastrin may also be elaborated in the proximal 
duodenum. Gastrin is, in fact, a family of polypeptides 
that vary chiefly in amino-acid-chain length. The two 
most important forms of this hormone are so-called 
“little gastrin,” having 17 amino acids (G-17), and “big 
gastrin, having 34 amino acids (G-34). Other smaller 
and larger gastrins have also been identified. G-34 has 
the longest half-life in the circulation and so is the major 
form present in the blood. However, G-17, having a 
much shorter circulating half-life, is the most potent 
stimulus to gastric acid secretion. These details make it 
clear why assay of the gastrin level in the blood may 
not accurately reflect the acid secretory drive unless 
radioimmunoassay is employed using antibodies specific 
for the G-17 form of gastrin, which do not cross-react 
with smaller and larger peptides. The intestinal phase 
is initiated when food containing digested proteins en- 
ters the proximal small intestine. The stimulation of 
acid secretion that occurs at this time is thought to be 
related to the elaboration in the small intestine of 
polypeptide quite distinct from gastrin. 

Although histamine, when administered, is a potent 
acid secretagogue, the role of endogenous histamine 
elaborated mainly by mast cells in the gastric wall 
(possibly also by: endocrine cells) is still somewhat 
uncertain. However, the irrefutable evidence that an- 
tagonists to histamine H, receptors, such as cimetidine, 
inhibit acid secretion argues strongly that histamine 
plays an important role in the secretory process. Ci- 
metidine inhibits basal acid secretion as well as the 
secretory response to feeding, gastrin, histamine, and 
vagal stimulation. It must be concluded that in some 
way histamine acts along with gastrin and vagal activity 
to stimulate parietal cells. Possibly it plays a “permis- 
sive” role, serving as the final mediator of gastrin and 
vagal action. | 

How does the normal stomach resist the corrosive 
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effects of the acid-peptic-gastric secretion? At maximal 
secretory rates the intraluminal concentration of hydro- 
gen ion in the stomach is three million times greater 
than that of the blood and tissues. Most important is 
the so-called “gastric mucosal barrier.” Normally, the 
mucosal luminal epithelial cells are bound to each other 
by intercellular tight junctions, and so the intact surface 
epithelial layer provides a barrier to backdiffusion of 
hydrogen ions. Adding to this barrier is secretion of 
acid buffer by the surface cells, since there is a pH 
gradient across the layer of mucous secretion attached 
to the surface cells. Any impairment of this mucosal 
barrier permits penetration of hydrogen ions into the 
mucosa, which ironically stimulates further secretion of 
gastric acid and pepsinogen. Thus, while acid is diffusing 
into the mucosa, the luminal hydrogen ion concentration 
is simultaneously rising. A number of agents have been 
shown to damage the mucosal barrier, including alcohol, 
cigarettes, bile acids, lysolecithin, and particularly as- 
pirin. All disrupt the continuity of the epithelial surface 
and so induce increased shedding of surface cells, to 
contribute possibly to the development of gastric mu- 
cosal erosions or ulcers. A variety of other influences, 
all imperfectly understood, conduce to the protection 
of the gastric mucosa, at least in animals.** Adequate 
mucosal blood flow, normal levels of carbonic anhydrase 
in mucosal cells (which participates in the formation of 
bicarbonate and so protects cells to an extent against 
excessive drops in pH), and prostaglandins all serve to 
defend the mucosa against the erosive action of acid- 
peptic secretion.” Gastric mucin must play some role 
in protection of the mucosa; therapeutic agents that 
stimulate mucus output have been shown to favor the 
healing of peptic ulcers and protect against recur- 
rences.*’ Dilution and neutralization of gastric acid by 
protein foods and refluxed bicarbonate from the duo- 
denum also make some contribution. Imperfect as our 
understanding of the defensive mechanism(s) may be, 
it is obviously a physiologic marvel, or our gastric walls 
would suffer the same fate as a piece of swallowed meat. 


PATHOLOGY 


The stomach is an important segment of the ali- 
mentary tract from the standpoint of its diseases. Peptic 
ulcers have become almost a hallmark of so-called 
“civilized life’ and are found in up to 10% of the general 
population in North America. In this day of cigarette 
smoking, alcohol consumption, and stress, gastritis is 
one of the everyday causes of “indigestion.” Gastric 
carcinoma remains an important cause of cancer death 
in the United States although its incidence has de- 
creased, for reasons discussed later. 


CONGENITAL ANOMALIES 
DIAPHRAGMATIC HERNIAS 


Weakness or partial-to-total absence of a region of 
the diaphragm, usually on the left, may permit the 


Figure 18-8. In situ view of opened trunk of an infant with a 
diaphragmatic hernia. Numerous loops of small bowel and portions 
of the colon are evident in the left pleural cavity. The markedly 
displaced lung can be seen at the very apex of the cavity. 


abdominal contents to herniate into the thorax. These 
hernias differ from hiatal hernias only insofar as the 
defect in the diaphragm does not involve the hiatal 
orifice. The hernial wall in these lesions is most often 
composed only of peritoneum and pleura. Usually, the 
stomach or a portion of it insinuates into the pouch, but 
occasionally small bowel and even a portion of the liver 
accompany it (Fig. 18-8). 

Sometimes these hernias are asymptomatic and are 
discovered only by x-ray or by the identification of 
intestinal sounds within the chest. However, large pro- 
trusions, particularly in infants, may lead to respiratory 
embarrassment or vomiting. 


PYLORIC STENOSIS 


Narrowing of the pyloric lumen may be encoun- 
tered in infants as a congenital defect or in adults as an 
acquired disease secondary to inflammatory fibrosis or 
tumorous invasion. Rarely, in adults, the condition 
represents a previously unrecognized congenital defect. 

Congenital hypertrophic pyloric stenosis is an ap- 
parently familial malformation characterized by hyper- 
trophy and hyperplasia of the circular muscle of the 
muscularis propria of the pylorus. The narrowing may 
lead to edema or inflammatory changes within the 
mucosa and submucosa, which aggravate the narrowing. 
It is reported to occur in from one in 300 to one in 900 


live births. The disease is much more common in males 
than in females, in a ratio of 4:1. The genetic mode of 
transmission is not firmly established but appears to be 
multifactorial inheritance. Monozygotic twins have a 
high rate of concordance for the condition. 

Infants with hypertrophic pyloric stenosis are ap- 
parently well during the first week of life. Regurgitation 
of food and vomiting usually do not appear until the 
second or, more often, the third week. Often it is 
possible to see visible peristaltic contractions on exam- 
ination of the abdomen, and almost invariably a firm 
ovoid mass is readily palpable. The mass is composed 
of hypertrophied pyloric musculature, sometimes ac- 
companied by mucosal edema. A muscle-splitting inci- 
sion down to the mucosa usually results in a prompt 
and effective cure and, with it, the slow disappearance 
of the hypertrophic muscle. 

Acquired pyloric stenosis is one of the long-term 
risks of patients with antral gastritis or peptic ulcers 
close to the pylorus. Carcinomas of the pylorus or head 
of the pancreas or lymphomas are more ominous causes 
of acquired disease. Whatever the cause, resection of 
the involved segment of bowel or some form of bypass 
procedure may be necessary as a curative or palliative 
measure. 


MISCELLANEOUS LESIONS 


Gastric diverticula are rare and generally inconse- 
quential lesions. They tend to occur in two locations: 
(1) in the cardia, unassociated with contiguous disease; 
and (2) in the antrum, often associated with a healing 
ulcer or periantral inflammation. The diverticular wall 
may or may not have a muscularis component, and 
sometimes it is composed only of mucosa and submucosa 
invested by either serosa or perigastric fibrosis. 

Gastric dilatation may arise because of organic or 
functional obstruction of the pylorus. The organic bases 
were alluded to in the discussion of pyloric stenosis. 
The functional basis appears to be atony of the stomach 
and intestines (paralytic ileus), which may appear in 
patients with generalized peritonitis. The stomach may 
contain as much as 10 to 15 liters of fluid. Not only is 
it enormously expanded, but the wall is markedly 
thinned, even to the point of translucency. The disten- 
tion may be serious, since it causes elevation of the 
diaphragms and adds an element of respiratory embar- 
rassment in patients already seriously ill. 

Gastric rupture is a rare but devastating event. It 
may follow blunt trauma to the abdomen; has rarely 
followed consumption of enormous quantities of beer 
(medical students please take note), with apparent re- 
lease of sufficient carbon dioxide to bring the beer- 
drinking spree to an unhappy end; and may complicate 
cardiac resuscitation with mouth-to-mouth breathing 
and inflation of the stomach when external cardiac 
massage is applied. Gastric rupture has also been asso- 
ciated with the strain of labor. Whatever the basis, it is 
a calamitous event followed rapidly by shock or death, 
unless immediately recognized and treated surgically. 


809 


Stomach 


INFLAMMATION 
GASTRITIS 


Although gastritis is an unquestioned clinical and 
anatomic disorder, it is a much abused medical term. It 
is commonly used to explain such transient or seemingly 
trivial complaints as “sour stomach,’ “dyspepsia,” and 
“indigestion” without substantiating clinical or anatomic 
evidence. On the other hand, gastritis may be present 
anatomically without inducing clinical symptoms. Thus, 
gastritis is both an overused term and an underdi- 
agnosed clinical condition. 

There is no general agreement on a classification of 
the various forms of gastritis. Basically there are two 
categories—acute and chronic. However, within each of 
these a range of subvarieties has been established. 
Depending on the amount of desquamation or destruc- 
tion of the gastric mucosa, acute involvements have 
been subdivided into acute gastritis, acute hemorrhagic 
gastritis, acute erosive gastritis, and acute stress ero- 
sions (stress ulcers). These terms encompass an ana- 
tomic continuum with no well-defined delineations be- 
tween one pattern and the next. Accordingly, here we 
shall retreat to the simple designation acute gastritis 
and describe the range of changes encountered up to 
acute stress ulcers, which are discussed in a later section 
(p. 813). 

Chronic gastritis has also been subdivided into a 
number of variants, the most important being fundal 
gastritis and antral gastritis.*! Justification for this sub- 
division derives both from direct visual gastroscopic 
findings and from apparent differences in the clinical 
associations of these two variants, as detailed later. Both 
forms have been further subdivided somewhat arbitrar- 
ily into chronic superficial gastritis, atrophic gastritis, 
and gastric atrophy. There are no clear-cut morphologic 
lines of delineation between these variants of chronic 
gastritis and so they can all be considered together. 

There are, in addition, several uncommon forms of 
gastritis that merit only brief mention later: hyper- 
trophic gastritis, granulomatous gastritis, and eosino- 
philic gastritis. 


Acute Gastritis 


Acute gastritis, as the term implies, is an acute 
mucosal inflammatory process, usually of transient na- 
ture. The inflammation may be accompanied by hem- 
orrhage into the mucosa, and, in more severe instances, 
by concomitant erosions to produce what has been called 
acute erosive or acute hemorrhagic erosive gastritis. The 
severe erosive form of the disease is an important cause 
of acute gastrointestinal bleeding, which may be massive 
and alarming. 

PATHOGENESIS. The pathogenesis of these lesions 
is poorly understood. Clinical (and some experimental) 
data indicate that acute gastritis frequently is associated 
with (1) chronic use of aspirin; (2) excessive alcohol 
consumption; (3) heavy smoking; (4) treatment with 
cancer chemotherapeutic drugs; (5) uremia; (6) systemic 
infections (e.g., salmonellosis); (7) staphylococcal food 
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poisoning; (8) severe stress, such as extensive burns, 
trauma, and surgery; (9) shock; and (10) gastric irradia- 
tion or freezing. One or more of the following influences 
are thought to be operative in these varied settings: 
increased acid secretion with backdiffusion; decreased 
production of bicarbonate buffer; reduced blood flow, 
which permits acid ions to accumulate; and damage to 
the barrier itself. Reference has been made earlier to 
the important role of the intact mucosa (p. 808) in 
preventing backdiffusion of hydrogen ion. It was pointed 
out that aspirin breaks this mucosal barrier and causes 
increased turnover of surface mucosal cells. A significant 
number of patients with rheumatoid arthritis who take 
aspirin regularly have at least minor degrees of occult 
gastric bleeding. Is this related solely to the aspirin or 
could the arthritic disease contribute in some obscure 
manner? Unfortunately, there are no data on the com- 
parable use of aspirin in the absence of arthritis or other 
diseases (presumably some underlying condition must 
be present to call for the chronic use of this agent). 
Alcohol also damages the mucosal barrier. Could it be 
a contributor in habitual users of aspirin? Increased 
backdiffusion has also been demonstrated in critically ill 
patients and in animals subjected to hemorrhagic shock, 
so stress alone may play some role. 

Mucosal hypoperfusion is the other major contrib- 
utory mechanism leading to mucosal injury. Diminished 
blood flow to the mucosa would reasonably be expected 
in any form of shock and might also occur from the 
vasoconstrictive effects of nicotine with heavy smoking. 
The acute gastritis following gastric irradiation or freez- 
ing might also, at least in part, be mediated by mucosal 
hypoperfusion. Concomitantly, the mucosal ischemia 
would impair the barrier function of the mucosa. Thus, 
ischemic injury would synergize the deleterious effects 
of backdiffusion of hydrogen ions. Other mucosal insults 
have been identified in experimental animals, such as 
regurgitation of bile acids and lysolecithin, and inade- 
quate mucosal synthesis of prostaglandins, but what role 
these play in the acute gastritis of humans is unknown.”8 
Although the gastric mucosa is capable of regeneration 
following an acute injury, persistence of any of the 
deleterious influences cited could well lead to the 
morphologic changes described below. 
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MORPHOLOGY. Depending on the severity of the insult, 
the mucosal response may vary from only moderate edema 
and slight hyperemia to hemorrhagic erosion of the gastric 
mucosa. In the milder forms, the surface epithelium may be 
intact and the lamina propria may contain only occasional 
scattered leukocytes. In the extreme pattern, best referred 
to as acute hemorrhagic erosive gastritis, there is super- 
ficial sloughing of the mucosa, accompanied by hemorrhage 
into the lamina propria and an acute inflammatory leukocytic 
infiltrate. Large areas of the gastric mucosa may be denuded, 
but the involvement, as stated, is superficial and rarely 
affects the entire depth of the mucosa, sparing the underlying 
wall. Such gastric erosions are but one step removed from 
the more deeply penetrating ‘stress ulcers” described later. 


CLINICAL COURSE. The wide range of morphologic 
changes embraced by the term “acute gastritis” is par- 


alleled by the range of clinical manifestations. Undoubt- 
edly, minor involvements occur that produce no symp- 
toms. At the other end of the spectrum are the cases 
with massive hematemesis and acute abdominal pain. 
In between are those cases manifested by epigastric 
pain, nausea, and vomiting. In some instances, the first 
indication of gastritis is the sudden onset of hematemesis 
or melena. In Great Britain, 25% of all cases of hema- 
temesis and melena arise in severe gastritis related to 
the widespread use of aspirin.* 


Chronic Gastritis—Fundal and Antral 


The unqualified term chronic gastritis encompasses 
a range of lesions extending from superficial gastritis to 
atrophic gastritis to gastric atrophy. These forms are 
poorly delineated from each other since they make up 
a morphologic continuum of increasingly intense inflam- 
matory infiltration of the mucosa accompanied by pro- 
gressively more marked atrophy of the mucosal glands. 
The glandular atrophy is often accompanied by meta- 
plasia, dysplasia, and atypia of the surface epithelium. 
These changes underlie the major clinical consequences 
of chronic gastritis: (1) the possible loss of parietal cells 
and their synthesis of intrinsic factor (IF), resulting in 
inadequate absorption of vitamin B,, and pernicious 
anemia (PA); (2) an increased predisposition to gastric 
carcinoma; and (3) its possible contribution to peptic 
ulceration (p. 817). 

Chronic gastritis may involve the entire stomach or 
be patchily distributed without regard for anatomic 
regions. Often, however, only the fundus and body or 
only the antrum is affected, giving rise to the subsets of 
chronic fundal gastritis and chronic antral gastritis. 
There are reasons, detailed below, for suspecting that 
fundal and antral gastritis represent more than mor- 
phologic variations of a single disease, since they may 
have different origins as well as differing clinical signif- 
icances. 

PATHOGENESIS. With regard to the origins of 
chronic gastritis in general, only this much can be said 
with any degree of assurance—there is no evidence that 
aspirin, alcohol and smoking are etiologic factors, and it 
is not preceded by acute gastritis. On the other hand, 
long-term observation of patients with chronic superfi- 
cial gastritis has disclosed that in some the mucosal 
lesion improves with time, whereas in a significant 
number it progresses into the atrophic forms.* Thus, it 
would seem that superficial gastritis is the initial stage 
of the more severe patterns of mucosal involvement. 

Fundal gastritis is encountered in two distinct 
population subsets: (1) in adults of any age having PA 
and (2) in an older age group not having PA. In the first 
group with PA, the fundal gastritis appears to be au- 
toimmune in origin. Typically, these patients have se- 
vere mucosal damage, i.e., chronic atrophic gastritis or 
gastric atrophy with complete or near-complete loss of 
parietal cells and consequent severe hypochlorhydria or 
achlorhydria. Three distinctive autoantibodies against 
gastric parietal cell antigens are present in these indi- 


viduals,** as discussed on page 633. Two are targeted 
on IF, which, as you recall, is elaborated in humans by 
parietal cells. It suffices to note here that they block 
the absorption of vitamin B,, and so lead to PA, as noted 
on page 418. Whenever either antibody is identified in 
the circulation, it may be inferred that the patient has 
PA or is at risk of developing it. The third autoantibody 
is directed against gastric parietal cells (GPC). GPC 
antibodies are present in 80 to 90% of patients with PA, 
but can also be identified in about 60% of elderly 
individuals with atrophic gastritis but no apparent PA. 
There is still some uncertainty whether GPC antibodies 
are cytotoxic in man® and are responsible for the loss 
of parietal cells seen in the atrophic gastritis of PA. For 
this reason, the possibility has been raised of a role for 
cell-mediated immunity in the production of the mu- 
cosal changes, perhaps in concert with the antibodies. 
Whatever the mechanism, patients with PA usually have 
titers of IF and GPC antibodies, and virtually always 
have severe atrophic gastritis or gastric atrophy involv- 
ing the fundus and body of the stomach with marked or 
total destruction of parietal cells. According to this 
conception, the atrophic gastritis of classic PA in adults 
is an autoimmune disease with immunologic destruction 
of parietal cells. Several observations are relevant to 
this autoimmune thesis. About 30% of first-degree rel- 
atives of patients with PA have detectable GPC anti- 
bodies in their sera, suggesting genetic predisposition. 
In addition, there is a well-documented association 
between PA and other autoimmune diseases, such as 
Hashimoto's thyroiditis, thyrotoxicosis, idiopathic hy- 
poadrenalism, idiopathic hypoparathyroidism, and in- 
sulin-dependent diabetes mellitus. A lingering doubt 
must be expressed—could the immune reactions be 
epiphenomena related to mucosal damage of other 
origins? 

Chronic fundal gastritis may also appear in an 
older age group not having PA. About 60% of these 
individuals have antibodies to GPC but not to IF. Some 
have an iron deficiency anemia, but the association may 
be merely coincidental. Other instances of chronic fun- 
dal gastritis are seen in relatives of patients with PA but 
in the complete absence of autoantibodies. Thus, the 
basis for chronic fundal gastritis in these older individ- 
uals is completely unknown. 

Chronic antral gastritis appears to have totally 
different origins from those of fundal gastritis. In a 
minority of instances, autoantibodies to gastrin-produc- 
ing cells are present.** More often there are no auto- 
antibodies, but instead the patients have concurrent 
gastric peptic ulcers or, less frequently, gastric carci- 
nomas. Sometimes, duodenitis is present. The associa- 
tion of gastric ulcers with antral gastritis raises the 
possibility that dysfunction of the pyloric sphincter and 
regurgitation of bile acids and possibly lysolecithin may 
play a causal role for both, as discussed on page 816. 


MORPHOLOGY. The morphologic changes in chronic 
gastritis may affect most of the stomach or only patchy 
areas, or may be limited to the fundus and body (fundal 
gastritis) or to the antrum (antral gastritis). Whatever the 
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distribution, in the chronic superficial variant there may 
be some flattening of the mucosa but it is generally not 
marked. An inflammatory infiltrate of lymphocytes and 
plasma cells is typically present within the lamina propria, 
usually limited to the upper third of the gastric mucosa (Fig. 
18-9). In chronic atrophic gastritis, whether fundal, antral, 
or more dispersed, the mucosa is more obviously thinned 
and flattened with extension of the infiltrate in the lamina 
propria to the deeper layers about the glands. It may appear 
reddened as the submucosal vessels become more appar- 
ent. There is often atrophy of the glands and a variety of 
cytologic changes in the surface epithelial cells, as described 
below. In chronic fundal gastritis the gastric glands are 
atrophic; those that persist often undergo cystic dilatation 
and are lined by gastric mucous cells or metaplastic intestinal 
cells. There is a conspicuous paucity of parietal cells. The 
antral mucosa is relatively spared in pure forms of chronic 
fundal gastritis. Conversely, in chronic atrophic antral gas- 
tritis the inflammatory and glandular changes. are largely 
limited to the antrum but, save for location, resemble those 
already described in fundal gastritis. 

The morphologic alterations of chronic gastric atrophy 
are an extension of the atrophic changes encountered in 
atrophic gastritis. Rugal folds are flattened or absent and 
the mucosa takes on a shiny, glazed appearance. The 
glandular atrophy is now almost complete save for scattered, 
shortened, sometimes cystically dilated glands. The surface 
epithelium, as well as that lining the gastric pits, takes the 
form of mucous-secreting goblet cells interspersed with cells 
characteristic of intestinal epithelium bearing microvilli. Oc- 
casionally, abortive, villous-like projections may appear. In 
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Figure 18-9. Chronic superficial gastritis with an intense inflam- 
matory infiltrate and some disorganization of glands involving upper 
one-third of gastric mucosa. 
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the fundal variant associated with PA, parietal cells are 
almost totally absent from such atrophic glands as 
persist. In contrast, in the antral pattern the parietal cells in 
the body and fundus of the stomach persist. Whatever the 
distribution of the mucosal involvement, the surface 
epithelium undergoes a variety of metaplastic and dys- 
plastic alterations including variation in size, shape, and 
orientation of the epithelial cells, often accompanied by 
nuclear enlargement and atypicality. The interpretation of 
these cellular alterations is unclear and may merely reflect 
the persistence of damaging influences responsible for the 
development of the gastric mucosal atrophy. The cellular 
atypia tends to be most marked in chronic fundal gastric 
atrophy associated with PA. In this setting, it is tempting to 
speculate that the deficient absorption of vitamin B,, impairs 
DNA synthesis and so inhibits cell replication with the 
formation of abnormally large atypical cells, as discussed on 
page 630. Whatever their origin, the cytologic changes may 
become so severe as to mimic in situ carcinoma; indeed, 
they probably account for the increased incidence of gastric 
cancer in atrophic forms of gastritis, particularly in associa- 
tion with PA. 


THE GASTROINTESTINAL TRACT 


CLINICAL Course. Chronic gastritis may cause no 
symptoms referable to the gastrointestinal tract. How- 
ever, it is vulnerable to superimposed acute gastritis 
and then is associated with epigastric discomfort, pain, 
nausea, vomiting, and sometimes bleeding. Most often 
the atrophic variants of fundal gastritis come to attention 
because the patient is discovered to have PA or in the 
course of investigating the cause of hypochlorhydria in 
an individual. The severity of the acid deficiency de- 
pends on the severity of the gastric atrophy. With 
atrophic fundal gastritis there is usually hypochlorhy- 
dria, whereas fundal gastric atrophy is likely to produce 
achlorhydria. However, serum gastrin levels are high 
because the uninvolved antrum is not subject to the 
inhibitory control of gastric acid. As indicated previ- 
ously, autoantibodies to IF or parietal cells may be 
present. 

In chronic antral gastritis, even when marked, acid 
secretion may be normal or low, depending on the 
extent of loss of gastrin production. Antibodies to gas- 
trin-secreting cells can be demonstrated in some in- 
stances. Particularly important is the relationship of this 
form of gastritis to gastric peptic ulcer. Most patients 
with a gastric peptic ulcer have antral gastritis, but the 
reverse is not true. When the two conditions coexist it 
is not certain which comes first, but since healing of the 
ulcer may occur with persistence of the antral gastritis, 
it is believed that the gastritis is primary and plays a 
role in the development of the ulcer (p. 817). Note that 
both atrophic gastritis and gastric atrophy constitute 
precancerous lesions. The risk is seen with both fundal 
and antral patterns, but is greatest with the fundal 
gastritis associated with PA. Over the span of decades, 
about 7 to 10% of individuals with PA develop a gastric 
carcinoma.” Although hematologic improvement of the 
anemia can be achieved by vitamin B,, therapy, the 
gastric atrophy persists and, with it, the predisposition 
to cancer * 


Hypertrophic Gastritis 


This designation encompasses a group of uncom- 
mon conditions, all characterized by giant cerebriform 
enlargement of the rugal folds of the gastric mucosa 
(Fig. 18-10). The term hypertrophic gastritis, although 
firmly fixed in medical practice, is a misnomer since the 
rugal enlargement is caused by neither inflammatory 
gastritis nor hypertrophy, but by hyperplasia of the 
mucosal epithelial cells. Three variants are recognized: 
(1) Ménétrier’s disease related to hyperplasia of the 
surface mucous cells, (2) hypersecretory gastropathy 
associated with hyperplasia of the parietal and chief 
cells within the gastric glands, and (3) gastric gland 
hyperplasia secondary to the excessive gastrin-secretion 
of a gastrinoma in the Zollinger-Ellison syndrome (p. 
987). The first two may be variations of a single entity 
differing only in the amount of parietal and chief cell 
hyperplasia and, therefore, in the levels of gastric acid 
secretion. All three conditions are uncommon but are 
of clinical importance because on x-ray examination or 
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Figure 18-10. Hypertrophic gastritis of stomach, sparing antral 
region below. Marked thickening of rugal folds simulates diffuse 
neoplastic infiltration. 


endoscopy they mimic infiltrative cancer or lymphoma 
of the stomach. They may also be associated with 
significant clinical morbidity. 

Ménétrier’s disease, most often encountered in men 
in their fourth to sixth decades, is of unknown cause. 
As was pointed out, the exaggerated rugal folds are 
produced by hyperplasia of the surface mucous cells, 
which often produces enlargement and tortuosity as well 
as cystic dilatation of the gastric pits. Sometimes the 
cysts become sufficiently large to penetrate into the 
gastric submucosa. This involvement may be diffuse or 
affect principally the greater curvature of the stomach. 
Although the condition may be asymptomatic and be 
discovered only on radiography, it often produces epi- 
gastric pain, nausea, vomiting, and sometimes bleeding 
related to superficial rugal erosions. As would be ex- 
pected, the gastric secretions contain excessive mucus 
and in many instances little or no hydrochloric acid 
when the parietal cells undergo atrophy. In some pa- 
tients, there is excessive protein loss in the gastric 
secretion sufficient to produce hypoalbuminemia and 
peripheral edema, thus constituting a form of protein- 
losing gastroenteropathy. Infrequently the mucosal hy- 
perplasia becomes metaplastic to provide a soil for the 
development of gastric carcinoma. 

Hypersecretory gastropathy may well be a variant 
of Ménétrier’s disease that differs only in the amount of 
parietal and chief cell hyperplasia, thereby producing 
high-normal or excessive levels of gastric acid. Most 
patients with this condition have a duodenal ulcer and, 
therefore, ulcer symptoms. Protein loss may occur but 
is less characteristic of this variant than of Ménétrier's 
disease. 

Rugal hyperplasia associated with gastrinoma is 
only one feature of the Zollinger-Ellison syndrome, and 
so is discussed on page 987. 


Other Forms of Gastritis 


A granulomatous gastritis may occur in patients 
with sarcoidosis and regional enteritis, but more often 
appears as an isolated disorder. This last pattern of 
involvement is uncommon. The distinction between 
these three variants depends on the demonstration of 
extragastric diseases in the first two, leaving the third 
variant by exclusion. Moreover, isolated granulomatous 
gastritis tends to occur in persons 40 years of age or 
older, whereas the other two variants generally are 
found in younger individuals. 

Another rare variant is eosinophilic gastritis. Here 
there is prominent infiltration of the mucosa and some- 
times of the deeper layers of the stomach wall by 
eosinophils. This distinctive infiltrate may be accom- 
panied by granuloma formation (allergic granulomatosis) 
and occasionally by acute vasculitis of the small arteries 
within the stomach wall (reminiscent of the changes in 
the allergic granulomatosis of Churg and Strauss, p. 
522). This uncommon constellation of morphologic 
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changes is generally thought to reflect some type of 
hypersensitivity reaction that may also involve other 
organs and tissues in the body.* Occasionally these 
patients have other forms of allergic disease such as 
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asthma. 


ACUTE GASTRIC EROSION AND ULCERATION 


Focal, acutely developing gastric mucosal defects 
may appear following severe stress, whatever its na- 
ture—hence, the often used designation stress ulcers. 
Whether other agents such as aspirin, ethanol, smoking, 
corticosteroids, indomethacin, and phenylbutazone are 
also implicated is controversial. Generally, there are 
multiple lesions located mainly in the stomach, but 
occasionally also involving the duodenum. They range 
in depth from mere shedding of the superficial epithe- 
lium to deeper lesions that penetrate into or through 
the mucosa but rarely deeper. The shallow erosions are 
then, in essence, an extension of acute erosive gastritis 
(p. 810). The deeper lesions comprise well-defined 
ulcerations, but are not precursors of chronic peptic 
ulcers and have a totally different pathobiology. 

Stress erosions and ulcers are most commonly 
encountered in patients with shock, extensive burns, 
sepsis, severe trauma; in any intracranial condition that 
raises intracranial pressure, e.g., trauma, brain tumors; 
and following intracranial surgery. The mucosal lesions 
associated with intracranial problems are referred to as 
Cushing's ulcers, while those seen with burns are known 
as Curling’s ulcers. The genesis of the acute mucosal 
defects in these varied clinical settings is poorly under- 
stood. Acid-peptic secretions are requisite for their 
appearance, but hypersecretion of gastric acid is clearly 
documented only with Cushing's ulcers. Here, direct 
stimulation of vagal nuclei by increased intracranial 
pressure is proposed, and indeed the acid hypersecre- 
tion can be blocked by parenteral administration of 
anticholinergic drugs. 

In contrast, low-to-normal levels of gastric acid are 
present in the other clinical settings associated with 
stress lesions. Mucosal hvpoxia, related either to neu- 
rogenic or catecholamine-induced vasoconstriction, is 
perhaps the leading pathogenetic hypothesis for such 
lesions. The ischemic hypoxia may: (1) damage the 
mucosal barrier and permit backdiffusion of hydrogen 
ions, rendering the mucosa more vulnerable to acid- 
peptic attack; or (2) directly injure mucosal cells by 
oxygen or metabolic deprivation.*” Systemic acidosis, a 
common finding in shock states, may also contribute to 
erosive lesions in the stomach, presumably by lowering 
the intracellular pH levels of mucosal cells already 
rendered hypoxic by stress-induced vasoconstriction. 
Whatever the mechanism may be, there is substantial 
evidence that it is mediated, at least in part, by blood- 
borne influences. In an ingenious experiment, one of a 
pair of parabiotic rats was stressed by being immobilized 
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to a small skateboard. The other parabiont was free to 
move at will, towing its restrained, but “free-wheeling, © 
partner. When the immobilized rat developed stress 
lesions, so did the other.*! 

A number of exogenous agents such as alcohol, 
smoking, caffeine, and certain drugs—aspirin, cortico- 
steroids, indomethacin, and  phenylbutazone—are 
widely thought to be ulcerogenic and might potentiate 
the appearance of stress ulcers. Best documented is the 
damaging effect on the mucosa of unbuffered aspirin, as 
pointed out on page 808, but what role it plays in the 
induction of acute stress ulcers is uncertain.** Chronic 
ethanol consumption and smoking may induce gastric 
hypersecretion and injure the mucosal barrier, but it is 
not certain that they produce mucosal defects. Similarly, 
corticosteroids and indomethacin have been associated 
with gastric complaints and even evidence of gastric 
bleeding, and although they may potentiate stress ul- 
ceration, their pathogenetic role is far from clear. In the 
last analysis, the pathogenesis of acute gastric stress 
lesions in man is unknown. Very likely they are multi- 
factorial in origin; one influence may suffice in some 
cases, whereas in others several may be required. 


THE GASTROINTESTINAL TRACT 


MORPHOLOGY. The morphologic differentiation be- 
tween an acute erosion and an acute stress ulcer is poorly 
defined. The term erosion is applied to those lesions confined 
to the upper levels of the gastric or duodenal mucosa. When 
they penetrate the full mucosal depth or muscularis mu- 
cosae, they are called acute gastric or stress ulcers. They 
may occur singly or, more often, multiply throughout the 
stomach and rarely in the duodenum. Typically they are 
found anywhere in the stomach and do not have the predi- 
legtion for the antral region and lesser curvature exhibited 
by chronic peptic ulcers. Circular and small, they are usually 
less than 1 cm in diameter. The ulcer base is frequently 
stained a dark brown by the acid digestion of the accom- 
panying bleeding (Fig. 18-11). The margins, which rarely 
show significant hyperemic reaction, are poorly defined 
because the ulcer is superficial in nature. The rugal pattern 
is not affected, and the margins and base of the ulcer are 
not indurated. 

Depending on the duration of the ulceration, there may 
be some inflammatory infiltration in the margins and base. 
Red blood cells and fibrin often coat the base. There is 
usually conspicuous absence of underlying scarring or thick- 
ening of blood vessel walls such as is seen in the more 
chronic forms. Healing with complete reepithelialization oc- 
curs after the causative factors are removed. This regrowth 
of epithelium may be quite active and demonstrate many 
mitotic figures. The time required for complete healing varies 
from days to several weeks. 


Acute gastric erosions and ulcerations are common 
in severely stressed patients. Over half of all those with 
extensive burns or major injuries develop these compli- 
cations. Usually the first clinical evidence of their pres- 
ence is painless, sometimes massive gastrointestinal 
bleeding. Obviously, the severely stressed patient al- 
ready gravely ill is little able to cope with heavy blood 
loss. A strong case has been made, therefore, for pre- 
ventive treatment of high-risk patients with antacids 
and cimetidine on the basis that, whatever their precise 


Figure 18-11. Acute gastric ulcers occurring in a patient dying of * 


severe burns. The dark brown staining is produced by digestion of 
exuded red cells. 


origins, acid-peptic activity is requisite for the devel- 
opment of these lesions. 


PEPTIC ULCERS 


Peptic ulcers are chronic, most often solitary, le- 
sions that occur in any level of the gastrointestinal tract 
exposed to the aggressive action of acid-peptic juices. 
They are so common in industrialized nations that they 
virtually represent “stigmata of civilization.” Character- 
istically, peptic ulcers occur in one of the following six 
sites, in descending order of frequency: (1) the duo- 
denum, principally the first portion; (2) the stomach, 
principally the antrum; (3) the esophagus in glandular 
mucosa, e.g., Barrett's esophagus; (4) the margins of the 
stoma of a gastroenterostomy; (5) a Meckel’s diverticu- 
lum of the ileum with heterotopic gastric mucosa; and 
(6) anywhere in the stomach or small intestine down to 
the ligament of Treitz in the Zollinger-Ellison syndrome. 
Approximately 98 to 99% of peptic ulcers occur in either 
the duodenum or the stomach in a ratio of about 4:1. 
About 10 to 20% of patients with a gastric ulcer have a 
concurrent duodenal lesion. 

Wherever they occur, chronic peptic ulcers have a 
fairly standard, virtually diagnostic gross and micro- 
scopic appearance (Fig. 18-12). Despite this uniform 
morphology, gastric and duodenal ulcers may represent 
two somewhat distinctive diseases. Different influences 
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Figure 18-12. A large, deeply excavated peptic ulcer occurring in 
prepyloric region of stomach along lesser curvature. 


are thought to be involved in their pathogenesis and 
there are further contrasts in their genetic linkages. 
Nonetheless, gastric and duodenal ulcers will be consid- 
ered together, highlighting these variables. 
EPIDEMIOLOGY. Peptic ulcers are remitting-relaps- 
ing lesions that are most often diagnosed in middle- 
aged to older adults, but they may first become evident 
in young adult life. They often appear without obvious 
precipitating influences and may then, after a period of 
weeks to months of active disease, heal with or without 
therapy. However, “once a peptic ulcer patient, always 
a peptic ulcer patient.” Thus, it is difficult to express 
accurate data on the frequency of active disease. The 
best estimates of gastroduodenal ulcer frequency from 
autopsy studies and surveys of patients indicate a range 
of 6 to 14% for men and 2 to 6% for women.* The 
male:female ratio for duodenal ulcers is about 3:1, and 
for gastric ulcers more nearly 1.5 or 2:1. Women are 
most often affected at, or after, the menopause. In more 
individual terms it is estimated that an adult male in 
the United States has about 1 chance in 10 of developing 
an ulcer before the age of 65. It is of interest that a half- 
century ago, duodenal ulcer was much more common; 
the reasons for its decline are obscure, and no similar 
welcome trend has been observed for the gastric ulcer.** 
Genetic influences are important in the predispo- 
sition to duodenal ulcer but appear to play no role with 
gastric ulcer. Duodenal ulcers are about three times 
more common in first-degree relatives of ulcer patients 
than in the general population. A 50% concordance for 
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duodenal ulcers has been observed in monozygotic twins 
as compared with 14% in dizygotic twins.* Individuals 
of blood group O are about 37% more likely to develop 
these lesions than those of other blood groups. Another 
genetic trait is the capacity to secrete mucopolysacchar- 
ide blood group substances into salivary and gastroin- 
testinal secretions. “Nonsecretors’ are 50% more prone 
to duodenal ulcer than “secretors.”” An increased inci- 
dence of HLA-B5 antigen has also been identified in 
white males with duodenal ulcer.** An elevated serum 
level of immunoreactive pepsinogen I has been observed 
in several kindreds having multiple members with duo- 
denal ulcers.*” This genetic trait segregates as an auto- 
somal domittatit; it is hailed as a “marker” of a predis- 
position to ditodenal ulcer. The lack of similar genetic 
findings in patients with gastric ulcers underscores the 
previously exptessed suspicion that duodenal and gastric 
ulcers may represent different diseases sharing in com- 
mon only “a hole in the gastroduodenal mucosa. ” 

Duodenal ulcer is more frequent in patients with 
alcoholic cirrhosis, chronic renal failure, chronic ob- 
structive pulmonary disease, and hyperparathyroidism. 
Numerous explanations have been offered to explain 
these associations but all are tenuous. All that can be 
said with any certainty is that increased serum calcium 
levels, whatever the cause, stimulate gastrin secretion 
and, therefore, acid secretion in the stomach. 

PATHOGENESIS. The old aphorism—‘the greater 
the volume of writing, the less certain the conclu- 
sions —assuredly applies to the still unknown patho- 
genesis of peptic ulcer. Nonetheless, certain observa- 
tions are well established. 

1. Some level of acid-pepsin secretion is requisite 
for the development of duodenal and gastric ulcers— 
“no acid, no ulcer.’ 

2. All peptic ulcerations probably arise because of 
an imbalance between the aggressive action of acid- 
pepsin secretion and the normal defenses of the gastro- 
duodenal mucosa. 

3. For duodenal ulcers the major causal influence 
appears to be exposure of the duodenal mucosa to 
excessive amounts of acid and pepsin. 

4. For gastric ulcers the major causal influence 
appears to be some breakdown in gastric mucosal de- 
fenses against acid and pepsin. 

It would be simplistic, however, to ascribe duo- 
denal ulcerogenesis solely to excessive gastric acid, and 
gastric ulcers solely to impaired defenses. Both sides of 
the equation are probably relevant for all peptic ulcers. 
Moreover, other influences must exist to explain the 
facts that peptic ulcers are usually focal solitary lesions 
and have a predilection for specific locations within the 
duodenum and stomach. Peculiarly, localized forces 
must be at work, but their nature is unknown. Within 
this framework of uncertainty we can turn first to a 
consideration of duodenal ulcer. 

Duodenal Ulcers. There is a large body of evidence 
documenting that, in general, duodenal ulcer patients 
have (1) an increased capacity to secrete acid and 
pepsin, (2) increased responsiveness to stimuli of acid 
secretion, and (3) more rapid gastric emptying.** It 
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should be noted, however, that not all these character- 
istics are present in every patient, and occasionally none 
are. 

In general, duodenal ulcer patients have a higher 
mean basal acid output and maximal acid output than 
normal controls, and significantly higher levels than are 
present in patients with gastric ulcers. However, in 
almost half the patients with duodenal ulcer the hy- 
persecretion is not very marked, and there is consider- 
able overlap between the duodenal ulcer and normal 
groups. The acid hypersecretion can be directly corre- 
lated with an increased parietal cell mass. on average 
twice normal.®° Here again, there is overlap with both 
normals and gastric ulcer patients. The basis for the 
elevated number of parietal cells is unknown. It could 
be congenital in origin and merely represent one end 
of the normal distribution in the population. On the 
other hand, the tact that individuals with the Zollinger- 
Ellison syndrome caused by hypergastrinemia also have 
an increased parietal cell mass indicates that it may be 
an acquired change. That an excessive level of acid is 
ulcerogenic is well brought out by the Zollinger-Ellison 
syndrome (p. 987), characterized by gastrin-producing 
neoplasms (or, less frequently, ditfuse hyperplasia) of 
gastrin-secreting cells, hypersecretion of gastric acid 
and pepsin, and peptic ulcers in 90 to 95% of these 
individuals. In some instances, multiple ulcers develop 
concurrently and sometimes in aberrant locations, e.g., 
the upper jejunum. This “experiment of nature’ under- 
scores the importance of “too much” gastric acid. The 
pepsin levels in patients with duodenal ulcers correlate 
with the acid secretion. 


THE GASTROINTESTINAL TRACT 


Increased responsiveness to all known stimuli of 


gastric acid secretion is usually present in patients with 
duodenal ulcers.*' This is not merely a function of their 
greater parietal cell mass, since the maximal secretory 
output is disproportionate to the basal acid output. The 
mechanism of this increased responsiveness is unknown. 
It does not appear to be due to increased vagal tone 
since vagotomy reduces the acid secretion in duodenal 
ulcer patients no more than in those with gastric ulcers. 
The weight of evidence points to increased gastrin drive, 
but what form it takes and why remain uncertain. 
Alkaline duodenogastric reflux may increase the sensi- 
tivity of parietal cells to gastrin.” The antral mucosa is 
held to be less susceptible to inhibition of gastrin release 
by hydrogen ions than is the case in normal controls. 
Another possibility is that, although the serum levels of 
gastrin are normal, the gastrin-producing G cells in 
duodenal ulcer patients may elaborate larger amounts 
of G-17 gastrin relative to G-34, and (as pointed out on 
p. 807) the smaller molecule is a much more potent 
secretogogue. Whatever its basis, there is increased acid 
output in response to secretory stimuli. 

Abnormally rapid gastric emptying is another fre- 
quent finding in patients with duodenal ulcer. As a 
consequence, gastric contents are emptied into the 
duodenum before the buffering capacity of a meal has 
effectively neutralized the gastric acidity. Thus, the 
duodenal mucosa is exposed to a greater acid load.*! 

Many more pathogenetic influences have been re- 


ported but all are of uncertain significance. Viral infec- 
tion, possibly by herpes simplex, has been implicated 
on serologic grounds and o1 the basis of the similarity 
between herpetic mucosal ulceration and the duodenal 
lesions. Deficient neutralization of gastric acid, be- 
cause of insufficient pancreatic secretion of bicarbonate 
or inadequate elaboration of secretin in the small intes- 
tine, has been proposed. Since women have a low 
incidence of ulcers before the menopause, estrogens are 
vaguely suspected of being protective, but if this is so 
the mechanism is unknown. Similarly, the prevailing 
wisdom that ulcers, both duodenal and gastric, tend to 
occur in individuals having certain personalities—hard- 
driving, achievement-oriented “ulcer types’—can be 
neither confirmed nor denied. There are, however, 
numerous instances in which stress, anxiety, and fatigue 
have reactivated or perpetuated ulcer disease. Concern 
has been expressed about the ulcerogenic potential of 
cigarette smoking, corticosteroids, and certain drugs 
(principally unbuffered aspirin), but substantial evidence 
is lacking that they induce duodenal ulceration. These 
agents have also been incriminated in the reactivation 
of duodenal ulcer, but once again the evidence is 
unconvincing. 

In conclusion, most of the accumulated data support 
the hypothesis that the production of a duodenal ulcer 
is the consequence of excess exposure of the duodenal 
mucosa to the aggressive actions of gastric acid-pepsin 
that overwhelm the normal defenses. The fact that most 
ulcers occur in the first portion of the duodenum might 
relate to the heavier burden of unbuffered acid in this 
segment. But it remains unexplained why a focal lesion, 
often 1 cm in diameter, results. 

Gastric Ulcers. More is known about what is not 
involved in the pathogenesis of gastric ulcers than about 
what is involved. The older concept that poor gastric 
emptying (gastric stasis) with excessive release of gastrin 
and acid is responsible for their appearance is now fairly 
well ruled out. On the average, patients with gastric 
ulcers have low-to-normal levels of gastric acid but, as 
already emphasized, never true achlorhydria.* Most of 
the accumulated data favor the existence of some pri- 
mary defect in gastric mucosal resistance. Two influ- 
ences have been observed with some regularity that 
might explain the lowered resistance: (1) an increased 
tendency to backdiffusion of hydrogen ions suggesting 
some derangement in the gastric mucosal barrier; and 
(2) the frequent association of chronic antral gastritis 
with the ulcer. Instillation of acid into the stomach or 
exposure of the mucosa to such agents as aspirin, bile 
salts, lysolecithin, and ethanol produces significantly 
more backdiffusion of hydrogen ions in patients with 
gastric ulcer than in controls or duodenal ulcer pa- 
tients.°° It has been possible in a few patients to confirm 
that such increased backdiffusion persists despite heal- 
ing of the ulcer. 

In 60 to 80% of instances, gastritis is present in 
association with gastric ulcerations. It invariably in- 
volves the antrum (chronic antral gastritis) but some- 
times also the body of the stomach. It is significant that 
in most cases the gastritis persists after the ulcer heals, 


suggesting that it is primary and the ulcer secondary.” 
When we come to the issue of what initiates the gastritis, 
the ice becomes thin. A favored theory proposes pyloric 
sphincter incompetence and reflux of bile acids and 
possibly lysolecithin. Lower basal sphincter pressure 
has been observed in patients with gastric ulcer than in 
normal individuals or those with duodenal ulcers. More- 
over, the sphincter pressure apparently does not in- 
crease in response to such normal stimuli as secretin, 
cholecystokinin, or intraduodenal amino acids or fat. 
Cigarette smoking also decreases the resting sphincter 
pressure and thus increases bile reflux. Thus, it is 
possible that bile acids and possibly lysolecithin diffuse 
back into the stomach, damage the mucosal barrier, and 
thus lead to chronic gastritis and simultaneously to 
increased acid production, with its ulcerogenic poten- 
tial.>? Attractive as this proposal may be, bile acid reflux 
cannot be seen in all patients with gastric ulcer, nor is 
antral gastritis always present. 

Chronic exposure to exogenous damaging agents 
such as unbuffered aspirin, alcohol, and certain drugs 
has been invoked as another possible basis for gastric 
ulceration. The minority of patients who do not have 
gastritis often are habitual users of aspirin. It is pro- 
posed, then, that aspirin-induced backdiffusion (dis- 
cussed on p. 808) may cause ulceration without produc- 
ing gastritis, but this remains to be proved.* As pointed 
out earlier, most studies deal with patients on long- 
term aspirin therapy for rheumatoid arthritis, introduc- 
ing the variable of another disease.*® Chronic ethanol 
consumption, corticosteroids, indomethacin, and phen- 
ylbutazone have also been implicated in the develop- 
ment of gastric peptic ulcers, but solid evidence has not 
yet been presented. Nonetheless, most clinicians would 
avoid the use of corticosteroids, indomethacin, phenyl- 
butazone, and other anti-inflammatory drugs in patients 
having any evidence of gastric disease or discomfort 
because of the concern that “where there is smoke, 
there must be a fire.” 

Yet another postulation for the pathogenesis of 
gastric ulcer invokes some deficiency—quantitative or 
qualitative—in gastric mucus. The supportive evidence 
derives largely from the healing effects of a variety of 
drugs that promote mucus output.” There is the sug- 
gestion, then, that gastric mucus is protective, and 
lowering of this defense favors gastric ulceration. 

If one accepts the concept of lowered gastric mu- 
cosal resistance, the problem remains—why are ulcer- 
ations almost always solitary with specific preferential 
localizations? Most gastric ulcers occur in the antral 
mucosa adjacent to the acid-secreting fundic mucosa. 
Furthermore, they are almost always located in an area 
crossed by a broad band of circular muscle.” It is 
speculated that in this location peristaltic muscular 
contractions reduce mucosal blood flow, and thus lower 
defenses in the non—acid-secreting antral mucosa against 
the load of acid elaborated by the body and fundus. 

In summary, the favored current theory for the 
causation of gastric ulcerations is as follows. Ulcer sub- 
jects, for unknown reasons, are prone to mucosal injury 
by virtue of a defective mucosal barrier to backdiffusion 
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of hydrogen ions. They are also predisposed to pyloric 
reflux and the development of chronic antral gastritis. 
In some, exogenous agents (in particular, unbuffered 
aspirin) may produce a level of mucosal damage that 
would not occur in normal individuals having normal 
mucosal barriers. Mucosal ischemia governs the locali- 
zation of the ulcer when these injury-producing influ- 
ences are present. 


Stomach 


MORPHOLOGY. The gross appearance of a chronic 
peptic ulcer, whether gastric or duodenal, is quite character- 
istic. Most can be recognized on sight—a fact of great 
importance, since occasionally the surgeon is called on to 
make this judgment at the operating table. As mentioned, in 
at least 80% of cases they are solitary lesions. In about 10 
to 20% of patients with gastric ulceration there is a coexistent 
duodenal ulcer. Moreover, in the Zollinger-Ellison syndrome 
(p. 987) multiple ulcerations are occasionally present, some- 
times in such aberrant locations as the jejunum. About 90% 
of duodenal ulcers occur in the first portion of the duodenum, 
generally within a few centimeters of the pyloric ring. The 
anterior wall of the first portion of the duodenum is more 
often affected than is the posterior wall. Gastric ulcers are 
predominantly found as mentioned in the antrum, and in one 
series about 95% occurred within 2 cm of the border zone, 
between the acid-secreting mucosa of the corpus and the 
antral mucosa. The most common site within this region is 
the lesser curvature. Nonetheless, chronic gastric ulcers 
may occur on the anterior or posterior walls of the stomach, 
as well as on the greater curvature. It used to be said that 
greater curvature ulcers are highly suspect of being ulcera- 
tive gastric cancers, but as many as 14% of benign gastric 
ulcers occur on or in contact with the greater curvature. 

Peptic ulcers are usually small; well over 50% are less 
than 2. cm in diameter, and 75% are less than 3 cm. However, 
about 10% of benign ulcers are greater than 4 cm in 
diameter. Almost all these larger lesions occur in the stom- 
ach. Some carcinomatous ulcers are less than 4 cm in 
diameter. Size, therefore, does not differentiate a benign 
from a malignant ulcer. 

The classic peptic ulcer is a round-to-oval, sharply 
punched-out defect with relatively straight walls perpendic- 
ular to the base. The mucosal margin may overhang the 
base slightly, particularly on the upstream portion of the 
circumference. The margins are usually level! with the sur- 
rounding mucosa or are only slightly elevated (Fig. 18-13). 
Heaping up or beading of these margins is extremely rare 
in the benign ulcer but is characteristic of the malignant 
lesion. The depth of the ulcer varies from superficial lesions, 
involving only the mucosa, down to deeply excavated pen- 
etrating ulcers having their base in the muscularis. Penetra- 
tion of the entire wall may occur, and occasionally the base 
of the ulcer may be formed by the adjacent pancreas, 
omental fat, or adherent liver. The base of all peptic ulcers 
is smooth and clean, owing to peptic digestion of any 
exudate. At times, thrombosed or even patent vessels that 
provided the source of a fatal hemorrhage project into the 
base. In most chronic peptic ulcers, underlying scarring 
Causes puckering of the surrounding mucosa, so that the 
mucosal folds radiate out from the crater in spokelike fashion. 
Such a mucosal pattern provides a valuable clue to the 
location of the lesion for surgeon, pathologist, and radiologist 
alike. The gastric mucosa surrounding an ulcer is somewhat 
edematous and may be reddened, owing to the almost 
invariable gastritis. 

The histologic appearance varies with the activity, 
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Figure 18-13. A large, benign peptic ulcer illustrating sharply 
defined margins, which overhang on proximal aspect (right) and 
shelve on distal aspect. Note absence of beading of margin and 
apparent absence of necrotic tissue in clean-appearing base. De- 
spite the 8-cm diameter, no malignancy is present. 


chronicity, and amount of healing. In the stage of active 
necrosis, four zones are classically demonstrable: (1) the 
base and margins have a superficial thin layer of necrotic 
fibrinoid debris not visible to the naked eye; (2) beneath this 
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layer is the zone of active nonspecific cellular infiltrate with 
neutrophils predominating; (8) in the deeper layers, espe- 
cially in the base of the ulcer, there is active granulation 
tissue infiltrated with mononuclear leukocytes; and (4) the 
granulation tissue rests on a more solid fibrous or collagen- 
ous scar (Figs. 18-14 and 18-15). The scarring character- 
istically fans out widely and may extend to the serosal 
surface. To be particularly noted are the mucosal margins, 
which bear the brunt of epithelial regeneration and inflam- 
matory change. Often these glands contain goblet cells, a 
change referred to as “intestinalization.” If carcinomatous 
transformation were to occur, these areas would provide the 
first histologic clue. The vessel walls within the scarred area 
are characteristically thickened by the. surrounding inflam- 
mation and occasionally are thrombosed. The lamina propria 
of the mucosa surrounding the gastric ulcer is almost always 
infiltrated by plasma cells, lymphocytes, and a few neutro- 
phils. The infiltrate may involve the entire antrum and in 
some cases may extend into the body of the stomach. When 
the gastritis is severe there may be some atrophy of the 
gastric glands. 

Peptic ulcers will heal to varying degrees, depending 
on their chronicity and their size. The typical lesions without 
massive underlying scarring may completely reepithelialize 
to leave no residual trace. As the scarring becomes more 
intense, regeneration of the mucosa is less perfect and 
healing is retarded, presumably because blood supply is 
impaired. 


CLINICAL COURSE. Gastric and duodenal ulcers 
represent chronic and recurrent lesions. They may heal, 
but there is always the risk of recurrence in the exact 
same focus or of the development of another ulcer 
elsewhere. Some ulcer patients are virtually asympto- 
matic, but much more often they experience pain, 
usually epigastric, which is variably described as burn- 
ing, gnawing, or boring. The pain is intermittent; with 
duodenal ulcers, it classically begins 90 minutes to three 
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some of the zones that constitute the inflammatory response. The 
zone of fibrinoid necrosis is above. 


hours after a meal and is relieved by eating (especially 
milk or other protein-rich foods), antacids, or vomiting. 
With gastric ulcers, about one-fifth of patients experi- 
ence pain within the first 30 minutes after eating, and 
some get no relief from eating. Similarly, about half the 
patients with either gastric or duodenal ulcer have pain 
or discomfort one to two hours after going to bed. 
Ironically, such pain is more likely to occur in patients 
who eat a bedtime snack. Occasionally with penetrating 
duodenal ulcers, particularly those on the posterior wall, 
the pain may be steady, severe, and referred to the 
back or right upper quadrant, whereas with penetrating 
gastric ulcers the pain is more often referred to the left 
upper quadrant, thorax, and back. Uncommonly, the 
first manifestation of an ulcer is hematemesis. The 
“bleed” may be small and recurrent or may be massive, 
sometimes leading to shock. Other less common symp- 
toms include anorexia, nausea, and vomiting. Weight 
loss is not uncommon with benign peptic ulcers, perhaps 
related to self-imposed dietary restrictions, and it should 
thus be noted that weight loss does not necessarily 
signify ulcerative cancer. 

Under appropriate management such as regulated 
diet, antacids, and drugs to reduce acid secretion (e.g., 
cimetidine) or to increase mucus output, the pain abates 
and indeed may not recur if the ulcer heals. However, 
a recurrence of symptoms may follow at any time (weeks 
to years), often triggered by dietary indiscretions or 
stress. Whether patients with an ulcer should receive 
long-term cimetidine therapy to prevent recurrence is 
a moot question. A few instances of gastric carcinoma 
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have been reported with such regimens, but the neo- 
plasms may have been present at the outset unrecog- 
nized.® A major concern in the management of gastric 
ulcers is their differentiation from an ulcerative cancer, 
a concern that does not apply to duodenal ulcers since 
cancers almost never arise in this segment of the intes- 
tines. In one study of gastric ulcers, the incidence of 
unexpected cancer after thorough initial assessment was 
almost 4%. 

The diagnosis and localization of peptic ulcers in- 
volves a variety of techniques, including gastric analyses 
for acidity; upper gastrointestinal radiographic studies; 
endoscopy; and cytologic examinations of gastric aspirate 
or brushings to confirm the absence of exfoliated tu- 
morous cells. The diagnosis of dyodenal ulcer can usu- 
ally be made readily by radiographic studies. With 
gastric peptic ulcers it is more difficult, because the 
lesion may be small and difficult to visualize in the 
capacious stomach. In most reported series, roentgen- 
ologic examination detects 90% of all gastric lesions and 
correctly interprets approximately 90% of detected le- 
sions. The same data apply to gastroscopy, but x-ray 
studies and gastroscopy together accurately detect and 
diagnose 95 to 98% of gastric lesions. 

The complications of peptic ulcer disease are (1) 
bleeding, (2) perforation or penetration into an adjacent 
viscus, (3) obstruction from edema or from scarring of 
the pylorus or duodenum, and (4) malignant transfor- 
mation. Bleeding, sometimes massive, is the most com- 
mon of these complications. It is estimated that one- 
fourth to one-third of peptic ulcers give rise to significant 
bleeding; indeed, massive hematemesis may be the first 
sign of existence of the ulcer in a previously asympto- 
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Figure 18-16. Close-up view of a small, completely penetrating 
duodenal ulcer. Diameter of mucosal defect is approximately 1 cm, 
the perforation being of almost equal size. 
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matic patient. The mortality rate in these bleeding 
patients ranges from 3 to 10%. Fatal hematemesis is 
responsible for about one-fourth of all deaths attribut- 
able to peptic ulcer disease. Although perforation of an 
ulcer is infrequent, occurring in only about 5% of 
patients, it is a grave complication and accounts for 
about 65% of all deaths in these patients (Fig. 18-16). 
Incredibly, perforation may be the first indication of the 
existence of the ulcer. Obstruction is encountered only 
in ulcers occurring within either the pyloric canal or the 
duodenum, and although it may produce serious vom- 
iting and fluid-electrolyte disturbances, it rarely is a 
threat to life. As stated previously, malignant transfor- 
mation of an ulcer is almost unknown with duodenal 
lesions. The frequency with which gastric ulceration 
leads to cancer is still debated. Although older reports 
have stated that 5 to 10% of gastric ulcers may be 
expected to give rise to a carcinoma, it is now clear that 
this occurs in 1% of cases or less. Sufficient evidence 
has now been accumulated to permit the statement that 
“cancers commonly ulcerate, but ulcers rarely cancer- 
ate.” Despite these complications, most patients with 
peptic ulcers die with their disease rather than of it. 


TUMORS OF STOMACH 
BENIGN 


Benign gastric tumors have variously been reported 
to be present in 5% to almost 25% of autopsies, which 
must reflect differences in the vigor and enthusiasm 
devoted to their quest.® ® However, they are very 
uncommon Clinical problems since most are incidental 
curiosities discovered at autopsy. They comprise leio- 
myomas, polyps, lipomas, neurogenic tumors, fibromas, 
hemangiopericytomas, hemangiomas, granular cell tu- 
mors, and heterotopic pancreatic rests. Only three 
lesions—leiomyoma, polyp, and aberrant pancreatic 
rest—occur with sufficient frequency to merit further 
consideration. 

Leiomyomas and polyps are the two most common 
benign gastric tumors. Leiomyomas are well-demar- 
cated, firm nodules (almost always less than 2 cm in 
diameter) arising within the muscularis. Thus, they are 
submucosal and, being small, do not erode the overlying 
mucosa. Morphologically, they exactly resemble their 
counterparts in other locations (p. 1136). Rarely, they 
grow to larger size (up to 5 cm in diameter) and produce 
hemispheric elevation of the mucosa with ulceration 
over the dome of the tumor. Such larger lesions may 
produce symptoms resembling those of peptic ulcer, 
particularly bleeding, sometimes massive. Most often, 
discovery before death is incidental to radiographic or 
endoscopic examination of the stomach for other rea- 
sons. 

Polyps are the other most common benign neo- 
plasm of the stomach but they are nonetheless rarities, 
found in about 0.5% of autopsies. Although they can be 
histologically classified into a number of subcategories, 
the great preponderance are either hyperplastic (in- 


flammatory) polyps or adenomas (some papillary), 
which differ greatly in their clinical significance.° © 
About 80 to 90% of all gastric polyps belong to the 
hyperplastic category. Grossly, these are soft, pale gray, 
elevated lesions, seldom over 3 cm in diameter. Smaller 
ones tend to be sessile; larger ones may be pedunculated 
and have hemorrhages and ulcerations on their bulbous 
tips. Most often they occur singly, but rarely multiple 
polyps are present (Fig. 18-17). Located anywhere in 
the stomach, classically they are oval or round, smooth- 
surfaced lesions arising from the crest of a rugal fold. 
Microscopically, they appear to be composed predomi- 
nantly of hyperplastic glands lined by cells similar to 
those in the gastric pits. Tubules and microcysts are 
formed, which are lined by a single layer of regularly 
arrayed cells. The intervening stroma often has a chronic 
inflammatory infiltrate. Hyperplastic polyps are regen- 
erative non-neoplastic lesions having no relationship to 
gastric carcinoma since they very rarely undergo trans- 
formation. Generally asymptomatic, when they are dis- 
covered incidentally, simple polypectomy provides a 
cure. Often they are found in stomachs removed for 
carcinoma, but the association is probably coincidental.® 

In contrast, gastric polypoid adenomas are true 
neoplasms, and carcinomatous transformation has been 
reported in 18 to 75% (average 50%) of these lesions. 
Most are larger than hyperplastic polyps (averaging 4 
cm in diameter); about 80% are greater than 2 cm in 
diameter. Sessile and flat or attached by a broad stalk 
with irregular, cauliflower-like heads, they are com- 
posed of gray-to-hemorrhagic firm tissue. Microscopi- 
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Figure 18-17. Multiple benign pedunculated polyps of stomach, 3 
to 4 cm in diameter. 


cally, they display the range of cellular dysplasia and 
atypia characteristic of tubulovillous or villous adenomas 
of the colon, described in detail on pages 866 and 865. 
Simple polypectomy is not sufficient in their treatment 
since carcinomatous glands may invade the cores of 
these lesions and extend into the underlying wall. 
Indeed, 10 to 15% of frank carcinomatous lesions have 
metastasized by the time of discovery. A gastric carci- 
noma may be present along with an adenoma, raising 
the possibility that it too was once a polyp. 

Infrequently, multiple polyps occur in the stomach 
as part of the diffuse gastrointestinal polyposis of familial 
multiple polyposis (p. 867) or the Peutz-Jeghers syn- 
drome (p. 868). | 

Submucosal rests of aberrant pancreatic tissue may 
be located in the stomach. Usually less than 1 cm in 
diameter, these intramural or submucosal rests may 
elevate the mucosa to produce sessile polypoid lesions 
sometimes visible in barium studies of the stomach. 
Their significance lies in their not being mistaken for a 
more ominous neoplasm. 


MALIGNANT 


Among the malignant tumors that occur in the 
stomach, carcinoma is overwhelmingly the most impor- 
tant and the most common (approximately 90 to 95%). 
Next in order of frequency, but far less common, are 
the lymphomas (8%) and leiomyosarcomas (2%). In 
addition, argentaffinomas (now often referred to as gas- 
trointestinal endocrine tumors) may arise in this seg- 
ment of the gut. Collectively, these four forms of 
neoplasia account for 95 to 99% of all cancers in the 
stomach. 


Carcinoma 


It is pleasant to note that the death rate from gastric 
carcinoma in the United States has been declining for 
many decades. The same can be said of Finland, Aus- 
tralia, and many other Western nations. Once at or near 
the top among the “cancer killers,” gastric carcinoma is 
no longer a leading cause of cancer mortality in the 
U.S.® The current U.S. death rate from this form of 
cancer is about seven to eight per 100,000 population; 
in 1930 it was 33 per 100,000. The reasons for this 
welcome trend are not known but changing environ- 
mental influences are suspected. However, gastric car- 
cinoma remains a disease to be reckoned with, being 
responsible for about 8000 deaths annually in the U.S. 
Indeed, in Japan it causes approximately one-half of all 
cancer deaths and is the leading cause of cancer mor- 
tality among adult males. 

EPIDEMIOLOGY. As pointed out, there is striking 
variation among countries in the death rate from gastric 
carcinoma; Japan, Chile, Iceland, and Finland have rates 
about five to six times higher than those in the United 
States, Australia, and New Zealand.” First-generation 
migrants from high-risk countries to low-risk areas con- 
tinue to suffer the rate of their country of origin even 
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though they may have migrated early in life, suggesting 
that the causative mechanisms, whatever they may be, 
exert their effects in childhood. Subsequent generations, 
however, acquire the mortality rate of their new envi- 
ronment. In low-risk countries, most tumors are discov- 
ered in the fifth to seventh decades of life: only 5% of 
patients are under the age of 40. However, in high-risk 
countries the peak incidence is somewhat earlier. In all 
countries, whether high- or low-risk, there is an overall 
male preponderance. In the U.S. the male:female ratio 
is close to unity in young adults, rises to a peak of 2:1 
in the sixth decade, and then declines to 1.5:1 in older 
individuals. 

ETIOLOGY AND PATHOGENESIS. Although genetic 
factors may play some role in the predisposition to 
gastric carcinoma, most of the evidence suggests that 
environmental influences are of overriding importance. 
A family history of gastric carcinoma increases the risk, 
but it exerts only a small influence: only 4% of patients 
with a gastric carcinoma have a family history of this 
form of neoplasia. A slightly greater concordance has 
been noted for monozygotic twins than for dizygotic 
twins. Gastric cancer may be slightly more common in 
individuals of blood group A, but some analyses point 
to blood group O. Thus, whatever the genetic factors 
may be, they make at most a small contribution. 

Most epidemiologists believe that environmental 
influences underlie the origins of gastric cancer. The 
range of implicated factors to be found in various reports 
is bewildering and includes diet, low socioeconomic 
class, urban dwelling, background irradiation, trace 
metals in the soil, and occupation. Greatest interest 
centers on the role of diet, since this would provide the 
most plausible explanation for the intercountry differ- 
ences, but the search for specific causative dietary items 
has led only to confusion. Rice has been implicated in 
Japan, fried foods in Wales, grain products in Finland, 
and spices in Java, to name only a few. To date, no one 
has yet indicted marshmallows! However, agreement is 
developing on a few dietary correlations. A high intake 
of vegetables and fruits rich in vitamin C is alleged to 
exert a protective influence. On the other hand, nitro- 
samines and nitrosamides are suspected of causing gas- 
tric cancer. The source of these carcinogens in the diet 
was discussed on page 426; it is adequate here to recall 
that nitrites may be directly added as a preservative to 
foods such as smoked meats, sausages, and frankfurters. 
The declining incidence of gastric cancer in many coun- 
tries might then be related to wider availability of 
refrigeration, which reduces the need for nitrite pre- 
servatives and simultaneously inhibits the reduction of 
nitrates to nitrites in stored foods. It is pertinent that 
this reduction reaction is also inhibited in vivo by 
vitamin C. 

In addition to hereditary and environmental influ- 
ences, certain disorders impose an increased risk of 
gastric carcinoma: (1) intestinal metaplasia of the gastric 
epithelium as occurs in chronic atrophic gastritis, and 
(2) gastric adenomas (polyps). As pointed out, atrophic 
gastritis or gastric atrophy, particularly when marked 
(as in patients with pernicious anemia), is frequently 
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characterized by metaplastic and dysplastic epithelial 
chariges leading to a long-term, 7 to 10% risk of gastric 
carcinoma. Somewhere between 18 and 75% of adeno- 
mas of the stomach undergo carcinomatous transforma- 
tion. Fortunately, this type of gastric polyp is uncom- 
mon. Ménétrier’s disease and hyperplastic secretory 
gastropathy impose a slightly increased risk. Common 
to all these “precancerous” conditions are epithelial 
intestinal metaplasia and dysplasia, producing what has 
been referred to as a “restless soil” predisposed to 
malignant transformation.” There is also histologic evi- 
dence to support the concept of a dispersed “restless 
soil”; many gastric cancers arise in discrete multicentric 
foci that coalesce as the tumor grows larger. Moreover, 
many gastric carcinomas are composed of intestine-like 
cells presumably arising in the metaplastic epithelium. 
It appears that intestinal metaplasia has a significant 
predisposition to cancer induction or is a forerunner. 
Without knowledge of its etiology, the only hope 
for improving the outlook for patients with gastric 
carcinoma is earlier diagnosis while curative resection 
is still possible. It has been found that all gastric 
carcinomas arise as in situ lesions confined to the 
mucosal epithelium alone. The in situ lesion may rep- 
resent a solitary focus, but in about one-half of the cases 
multiple foci, perhaps closely adjacent, arise simulta- 
neously. The in situ lesion then progressively invades 
the lamina propria of the mucosa and eventually the 
submucosa, and, with time, ultimately the deeper lay- 
ers. Metastases may appear at any stage of this evolu- 
tion. When the local lesion is still limited to the mucosa 
and submucosa, without penetration of the muscularis 
propria, it is now referred to as “early gastric carci- 
noma” (EGC).” Thus, EGC is not congruent with in 
situ carcinoma. It is important to note that, as the term 
EGC is used, the cancer may, have metastasized to 
regional lymph nodes, as reported in about 5% of cases. 
Nonetheless, most of the time EGC is a potentially 
resectable curable lesion. Elaborate classifications of the 
gross morphology of EGC have been developed, divid- 
ing them into protruding, flat, and depressed categories, 
as well as others.’? However, here it sufficies to note 
that in most instances EGC produces sufficient altera- 
tion of the mucosa to allow recognition of the lesion on 
barium study or endoscopy permitting confirmatory 
biopsy. In Japan (where gastric carcinoma is a major 
cause of death), remarkable results were achieved when 
these diagnostic procedures were included in annual 
clinical examinations of middle-aged to older adults. 
Whereas EGC in 1961 accounted for about 6% of all 
resectable cancers, recently it represented 35%. The 
five-year survival rates for patients with EGC after 
surgical resection is 60 to 95%, in comparison with 5 to 
15% in the usual case mix.” Ample opportunity exists 
for discovery of early gastric carcinomas because they 
evolve very slowly and, in some instances, have been 
found to take eight years to become more invasive.” 
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MORPHOLOGY. Gastric carcinomas have been divided 
into a bewildering array of subsets based on gross patterns, 
extent of invasion, and histogenesis. Remarks here will be 


restricted to the major categories. The localization of tumors 
within the stomach is as follows: pylorus and antrum, 50 to 
60%; cardia, 10%; whole organ, 10%; and the remainder in 
other areas. The lesser curvature is involved in about 40%, 
the greater curvature in 12%, and the entire circumference 
in about 25% of instances; the remainder are found on the 
anterior or posterior walls. Thus, a favored location is the 
lesser curvature of the pyloroantrum. Ulcerative lesions in 
this location may closely mimic, both radiographically and 
on inspection, chronic peptic ulcers that have a predilection 
for this same site. By contrast, a pyloroantral ulcerative 
lesion on the greater curvature is more likely to be malignant; 
once again, however, it can be benign. Carcinomas at the 
time of discovery range from relatively small tumors (about 
10% are less than 2 cm in diameter) to lesions that involve 
virtually the entire stomach; about 80% are between 2 and 
10 cm in diameter on discovery. They have been segregated 
into five gross patterns. 

Early gastric carcinoma (10 to 35%). The frequency 
of this pattern is obviously dependent on the intensity of the 
diagnostic effort to uncover asymptomatic disease. The term 
superficial carcinoma is sometimes used as a synonym 
and may in fact be preferable, since the term early gastric 
carcinoma has in the past been applied to any form of gastric 
carcinoma amenable to curative resection. When used ap- 
propriately, early gastric carcinoma can only be defined 
histologically. It appears as flat areas of mucosal thickening 
and induration, more readily appreciated by palpation than 
inspection, or the lesions may be polypoid, ulcerated, or 
excavated. Some cover large areas, presumably because of 
multicentric origins. Typically the lesions can be displaced 
by lateral pressure over the underlying muscularis because, 
as mentioned, by definition they do not penetrate below the 
submucosa. Ultimate proof that such changes do indeed 
represent early gastric carcinomas rests with histologic ex- 
amination. 

Fungating carcinoma (about 30%). These are usually 
large intraluminal masses that project many centimeters 
above the surrounding gastric wall. They are generally 
infiltrative both laterally and in depth. Occasionally the tumor 
appears somewhat polypoid, merging with what will be 
described as the polypoid pattern (Fig. 18—18). 

Uicerated-infiltrative carcinoma (about 30%). This 
pattern may be difficult to differentiate on radiologic or 
endoscopic examination from chronic peptic ulcer. Charac- 
teristically, the tumor presents as a deeply excavated ulcer 
2 to 8 cm in diameter, having irregularly beaded margins 
that overhang the crater base. The marginal, heaped-up 
beading is in contrast to the nonelevated, almost perpendic- 
ular wall of the margin of the benign ulcer. A further contrast 
is the relatively clean base of the peptic ulcer, whereas the 
carcinomatous ulcer typically has a shaggy, necrotic base. 
Moreover, the gastric wall about the crater is almost always 
infiltrated and thickened, but the lateral spread may be 
limited, rendering the differential diagnosis more difficult (Fig. 
18-19). With limited lateral spread the rugal folds may 
extend virtually up to the margins of the tumorous ulcer. 

Polypoid carcinoma (about 10%). This tumor appears 
as a very large sessile polyp that protrudes into the gastric 
lumen. The surface of the cancer may have some irregular 
superficial erosion or ulceration. The cauliflower-like mass 
may achieve a diameter of 6 to 8 cm. Tumor infiltration of 
the underlying wall is usually present but lateral spread is 
not prominent. Occasionally there is sufficient mucinous 
secretion to create a gelatinous appearance and consis- 
tency, giving rise to the term colloid carcinoma. This variant 
may arise in a previous adenoma. 


Fig. 18-18 
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Fig. 18-19 


Figure 18-18. Fungating cancer of stomach showing beginning central necrosis and excavation. 
Figure 18-19. Ulcerative pattern of gastric carcinoma. Late stage with diffuse infiltration of wall and 
two distinct crater formations, one to left with typical beaded overhanging margins, and one to right 


with deep excavation. 


Diffusely infiltrative carcinoma (about 10%). This 
tumor extends widely, sometimes throughout the entire gas- 
tric wall, without forming a large intraluminal mass. The wall 
of the stomach, where involved, is typically thickened up to 
2 to 3 cm and has a leathery, inelastic consistency. The 
rugal folds are generally flattened or totally obliterated. On 
transection there is obvious spreading apart of the layers of 
the stomach wall by gray-white infiltrative tissue, which is 
most prominent in the submucosal and subserosal regions. 
As will be seen, the infiltrative tissue is in part epithelial, and 
in part the consequence of a striking desmoplastic reaction. 
It is to this pattern that the older designations “leather-bottle” 
stomach and linitis plastica were applied (Fig. 18-20). 

More recently, dissatisfaction has been expressed with 
this descriptive classification on the grounds that it does not 
have biologic significance. An alternative classification sim- 
ply divides them into (1) expanding carcinomas and (2) 
infiltrative carcinomas.’* Expanding carcinomas are char- 
acterized by an apparently cohesive mass of tumor cells 
that grow along broad fronts, creating a “pushing” invasive 
margin. With this type of invasion the extent of the lateral 
spread can generally be appreciated by the surgeon, to 
permit adequate margins of resection. In the more ominous 
infiltrative pattern, the tumor cells do not appear to be 
cohesive and so penetrate individually and in small clusters, 
resulting in poorly defined invasive margins and generally 
more diffuse involvement of the stomach. The correlation of 
the classic morphologic patterns with this newer pathobio- 
logic schema is presented in Table 18-1. 


Histologically, all gastric carcinomas are composed of 
basically two cell types: metaplastic intestinal cells or gastric 
mucous cells. Sometimes, mixtures of these cell types are 
found. The metaplastic intestinal cells contain large apical 
vacuoles (goblets) of mucus that usually can be shown to 
be, in part, acidic intestinal mucin but sometimes neutral 
gastric mucin. Microvillous striated borders may be found 
along the luminal surface of some cells. In addition, these 
cells contain alkaline phosphatase, amino peptidase, and 
beta-glucuronidase—enzymes not usually observed in nor- 
mal gastric mucosal cells. In contrast, the gastric mucous 
cells resemble those found on the surface and in the pits of 
the gastric mucosa. Here the mucin is disposed in fine 
droplets in the apical one-half of the cell. In well-differentiated 
tumors, these two types of cells are readily identified, but 
with loss of differentiation and progressive anaplasia, both 
mucin secretion and distinctive cell characteristics disappear. 

Either cell type may form well-defined neoplastic glands 
(adenocarcinomas), occasionally with papillary ingrowths 
(papillary adenocarcinomas). In less well-differentiated neo- 
plasms, the cells tend to be disposed in disorderly masses, 
islands, or small clusters, or sometimes singly. In addition, 
the amount of mucin secretion varies, irrespective of the cell 
type. Numerous mucin vacuoles may distend cells or may 
coalesce and compress the flattened nucleus against the 
plasma membrane to create “signet-ring cells” (Fig. 18-21). 
In other instances, the mucus may lie within neoplastic 
glands. Sometimes, large lakes of secretion, in which iso- 
lated tumor cells or glands appear to float, literally dissect 
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Figure 18-20. Gastric carcinoma infiltrative pattern (linitis plastica). 
Anterior wall is diffusely thickened, with flattening of rugal folds. 


through cleavage planes. In diffuse infiltrative cancers the 
tumor cells are often accompanied by an abundant fibrous 
stroma. This desmoplasia accounts for much of the thick- 
ening of the gastric wall and it may be so florid as to render 
identification of the cancerous cells difficult. 

Gastric cancers have also been divided by some experts 
into “intestinal-type” and “gastric-infiltrative’ categories 
based on the predominant cell type in the neoplasm.’”> It is 
argued that this subdivision has pathogenetic and clinical 
significance. Intestinal-type lesions are more often of the 
expanding type, associated with chronic gastritis and the 
consequent intestinal metaplasia seen in chronic gastritis. 
This pattern has a somewhat better prognosis than the 
gastric infiltrative type and appears to be more closely 
correlated with environmental influences; it is the form pre- 
dominantly encountered in high-incidence locales and coun- 
tries. Perhaps the control of environmental influences ac- 
counts for the reduction in frequency and therefore the 
decline in mortality from gastric cancer in the United States 
and elsewhere.”© However, the correlation between this 
histologic classification and the expanding and infiltrative 
patterns is at best imperfect, and indeed some neoplasms 


Table 18-1. PERCENTAGE OF TUMOR TYPE IN EACH GROSS 
FORM OF GASTRIC CARCINOMA 


Expanding infiltrative 

Gross Form Carcinoma Carcinoma 
Polypoid 100% 0% 
Superficial 100% 0% 
Ulcerated 57% 43% 
Fungating 96% 4% 
Diffuse 9% 91% 


From Ming, S.-C.: Gastric carcinoma. A pathobiological classification. Cancer 
39:2479, 1977. 


are composed of mixed-cell patterns probably arising from 
multiple foci of origin. 

One additional variant of gastric carcinoma merits men- 
tion: a so-called undifferentiated carcinoma composed of 
sheets of small cells with round-to-ovoid, deeply hyperchro- 
matic nuclei. Cytoplasmic secretory granules are evident on 
electron microscopy in these cells and some are argentaffin 
positive. Such tumors are presumably derived from endo- 
crine cells found in the gastric mucosa as well as throughout 
the gut.”” Because these neoplasms are capable of elabo- 
rating a variety of amine or polypeptide hormones, e.g., 
histamine, 5-hydroxytryptamine, and ACTH, they belong to 
the category of APUDomas (discussed on p. 842). 

Infiltrative gastric carcinomas progressively penetrate 
the gastric wall to appear as small, gray-white subserosal 
nodules. They extend laterally, sometimes to invade the 
entire stomach and occasionally the duodenum. Interest- 
ingly, the duodenal invasion is generally subserosal, without 
involvement of the mucosa. Metastases to regional lymph 
nodes are present in 80 to 90% of specimens obtained from 
total gastrectomy. Widespread peritoneal seedings and me- 
tastases to the liver or lungs, as well as to other organs, are 
encountered in 20 to 40% of necropsies on patients who 
have died of this disease. One pattern of metastatic dissem- 
ination deserves special citation. Dissemination of tumor 
cells to the ovaries is encountered in about 10% of fatal 
cases of gastric carcinoma. The ovarian masses have been 
called Krukenberg tumors. These are discussed more 
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Figure 18—21. High-power detail of a gastric adenocarcinoma. The 
well-formed gland (left, center) contrasts with mucin-laden tumor 
cells, in some of which the nucleus is compressed against the 
membrane to create “signet-ring cells.” 
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Table 18-2. CLINICAL FEATURES OF BENIGN AND MALIGNANT ULCERS 


Benign Ulcer 
Age of patient 
Duration of symptoms 
Sex Marked male preponderance 
Gastric acidity 
Location of lesion 


or anterior or posterior wall 


Size of lesion 
over 4cm 


Response to medical therapy 
adequate treatment 


X-ray 


Tends to occur in younger individuals 


Varies from weeks to many years 


May be normal or increased—anacidity rare 

Usually lesser curvature of pyloric or prepyloric 
region—however, may be on greater curvature 

Usually is less than 2 cm in diameter and rarely 


Usually shows prompt evidence of healing on 


Demonstrates a small punched-out niche without 
involvement of surrounding wall 


Malignant Ulcer 
Tends to occur in older individuals 
Varies from weeks to months but rarely for years 
Slight male preponderance 
Usually normal levels but can be totally absent 
Greater curvature of pyloric and prepyloric 
regions—however, may be on lesser curvature 


or in other sites in stomach 


Usually greater than 4 cm in diameter but may be 
smaller | 


May respond to medical therapy but usually is 
refractory 


Demonstrates defect with irregular or heaped-up 
margins and possible involvement of 
surrounding wall and mucosa 


completely on page 1155, but we might note here that 
Krukenberg tumors of the ovaries may also arise by spread 
to the ovary of other abdominal neoplasms such as carci- 
nomas of the pancreas and gallbladder. Typically, the en- 
larged ovaries contain signet-ring, mucin-secreting cells in 
an abundant fibrous stroma. There have been remarkable 
cases in which clinical recognition of the ovarian mass(es) 
led to the identification of the primary gastric cancer, and at 
the time of laparotomy there was no evidence of metastases 
in other organs. 


CLINICAL COURSE. Gastric carcinoma is an insidious 
disease that is generally asymptomatic until late in its 
course. At present the five-year survival rate for gastric 
cancer in the United States ranges between 5 and 15%, 
and this prognosis has not improved in the last 40 
years.”* The discovery of “early gastric carcinoma,” 
having a much better prognosis, is totally dependent on 
its early recognition by endoscopy and radiographic 
barium studies. In individuals with more advanced 
cancer, the frequency of symptoms is as follows: 


Symptom % of Cases 
Weight loss 80 
Abdominal pain fe 
Anorexia 57 
Vomiting 44 
Changed bowel habit 35 
Dysphagia 14 
Anemic symptoms 12 
Hemorrhage 10 


As can be seen, most of these symptoms are not very 
specific, rendering the diagnosis of this form of cancer 
very difficult. The abdominal pain is usually referred to 
the epigastrium but is often vague and intermittent. 
Occult bleeding is frequent, sometimes producing “cof- 
fee grounds’ vomitus, but more often associated only 
with guaiac-positive stools. Some patients (10%) expe- 


rience massive hematemesis, sufficient to cause shock. 
Achlorhydria or hypochlorhydria is present in about half 
the patients. Abnormally low levels of gastric acid are 
infrequent in young individuals and those with superfi- 
cial carcinoma. When the achlorhydria is histamine- or 
pentagastrin-fast, one can assume that an ulcerative 
lesion is cancerous. 

In view of the nonspecific presentation of this form 
of cancer, the diagnosis and, in particular, the differ- 
entiation of a benign from a malignant ulcer require 
careful evaluation, involving radiographic, endoscopic, 
cytologic, and finally biopsy studies (Table 18-2). 

All too often the primary lesion comes to attention 
because of metastatic disease. Hepatomegaly due to 
metastases is already present at the time of first diagnosis 
in about 10% of cases. It may be accompanied by ascites 
and, less frequently, jaundice. Spread to remote lymph 
nodes sometimes heralds the existence of the gastric 
primary. For uncertain reasons, the supraclavicular 
(Virchow’s) nodes and scalene nodes are often involved 
and enlarged relatively early in the course of the disease. 
Metastases to the ovaries (Krukenberg tumors) are 
sometimes discovered on pelvic examination, even be- 
fore gastric symptoms appear. The tumor mass may 
seed the peritoneal cul-de-sac, producing a so-called 
“rectal shelf’ on rectal examination. Thus, the prognosis 
for this disease to date has been bleak. On the basis of 
past practices of case finding, only about half the lesions 
at the time of discovery are sufficiently localized to 
permit an attempt at resection, accounting in large part 
for the overall five-year survival rate of 5 to 15%.” 


Endocrine Cell Tumors (Argentaffinomas, 
Carcinoids) 


Although these stomach lesions are rare, they tend, 
like those in the small and large intestine, to be infiltra- 
tive, aggressive tumors that metastasize in about one- 
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third of cases. These are described in detail on page 
842. 
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Gastrointestinal Lymphomas 


Lymphomas in the course of their systemic dissem- 
ination may secondarily involve any segment of the 
gastrointestinal tract, but they may also arise as primary 
neoplasms anywhere in the lymphoid elements found 
normally throughout the gut. Irrespective of site of 
origin, they have similar morphologic characteristics 
and thus are all considered here as a group. Most arise 
in the stomach and small intestine. The gastric primaries 
represent only 3 to 5% of all stomach cancers. The next 
most favored sites, in order, are the ileum, large intes- 
tine, and appendix. Generally, in primary involvements, 
the lesion is localized to one site or at least one level of 
the gastrointestinal tract. In contrast, lymphomas pri- 
mary in the mesenteric or retroperitoneal lymph nodes, 
or indeed primary outside the abdomen, typically affect 
multiple foci.°° To a large extent, the primary lesions 
conform to the cytologic patterns encountered in lymph 
node disease (p. 658). Thus, in analyses of large series 
of cases using the Rappaport classification, diffuse his- 
tiocytic lymphoma constituted about 60%.*" ** Lympho- 
cytic lymphomas, nodular or diffuse, well or poorly 
differentiated, were the next most common category. 
The remainder of the cases in one series included rare 
instances of primary Hodgkin’s disease of the gastroin- 
testinal tract. However, even the expert “lymphoman- 
iacs’ disagree about the interpretation of some lesions. 
Plasma cells are found in the background of other cell 
types in a significant number (20 to 40%) of small 
intestinal lymphomas.*° This has led to these lesions 
being called plasmacytomas, plasmacytoid lymphocytic 
lymphomas, or Mediterranean-type lymphomas (be- 
cause. they were originally described in Israel).** We 
need not enter into this nosologic quagmire except to 
note that they are now called immunoproliferative small 
intestinal lymphomas, and some elaborate specific im- 
munoglobulins, particularly alpha heavy chains, as do 
plasmacytomas arising elsewhere.* In contrast, in an- 
other series of gastrointestinal lymphomas, none were 
interpreted as these lesions.® 


Primary lymphomas assume a variety of gross appear- 
ances. In most cases only one segment of the gut is involved. 
Infiltrative lesions with raised margins, often having ulcera- 
tion of the overlying mucosa, constitute the most frequent 
macroscopic pattern. Next most common are polypoid, often 
multilobate masses that project into the lumen and some- 
times have surface ulcerations. Occasionally, particularly in 
the stomach, the tumor infiltrates widely, producing giant 
rugal folds (Fig. 18-22) to thereby mimic hypertrophic gas- 
tritis (p. 812). All patterns are softer, grayer, and more 
rubbery than the usual carcinoma. Central necrosis may 
lead to perforation of the gut. In about half the cases the 
tumor is restricted to the gastrointestinal tract; regional lymph 
nodes are already affected at the time of diagnosis in an 
additional third. In the remainder there is widespread dis- 
semination both to abdominal lymph nodes and viscera and 
to extra-abdominal sites. 
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Figure 18-22. Lymphoma of stomach showing marked accentuation 
of rugal folds produced by diffuse infiltrative type of growth. 


Histologically, the lesions replicate the cytologic features 
found in lymphomatous disease primary in the lymph nodes 
(p. 657). 


Although children may be affected, gastrointestinal 
lymphoma is predominantly a disease of the middle- 
aged of either sex. Primary gastric involvement is often 
called to attention because of ulcer-like symptoms. 
Tumors arising in the small intestine most often produce 
manifestations of intestinal obstruction accompanied by 
pain, hemorrhage, and, rarely, perforation. When they 
involve large segments of the small intestine, they can 
lead to the malabsorption syndrome (p. 846). Lympho- 
mas in general have a much better prognosis than 
carcinoma, and many are resectable with cure. Che- 
motherapy, radiation, or both often induce long remis- 
sions in nonresectable cases. The reported five-year 
survival rate ranges from 30 to 55%. The prognosis is 
chiefly dependent on the extent of the involvement, 
and does not appear to be affected by the histologic 
type. Several additional details are worthy of note. 
There is a reported association of gastrointestinal lym- 
phoma with ulcerative colitis, Crohn's disease, and 
celiac disease.*° There is also a greater-than-chance 
concurrence of carcinomas in patients with gastrointes- 
tinal lymphoma. Most of these carcinomas have arisen 
in the stomach in close proximity to gastric lymphomas, 
but some have been primary in extraintestinal sites.*’ 

It is important to caution that chronic gastritis and 
chronic peptic ulcer may lead to massive inflammatory 
infiltrates into the stomach wall, creating more than a 


casual resemblance, both grossly and microscopically, 
to a true lymphoma. Such inflammatory lesions have 
been designated “pseudolymphoma.” These non-neo- 
plastic infiltrates differ histologically from true lympho- 
mas by having well-developed lymphoid germinal cell 
centers as well as polymorphic infiltrative cells including 
lymphocytes, histiocytes, plasma cells, and fibroblasts. 
Lymphomas, in contrast, are typically monomorphic. 
Moreover, at the margins of the pseudolymphomatous 
lesions there is usually sufficient fibrosis to suggest an 
inflammatory origin. The use of immunohistochemical 
techniques to identify cell markers and cell-related 
immunoglobulins has greatly facilitated differentiation 
of the many cell types to be found in pseudolymphomas 
from the monoclonality of lymphomas.® 


Sarcomas 


The most frequent sarcomas in the stomach are 
leiomyosarcomas, fibrosarcomas, and endothelial sarco- 
mas. Both individually and collectively they are rare. 
Among these, only the leiomyosarcoma and the closely 
related leiomyoblastoma occur sufficiently often to merit 
brief comment. 

Leiomyosarcomas may appear at any age and in 
either sex. Grossly, either they produce large, bulky, 
intramural masses, which eventually fungate and ulcer- 
ate into the gastric lumen, or they project subserosally. 
On cross section they have the typical soft, fish-flesh 
appearance of all sarcomas and frequently contain areas 
of hemorrhage, necrosis, or cystic softening. Histologi- 
cally they resemble leiomyosarcomas found elsewhere 
(p. 271). Because they tend to grow as cohesive masses 
without the diffuse infiltrative characteristics of gastric 
carcinomas, many are amenable to surgical removal, 
yielding a 50 to 60% five-year survival rate. Metastases, 
however, are present in about one-third of cases. 

Leiomyoblastomas are uncommon gastric tumors 
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that rarely arise elsewhere. Nonetheless, their recog- 
nition is important because, despite their ominous gross 
and microscopic appearance, many are biologically be- 
nign. Their malignant potential is intermediate between 
that of the leiomyoma and that of the leiomyosarcoma. 
Grossly, they are usually large, fairly well-circumscribed 
intramural masses that project into the gastric lumen, 
sometimes with. ulceration of the gastric mucosa over 
the dome of the mass. On cross section they may closely 
resemble the leiomyosarcoma. Microscopically they are 
characterized by large pleomorphic cells having central 
nuclei that are variable in size and shape. The cells 
have an abundant eosinophilic or clear cytoplasm that 
sometimes leaves distinct, clear, perinuclear halos. Ul- 
trastructural studies-in some cells reveal microfilaments 
typical of smooth muscle cells, which, with the immu- 
noperoxidase technique, can be shown to be myosin. 
Special stains for reticulin (silver, gold techniques) dis- 
close an abundant reticulum that encloses individual 
cells. Mitoses may be scant or abundant and the biologic 
behavior appears to be related to the number of mitoses. 
When five or more are present in ten high-power fields, 
the neoplasm is very likely to be malignant and have 
metastatic potential. In several analyses 5 to 30% have 
metastasized. *° | 


Metastatic Carcinoma 


Metastatic involvement of the stomach is a rarity. 
Although such spread may be produced by carcinomas 
arising elsewhere, particularly breast carcinomas and 
malignant melanoma, the most common sources of 
gastric metastases are generalized lymphomatosis and 
leukemia. Most lesions are multiple, and differ from 
primary tumors in that they usually affect the submucosa 
and muscularis primarily, and only secondarily invade 
the mucosa. Central ulceration of these masses may 
occur. 


Small Intestine 


NORMAL Infective Enterocolitis Malabsorption 

PATHOLOGY Bacterial enterocolitis Cellac sprue 

Congenital Anomalies Nonbacterial gastroenterocolitis Tropical sprue 
Congenital atresia and stenosis Crohn's Disease (Regional Enteritis) Whipple's disease 


Diverticula of duodenum, jejunum, and 


Tumors of Small intestine 


Disaccharidase deficiency 


ileum Benign Abetalipoproteinemia 
Meckel's diverticulum Malignant Obstructive Lesions 
Pancreatic rests Endocrine cell tumors Hernias 
Ischemic Bowel Disease (argentaffinomas, carcinoids) Intestinal adhesions 
Transmural intestinal infarction Carcinoma intussusception 
Mucosal and mural infarction Sarcoma Voivulus 


NORMAL 


Certain features of the normal structure and func- 
tion of the small intestine have particular clinical signif- 
icance. The adult human small intestine ranges from 12 
to 20 feet in length and, unfortunately, is prey to as 
many diseases as its footage would imply. The duo- 


denum, which is the first portion of the small intestine, 
is the widest and most fixed section and is shaped like 
the letter C. The head of the pancreas nestles in the 
concavity of the C. The common bile duct, ampulla of 
Vater, and pancreatic ducts, and the proximity to the 
liver, gallbladder, and colon, make this short segment 
the most critical area for lesions in the entire small 
intestine. 
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There is no sharp demarcation between the je- 
junum and ileum. Customarily, the proximal two-fifths 
is considered jejunum. The diameter of the proximal 
jejunum is virtually twice that of the distal ileum. The 
arterial supply of the small intestine is largely derived 
from the superior mesenteric artery, which progres- 
sively divides as it approaches the gut. A small lesion, 
then, in the root of the mesentery may compromise the 
vascular integrity of yards of small intestine. However, 
the arterial branches are richly interconnected by arch- 
ing arcades. Thus, obstructive lesions of a secondary 
branch of the superior mesenteric artery may be without 
effect. When vascular lesions occur close to the gut in 
the small terminal “end arteries,” small ischemic lesions 
result. Since the lymphatic drainage essentially parallels 
the vascular supply but does not have the intricate 
patterns of arcades, involvement of a small focus of 
lymph nodes or lymphatics produces a rather large 
segment of intestinal lymphedema. 

The histologic identification of the small bowel rests 
on the recognition of villi. They are most numerous and 
leaflike in the duodenum, and become progressively 
less well defined and finger-like toward the terminal 
ileum. Between their bases and extending into the 
deeper levels of the mucosa are the pitlike crypts. The 
height of the villi is three times greater than the depth 
of the crypts, a point of some importance in the inter- 
pretation of small bowel biopsies. Distinctive of the 
duodenum are the elaborately branched Brunner’s 
glands, which penetrate the muscularis mucosae into 
the submucosa. The lamina propria in the small intestine 
contains not only phagocytic cells but also lymphocytes 
(in great abundance in the ileal Peyer’s patches) as well 
as plasma cells. Immunoglobulins, particularly IgA, are 
synthesized by these cells and probably serve an im- 
portant protective function against bacterial invasion. 

The epithelium lining the crypts differs from that 
covering the villi. Four types of crypt epithelial cells 
have been identified: (1) Paneth cells, (2) undifferen- 
tiated cells, (3) goblet cells, and (4) endocrine cells.” 
Paneth cells have a basophilic cytoplasm that contains 
large secretory granules, but the nature of their secre- 
tion is unclear. Studies suggest that these cells contain 
lysozyme, IgG and IgA.*! Undifferentiated cells are the 
most numerous in the crypts. They take up IgA from 
the lamina propria, conjugate it with a secretory com- 
ponent, and secrete water and electrolytes. They also 
contain small secretory granules that are best visualized 
in PAS stains, but the nature of the secretion is not 
known. Goblet cells are packed with mucigen granules, 
creating large apical vacuoles that, when seen in the 
light microscope, give these cells some fanciful resem- 
blance to brandy goblets. The goblet cells are obviously 
the source of the mucus secretion of the small intestine. 
In the adult, there are at least nine distinct populations 
of endocrine cells separable by ultrastructural and im- 
munohistochemical features.” All contain well-defined 
secretory granules, and at least one subset is argentaffin 
and chromaffin positive. The argentaffin cells are dis- 
cussed later in the consideration of argentaffinomas. The 
endocrine cells secrete gastrointestinal hormones such 


as secretin, cholecystokinin, and serotonin, as well as a 
kallikrein-like enzyme that may participate in the for- 
mation of bradykinin. Excessive secretion of some of 
these products by argentaffinomas accounts for the 
carcinoid syndrome (p. 842). 

The surface covering of the villi is made up of three 
types of cells, principally absorptive cells interspersed 
with goblet cells and a few endocrine cells. These are 
fused together by “tight junctions” that maintain a 
virtually impermeable barrier between the luminal con- 
tents and the subepithelial lamina propria. All molecules 
save the smallest, such as sodium, chloride, and water, 
which diffuse to some degree between cells, must pass 
through the surface mucosal cells. The absorptive cells 
are highly specialized on their luminal surface by mi- 
crovilli (seen only in electron micrographs), expanding 
their luminal surfaces perhaps 30-fold. Microvilli are 
remarkably uniform, tall, straight, and regularly spaced 
over the villi but become shorter, blunter, and more 
irregular in the crypts (Fig. 18-23). They in turn are 
covered by a firmly attached, filamentous-appearing 
glycoprotein coat that is secreted by the absorptive 
cells. This microvillous, membrane-fuzzy coat complex 
provides an ideal milieu for the terminal digestion of 
foodstuffs by amylases and proteases. The microvillous 
membrane also contains disaccharidases and certain 
peptidases involved in the terminal degradation of sac- 
charides and polypeptides to their monosaccharide and 
amino acid residues, as well as other enzymes and 
carrier proteins involved in sugar and amino acid trans- 
port. The membrane also possesses specific receptors, 
such as those in the ileum for intrinsic factor—vitamin 
B,, complexes. 

The regenerative capacity of the small intestinal 
epithelium is remarkable. Cellular proliferation is con- 
fined to the basal portions of the crypts; from here, by 
some extraordinary process, the cells slide along the 
crypt and villous surface to be shed at the tip of the 
villus within six to seven days. Thus, the entire epithelial 
covering of the small intestine is replaced every week. 
During this migration the cells undergo differentiation 
with the progressive acquisition of intramembrane par- 
ticles (probably representing membrane-associated en- 
zymes) and the development of the tight junctions, 
which are better organized in villous cells than in crypt 
cells.“ The looser junctions in the crypts suggest that 
this region is more involved in secretion of ions and 
water than the surface of the villi. The rapid renewal of 
the small intestinal epithelium provides a remarkable 
capacity for repair, but in another sense renders the 
small intestine particularly vulnerable to agents that 
interfere with cell replication, as, for example, radiation 
or cancer chemotherapeutic drugs. 


PATHOLOGY 


The principal types of pathologic conditions in this 
segment of the gut are inflammatory disorders and 
derangements that lead to malabsorption. Because the 
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lumen is narrow, intestinal obstruction is a frequent 
complication of some of the lesions. In contrast to those 
of the stomach and colon, primary tumors are extremely 
rare in the small intestine. 


THE GASTROINTESTINAL TRACT 


CONGENITAL ANOMALIES 


Numerous developmental defects of rotation and 
reduplication occur in the small intestine, but they are 
rare. Four other anomalies are encountered sufficiently 
often to merit description. 


CONGENITAL ATRESIA AND STENOSIS 


In atresia, either a segment of the bowel is entirely 
missing, leaving a proximal segment with a blind end 
separated at some distance from the distal bowel, or the 
upper and lower segments are united by a solid fibrous 
cord. Stenosis, on the other hand, implies narrowing 
that may be either mild and of little consequence or 
severe and obstructive. Atresias and stenoses may occur 
singly or multiply (approximately 5 to 10% of patients), 
involving any level of the jejunum or ileum. Obviously, 
atresias and severe stenoses cause intestinal obstruction 
that leads to persistent vomiting, usually within the first 
two weeks of life. Early surgical intervention to prevent 
serious fluid, electrolyte, and nutritional problems is 
curative. However, other more serious developmental 
anomalies may also be present, prejudicing survival in 
these patients. 


DIVERTICULA OF DUODENUM, JEJUNUM, 
AND ILEUM 


In the muscular wall of the jejunum and ileum, the 
points where mesenteric vessels and nerves enter pro- 
vide loci of weakness where the mucosa and submucosa 
may herniate into the mesentery. Such diverticula occur 
about one-tenth as often as duodenal diverticula and are 
therefore exceedingly rare. They are more frequent in 
older individuals, perhaps owing to the role played by 
continued intraluminal pressure in their causation. Be- 
cause they dissect into the fat of the mesentery, they 
are easily missed at autopsy. Histologically, the mus- 
cular coats of the diverticula are absent or thinned, 
leaving only the mucosa and submucosa. In rare in- 
stances, intestinal stasis within their lumina has led to 
considerable overgrowth of bacteria that use excessive 
amounts of vitamin B,,, producing a pernicious anemia— 
like syndrome. Under these circumstances, the diver- 
ticula produce an analog of the blind-loop macrocytic 
anemia of experimental animals. Very rarely, the diver- 
ticula are the sites of intestinal bleeding or inflammatory 
perforation.” Those of the duodenum may impinge on 
the biliary and pancreatic ducts. 


Figure 18-24. Meckel’s diverticulitis. Tip of diverticulum is reddened 
because of peptic ulceration secondary to a rest of gastric epithe- 
lium. 


MECKEL’S DIVERTICULUM 


Persistence of a vestige of the omphalomesenteric 
duct may give rise to a solitary diverticulum, usually 
within 12 inches of the ileocecal valve. Rarely, it occurs 
in more proximal locations, sometimes up to 2 to 3 feet 
from the ileocecal valve. 

These diverticula vary in conformation from a fi- 
brotic cord to a pouch having a lumen greater than that 
of the ileum and a length as much as 5 to 6 cm. The 
composition of the wall is similar to that of the small 
bowel, but there are several points of difference. Het- 
erotopic rests of gastric mucosa are found in about one- 
half of all Meckel’s diverticula. Peptic ulceration some- 
times occurs in the mucosa of the diverticulum adjacent 
to the island of gastric mucosa (Fig. 18-24). Mysterious 
intestinal bleeding or symptoms resembling an acute 
appendicitis may result. Rarely, perforation occurs, or 
the inflammatory disease causes adhesion to surrounding 
loops of bowel with resultant intestinal obstruction. 
Infrequently, pancreatic rests may occur in Meckel’s 
diverticula. 


PANCREATIC RESTS 


Foci of essentially normal pancreatic tissue, ap- 
pearing as small mucosal polyps, occur anywhere in the 
small bowel, least often in the jejunum. They are of 
chief interest to the surgeon and endoscopist, since they 


should not be confused with a primary tumor of the 
bowel. They usually are not more than 1 or 2 cm in 
diameter and present, on cut surface, the typical yellow, 
lobulated appearance of normal pancreatic tissue. These 
rests usually are freely movable and are not attached to 
the underlying muscularis. 


ISCHEMIC BOWEL DISEASE 


The small intestine alone, the colon alone, or 
sometimes both may sustain hypoxic injury related to 
various causes of vascular compromise. Collectively, all 
these lesions are designated acute mesenteric ischemias. 
The lesions of the colon are sometimes referred to as 
ischemic colitis.%° Depending on the severity of the 
reduction in blood flow, three morphologic patterns are 
somewhat arbitrarily segregated: (1) infarction or gan- 
grene of the bowel, implying transmural ischemic ne- 
crosis related to total or near-total reduction in blood 
flow; (2) hemorrhagic gastroenteropathy, characterized 
by hemorrhage and necrosis limited to the mucosa and 
submucosa with sparing, usually of the deeper layers, 
related to less extreme reduction in blood flow; and (3) 
chronic ischemia leading in time to fibrotic narrowing 
of affected bowel. Classically, these categories have 
implied that infarction is the result of total mesenteric 
occlusion by a thrombus or embolus; hemorrhagic gas- 
troenteropathy follows acute nonocclusive hypoperfu- 
sion; and chronic ischemia is the consequence of severe 
organic vascular narrowing inducing a persistent perfu- 
sion deficit. However, chronic ischemic fibrosis related 
to ischemia is difficult to segregate from fibrotic narrow- 
ing secondary to bacterial injury. Because there is no 
sharp line dividing infarction from severe hemorrhagic 
enteropathy, a more descriptive simplified terminology 
has been proposed: (a) transmural infarction; (b) mural 
infarction—if the injury extends from the mucosa into 
the submucosa and muscularis; and (c) mucosal infarc- 


tion—if the lesion extends no deeper than the muscu-. 


laris mucosae.*” Here we shall adopt the newer termi- 
nology. | 


TRANSMURAL INTESTINAL INFARCTION 


Transmural infarction is more common in the small 
intestine than in the large intestine, probably because 
of differences in the patterns of blood supply. The small 
intestine is totally dependent on its mesenteric vessels, 
but the large intestine throughout much of its course is 
closely applied to the posterior abdominal wall from 
which it may derive accessory blood supply and venous 
drainage. Transmural infarction usually involves one 
(often long) segment of gut, although rarely several 
discontinuous areas are affected. 

The basic patterns of transmural infarction are 
thromboses or embolism of the superior mesenteric 
artery affecting only the small bowel (about 50% of 
acute mesenteric ischemia); mesenteric venous throm- 
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boses involving the small or large bowel or both (25% 
of cases); and partial narrowing of arteries or veins with 
superimposed reduced flow affecting the small or large 
bowel or both (25% of cases). 

Arterial thromboses are most often triggered by 
advanced atherosclerosis. The superior mesenteric ar- 
tery is commonly involved, close to its origin, but 
sometimes also the celiac axis and/or the inferior mes- 
enteric artery. Because of the rich anastomotic com- 
munications between these three major arterial trunks, 
critical reduction of flow may require compromise of at 
least two. Sometimes cardiac failure or a hypotensive 
crisis in a patient with marked atherosclerotic narrowing 
(without total occlusion) may suffice to cause infarction. 
Vasospasm of uncertain cause superimposed on vascular 
narrowing is another potential pathogenetic mecha- 
nism.” Other causes of arterial narrowing, usually with 
superimposed thrombosis, include dissecting aortic 
aneurysm, tumorous invasion of the root of the mesen- 
tery, and fibromuscular hyperplasia of the intestinal 
arteries. The last-mentioned refers to vascular narrow- 
ing caused by hyperplastic thickening of the intima and 
media of the terminal straight portions of the mesenteric 
arteries just before they enter the bowel.* Most indi- 
viduals with this form of vascular disease are elderly, 
have cardiac failure, and are on digitalis therapy. Digi- 
talis toxicity or a sensitivity reaction to the drug may 
play some role in the induction of the vascular lesions. 
Arterial thrombosis has also been reported in association 
with the use of oral contraceptives having a high estro- 
genic content. More often, oral contraceptives induce 
venous thromboses. Acute arteritis, such as may be 
encountered in polyarteritis nodosa, systemic lupus. 
erythematosus, and rheumatoid disease, is a rare cause 
of arterial thrombosis. 

Embolic arterial occlusion involves most often the 
branches of the superior mesenteric artery, but some- 
times one of the other major trunks. The origin of the 
inferlor mesenteric artery from the aorta is oblique, and 
therefore may spare it somewhat from embolic occlu- 
sion. The emboli arise from intracardiac mural thrombi, 
infective endocarditis, nonbacterial thrombotic endocar- 
ditis, thrombi superimposed on valvular prostheses, 
atrial myxomas, or ulcerated atherosclerotic. plaques, 
particularly during intra-aortic diagnostic or therapeutic 
procedures (angiography, balloon pumping). As with 
thromboses, the embolus must lodge in the proximal 
segments of the arteries to induce sufficient restriction 
of the blood supply to cause ischemic injury. More distal 
lodgement may be compensated for by anastomotic 
channels. 

Venous thrombosis accounts for a minority of bowel 
infarctions. Some instances follow upper abdominal sur- 
gery. Venous thromboses may also. be associated with 
cardiac failure, polycythemia, portal stasis, external 
pressure on veins by tumors or aneurysms, and the 
hypercoagulable state. Ischemic lesions of the bowel 
secondary to venous thrombosis have also been encoun- 
tered in young women using oral contraceptives, but 
the causal relationship is still in some doubt.'” 


Small Intestine 


832 |THE GASTROINTESTINAL TRACT 


Gangrene of the bowel may also result from occlu- 
sion of arterial or venous vessels by strangulated hernias, 
torsions, and intestinal adhesions. Despite the multi- 
plicity of possible causes, there remains a significant 
percentage of cases in which no well-defined underlying 
or antecedent basis for the vascular insufficiency can be 
demonstrated. '°! 


MORPHOLOGY. Transmural infarction of the small 
bowel may involve only a short segment, but more often a 
substantial portion of the total length. Colonic infarction tends 
to occur at the splenic flexure, which represents the wa- 
tershed between the distributions of the superior and inferior 
mesenteric arteries. Regardless of whether the arterial or 
venous side is occluded, the infarction always appears 
grossly hemorrhagic.'” In the early stages, the segment of 
bowel appears intensely congested, dusky to purple-red, 
with small and large foci of subserosal and submucosal 
ecchymotic discoloration (Fig. 18-25). Later the wall be- 
comes edematous, thickened, rubbery, and hemorrhagic. 
Commonly at this stage, the lumen contains sanguineous 
mucus or frank blood. In arterial occlusions the demarcation 
from normal bowel is usually sharply defined, but in venous 
occlusions the area of dusky cyanosis fades gradually into 
the adjacent segments of normal bowel, leaving no clear- 
cut definition between viable and nonviable bowel. Within 
approximately 24 hours, a fibrinous or fibrinosuppurative 
exudate appears on the serosa, making it dull or granular. 
The associated inflammatory reaction depends on the du- 
ration of the disorder. If death occurs within 24 hours, little 
cellular response may be demonstrable. Later, lesions may 
show characteristic inflammatory infiltrations and ulcerations. 
Ulceration of the mucosa, complicated by inevitable secon- 
dary bacterial contamination, and perforation of the wall are 
likely to occur within three to four days. However, most 


Figure 18-25. A loop of infarcted small intestine showing dark 
hemorrhagic discoloration. A large branching thrombus is evident in 
the arterial supply. 


patients do not live long enough to develop such complica- 
tions. Identification of the vascular occlusion is often difficult, 
and indeed may be impossible when the critical ischemia is 
caused by spasm combined with a low perfusion state. 


CLINICAL COURSE. Bowel] infarction is an uncom- 
mon but grave disorder that imposes a 50 to 75% 
mortality rate. Constant awareness of the possibility of 
this catastrophe in high-risk individuals must be main- 
tained because prompt diagnosis and immediate surgery 
offer the only hope of cure. This condition tends to 
occur in older individuals, usually in their fifth and sixth 
decades, when cardiac and vascular diseases are most 
prevalent. Older diabetics are at particular risk. There 
is no particular sex predilection. Preexistent intra-ab- 
dominal disease with the potential of adhesions or 
torsion also increases the risk. The onset is heralded by 
the development of signs and symptoms clinically indis- 
tinguishable from those encountered in all “acute ab- 
domens,” whatever the cause. Characteristically, there 
is sudden onset of severe abdominal pain, nausea, 
vomiting, or sometimes diarrhea that may progress 
rapidly (within 24 to 48 hours) to frank shock. Soon 
after, peristaltic sounds diminish or disappear, and 
spasm to boardlike rigidity of the abdominal wall be- 
comes evident secondary to the development of acute 
peritonitis, as bacteria permeate the necrotic bowel 
wall.'! Because there are far more common causes for 
these manifestations, such as acute appendicitis, perfo- 
rated peptic ulcer, and acute cholecystitis, the diagnosis 
of intestinal gangrene is frequently delayed or missed. 
With the development of suppurative peritonitis, the 
downward course is extremely fulminating. Unless the 
condition is treated within the first 48 hours, death may 
follow from blood loss and shock, overwhelming infec- 
tion, or perforation of the intestine. 


MUCOSAL AND MURAL INFARCTION 


These patterns of ischemic injury have in the past 
been called acute hemorrhagic gastroenteropathy. 


Any level of the gut from stomach to anus may be 
involved. Freiman emphasizes that, unlike outright infarction, 
the ischemic injury appears to relate to hypoperfusion, 
damaging only the inner layers of the gut, while sparing the 
deeper levels of the muscularis and the serosa.’ 

The lesions may be widely distributed but strangely 
focal or segmental througnout the gastrointestinal tract, with 
a predilection for the small and large bowel. Before opening, 
affected segments of bowel may appear dark red or purple 
owing to the accumulated luminal hemorrhage. Notable, 
however, is the absence of hemorrhage, necrosis, or inflam- 
matory exudation involving the serosal surface, changes that 
are more typical of transmural infarction of the bowel wall. 
On opening the bowel lumen, there is hemorrhagic, ede- 
matous thickening of the mucosa, sometimes with superficial 
ulceration. Edema and hemorrhages may in some cases 
penetrate more deeply into the submucosa and muscular 
layers. As expected, the histologic findings range from 
vascular dilatations, associated with a few extravasated red 
cells, to hemorrhagic necrosis of the mucosa, more often 


Figure 18—26. Mucosal infarction of small intestine with hemorrhagic 
suffusion of lamina propria and superficial sloughing of surface at 
upper left. There is marked edema but no hemorrhage in nonin- 
farcted submucosa. 


superficial, but sometimes extending into the submucosa 
and superficial muscularis. 

As the terms “mucosal” and “mural infarction” are used 
here, the hypoxic damage may extend deeply, but by defi- 
nition the serosa is spared (Fig. 18-26). Bacterial superin- 
fection and the formation of enterotoxic bacterial products 
(p. 862) may induce superimposed pseudomembranous 
inflammation, particularly in the colon.’ Thus, the anatomic 
changes of mucosal and mural infarction, in some cases, 
may mimic ulceroinflammatory enterocolitis (p. 835) or pseu- 
domembranous enterocolitis (p. 862) of nonvascular origins. 


The pathogenesis of mucosal and mural infarction 
involves nonocclusive hypoperfusion of the intestinal 
tract. Why the resultant lesions are segmental and 
patchy remains unexplained. Shock, with its splanchnic 
vasoconstriction, is the most important underlying 
cause. Cardiac failure is another major cause. The 
common denominator in these settings is a reduction in 
the effective circulating blood volume, with shunting of 
blood to vital organs and away from the splanchnic bed. 
Infections may contribute by inducing vasomotor 
changes such as have been described in endotoxic shock 
(p. 113). Many patients have received digitalis and 
norepinephrine, and since both agents have vasocon- 
strictive effects, they may contribute to the perfusion 
deficit. In some cases, minute intramural thrombi have 
been found, possibly representing causative mecha- 
nisms. Alternatively, these vascular thromboses may be 
only secondary to the surrounding inflammatory reac- 
tion. 

The clinical onset is marked by abdominal pain, 
cramps, and bloody diarrhea, often with worsening of 
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the shock state. Although, up to now, most diagnoses 
of this condition were made at autopsy, it is now being 
recognized clinically. Should the low perfusion state be 
correctable, the acute mucosal and mural infarction is 
reversible and complete restoration of the bowel wall 
can occur, as evidenced by failure to find residual 
changes at a later date. 


Small Intestine 


INFECTIVE ENTEROCOLITIS 


Inflammatory diarrheal diseases of the bowel make 
up a veritable Augean stable of entities. Some are caused 
by microbiologic agents, including bacteria, viruses, 
fungi, protozoa, and helminths. Noninfectious causes 
such as ischemia, irradiation, uremia, cytotoxic drugs, 
and heavy metal poisoning may produce mucosal 
changes and diarrhea. In addition, such important idio- 
pathic conditions as Crohn’s disease and ulcerative 
colitis also cause severe ulceroinflammatory disease. Our 
consideration here is limited to those inflammations of 
the bowel caused directly by specific infective agents. 
To be considered later in separate discussions are 
Crohn’s disease, ulcerative colitis, and so-called pseu- 
domembranous enterocolitis, which, according to pres- 
ent evidence, is usually if not always caused by an 
exotoxin derived from Clostridium difficile. 

Insights have been gained recently from the study 
of mechanisms by which coliform enteropathogens cause 
diarrhea. Three attributes are of importance: (1) the 
capacity to invade; (2) enterotoxins, some of which are 
heat labile while others are heat stable; and (3) an 
adherence mechanism providing for binding of organ- 
isms to the mucosal lining. Whereas in many entero- 
pathogens these capabilities are transmitted by chro- 
mosomal DNA, with Escherichia coli they are encoded 
within plasmids, as detailed on page 318. Invasive 
organisms often induce mucosal ulcerations accom- 
panied by white cells or pus in the stools. Organisms 
such as particular strains of E. coli or Vibrio cholerae 
that release toxins cause diarrhea by activation of mem- 
brane-associated adenylate cyclase stimulating fluid and 
electrolyte secretion, inducing the time-honored “rice- 
water’ stools. With organisms capable of adherence, the 
pathogenesis of the diarrhea is obscure, but electron 
microscopy reveals a virtual carpeting of the mucosal 
surface by the causative agent. It is possible, therefore, 
to divide the diarrheal syndromes into two large patho- 
genetic categories: (1) those associated with enteroin- 
vasive organisms in which mucosal ulcerations often 
occur; and (2) those resulting from enterotoxins that, 
despite the functional derangement, are not associated 
with invasive mucosal ulcerations. 

Some of the microbial causes of diarrhea principally 
affect the small intestines (enteritis) and others princi- 
pally the colon, but in most instances there is consid- 
erable overlap. Whatever the main localization, the 
intestines respond with a limited range of reactions. 
Thus, many microbiologic agents produce nondistinctive 
morphologic changes that can be characterized as 
ulceroinflammatory, with the exception of the entero- 
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toxigenic agents (serotypes of E. coli and V. cholerae). 
Morphologic examination of the lesions, then, is of 
limited value -in establishing the specific etiology. From 
the clinical standpoint also, virtually all forms of inflam- 
matory disease of the bowel produce similar manifesta- 
tions, principally diarrhea, some with associated fever, 
while others are afebrile. Although a history of travel to 
some endemic focus of particular agents may raise leads 
for investigation, the establishment of the specific cause 
of a diarrheal inflammatory disease of the intestines 
requires a battery of diagnostic methods—bacterial and 
viral isolations; direct examination of exudate in stools 
and from lesions; radiographic studies; sigmoidoscopy 
and/or colonoscopy; and sometimes biopsy—to identify 
the causative agent. Indeed, only when all known causes 
of inflammatory bowel disease have been ruled out can 
the diagnosis of Crohn's disease or ulcerative colitis be 
entertained. Further, identification of a specific entero- 
pathogen is clinically important because they respond 
best to particular antibiotics, and because in many 
instances the use of antispasmodic drugs with slowing 
of the bowel transit time may aggravate the problem. 
Bowel infections may occur in previously healthy 
individuals, but are particularly serious in patients al- 
ready suffering from some disorder that lowers the 
normal defenses and thus predisposes to intestinal col- 
onization by organisms of even low virulence. Common 
settings are uremia, hypoperfusion states such as shock 
and cardiac failure, nonenteric infections requiring 
broad-spectrum antibiotic therapy, cancer under treat- 
ment by radiation or cytotoxic drugs, or some conditions 
requiring immunosuppressive therapy. The premature 


infant also is often predisposed to its own intestinal 


flora. Although in otherwise healthy adults these infec- 
tions are disturbing but not usually threatening incur- 
sions on the “joie de vivre,” in the predisposed they 
may lead to disseminated lesions in other organs and 
even death.'!© 

The major microbiologic offenders are listed in 
Table 18-3. With some the bowel disease is only one 


Table 18-3. MICROBIAL CAUSES OF DIARRHEAL DISEASE 


Bacterial invasive enterocolitis 
Campylobacter jejuni 
Escherichia coli (particular serotypes) 
Salmonella 
Shigella 
Tuberculosis 
Yersinia enterocolitica 
Aeromonas hydrophila 
Bacterial toxigenic enterocolitis 
Vibrio cholerae 
E. coli (particular serotypes) 
Viral (nonbacterial) enterocolitis 
Fungal enterocolitis 
Moniliasis 
Mucormycosis 
Enterocolitis caused by protozoa and metazoa 
Entamoeba histolytica 
Giardia lamblia 
Schistosoma mansoni 
Cryptosporidia 


component of a systemic disorder. In other instances 
the gastrointestinal involvement is the primary feature, 
sometimes having systemic ramifications. All these 
agents are discussed in detail in Chapter 8 and so only 
some general comments are offered, followed by a 
survey of the morphologic lesions. 


BACTERIAL ENTEROCOLITIS 


At the outset, food poisonings related to the inges- 
tion of preformed bacterial toxins should be differen- 
tiated from enteric infections. Improperly stored foods 
contaminated by Clostridium botulinum and Staphylo- 
coccus aureus permit the elaboration in vitro of potent 
enterotoxins that, when ingested, may cause a violent 
and sometimes fatal gastroenterocolitis or a self-limited 
mild disease, depending on dosage. Although the mu- 
cosal inflammatory changes can mimic the early invasive 
stage of bacterial infections, they are extremely acute 
intoxications. Usually they are not accompanied by 
ulcerations and promptly regress if the subject survives. 
Somewhat analogous enterotoxigenic bacteria that col- 
onize the gut may induce acute, sometimes severe, 
diarrheal syndromes despite the absence of mucosal 
defects. Among the invasive organisms, Campylobacter 
jejuni has emerged in the recent past as a major cause 
of enterocolitis. In one analysis of patients hospitalized 
for diarrheal disease, C. jejuni was identified in about 
8% of cases.’ Outbreaks of this infection in humans 
have mainly arisen from ingestion of contaminated food 
or water,'® The reservoir of infection is the gastrointes- 
tinal tract of wild and domesticated animals that man 
either eats, or contacts directly or indirectly. The se- 
verity of the disease ranges from a self-limited mild 
enterocolitis to severe recurrent disabling diarrhea that 
may mimic ulcerative colitis or Crohn’s disease. 

Specific serotypes of E. coli cited on page 318 have 
been identified as causes of diarrhea in infants and in 
adults who are exposed to organisms during foreign 
travel (traveler's diarrhea) to which they have not de- 
veloped immunity. Specific serotypes possess one or 
more of the three pathogenetic capabilities mentioned 
earlier.‘ Certain serotypes have receptors permitting 
them to adhere to epithelial cells and induce diarrhea 
without the elaboration of toxins or invasion of the 
mucosa.''® These organisms penetrate the surface gly- 
cocalyx, disrupt the microvillous brush border, and may 
cause blunting of the villi as well as a mild histiocytic 
infiltrate in the lamina propria, but it is not clear 
whether the diarrheal disorder is functional or due to 
damage to surface epithelial cells. Other “gram-nega- 
tive’ enteropathogens are the well-known Salmonella 
and Shigella. These are all food- and water-borne infec- 
tions that are frequently characterized by marked in- 
volvement of the small and large intestine. They are 
discussed in detail on page 319. 

Tuberculosis may involve the bowel as a primary 
gastrointestinal infection from ingestion of contaminated 
milk or milk products where control of bovine tuber- 
culosis is not rigorous. More often, enteric infections 


are secondary to the swallowing of organisms coughed 
up from a caseating pulmonary focus. The organisms 
invade the intestinal lymphoid tissues to produce, even- 
tually, ulcerations, as discussed on page 345. Although 
the granulomatous nature of the inflammation may 
strongly suggest the diagnosis, other disorders such as 
Crohn’s disease may also produce granulomas, and so it 
is necessary to identify the acid-fast bacilli in lesions or 
by cultural studies to establish the diagnosis solidly. 

Yersinia enterocolitica is a gram-negative coccoba- 
cillus that uncommonly produces enteric disease, prin- 
cipally in infants and children, which is very severe and 
potentially lethal.''! Extraintestinal sites of infection may 
appear with the enteric involvement such as pharyngitis, 
pericarditis, and peritonitis. 


With invasive organisms, all levels of the bowel from 
the stomach to the anus may develop ulceroinflammatory 
lesions requiring isolation of the specific offending agent for 
identification of the specific etiology. Some pathogens pref- 
erentially involve the small intestine, others the colon, and 
still others both levels. The macroscopic alterations with all 
enteric pathogens are extremely variable and range from 
focal areas of mucosal, edematous hyperemia to enlarge- 
ment of lymphoid tissues to excavated ulcerations (Fig. 18— 
27). Sometimes the inflammation is marked by pseudomem- 
brane formations that range from yellow-gray to more hem- 
orrhagic exudates to thus mimic clostridial pseudomembran- 
ous enterocolitis (p. 862). The distribution of such focal 
lesions is extremely variable. On occasion, only one rather 
long segment of bowel is affected. More often, there are 
multiple scattered lesions with intervening areas of unin- 
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Figure 18—27. Infective enterocolitis. Segment of colon showing 
pale granular inflamed mucosa with patches of coagulated exudate 
(black arrow). Compare with relatively normal mucosa (white arrow). 
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volved mucosa. The ulcerations may therefore be dispersed 
or sometimes virtually coalescent to denude large areas, 
reminiscent of severe ulcerative colitis (p. 860). The serosal 
surfaces juxtaposed to these lesions may be entirely normal 
or covered by serous, fibrinous, or hemorrhagic exudate. 

Some subtle microscopic differences may be noted 
among the various causative agents, but basically all induce 
acute-to-chronic inflammatory changes. Tubercle bacilli, as 
you know, evoke a characteristic granulomatous reaction. 
Salmonella are associated with striking hypertrophy of mono- 
nuclear phagocytes within lymphoid aggregates that some- 
times reveal phagocytized red cells. Campylobacter tends 
to produce granulomatous stellate ulcers. Nonetheless, more 
evidence must be derived from identification of the offending 
pathogen by culture of the stool or tissue lesions. Such 
substantiation is even more important since nonmicrobiol- 
Oogic agents may also produce inflammation and ulcer- 
ation of the bowel mucosa. Radiation enteritis may be 
associated with mucosal changes indistinguishable from 
those caused by bacteria. Ischemia leading to mucosal and 
mural infarction may at times mimic bacterial infection. 
Pseudomembranous enterocolitis is yet another entity that 
must be included in the differential diagnosis. And finally, 
the two major ulceroinflammatory disorders of the bowel— 
Crohn's disease and ulcerative colitis—must be brought into 
consideration. The differential diagnosis is almost as difficult 
anatomically as it is clinically. 

On occasion the ulceroinflammatory changes are con- 
fined to the anorectal region; this pattern of proctitis is 
particularly common: among male homosexuals. The caus- 
ative agents include Treponema pallidum, gonococci, chla- 
mydia, and herpes simplex. The enteric disease is distinctive 
by virtue of its localization, but Crohn’s disease also may 
induce only proctitis without involvement of more proximal 
levels of the gut. 


Small Intestine 


NONBACTERIAL GASTROENTEROCOLITIS 


Microbiologic agents other than bacteria—viruses, 
fungi, protozoa, and helminths—may induce clinical 
gastroenteric diseases, some of which are very common 
in underdeveloped parts of the world (e.g., schistosom- 
iasis)."'* Viral gastroenteritis is said to be second only 
to the common cold as a cause of illness in the United 
States. Only a few comments about these diseases are 
offered here to serve as a reminder of their existence; 
the specific offending agents are treated in greater detail 
in other sections of this book. Several groups of viral 
enteric pathogens are responsible for what is clinically 
termed acute infectious nonbacterial gastroenteritis. 
Parvovirus-like agents may produce disease in adults 
and reovirus-like agents in infants. More recently, the 
rotavirus has emerged as another cause of diarrheal 
disease, principally in infants and children, in whom 
rotaviral infection is so severe that strenuous efforts are 
being made to develop a preventive vaccine. !!° Although 
viral diarrheal diseases are generally transient and only 
temporarily incapacitating, they may be more serious 
and indeed fatal in infants and the malnourished, par- 
ticularly when concomitant bacterial or protozoal enteric 
infections are also present. 


Knowledge of the viral-induced morphologic changes is 
derived largely from biopsy studies of otherwise healthy 
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individuals, since fatal illnesses are usually complicated by 
bacterial infections. In nonfatal cases, frank necrosis and 
ulceration of the mucosa have not been observed. The major 
findings consist of shortening of the villi of the small intestine 
accompanied by an inflammatory infiltrate of neutrophils and 
mononuclear cells within the lamina propria. The surface 
absorptive cells have revealed a variety of abnormalities 
including vacuolation, shortening or loss of microvilli, and 
accumulation of increased numbers of lysosomes. Viral 
particles have not been identified within affected tissues in 
infections caused by the parvovirus-like agent, but they have 
been seen in disease caused by the reovirus-like agent.''* 
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Fungi—candida and mucormycetes—may invade 
the mucosa of the small or large intestine, but almost 
always as a consequence of fungemia in a terminally ill 
patient either immunosuppressed or dying of some 
debilitating disease. Wherever the organisms localize 
they induce focal to sometimes segmental areas of 
hyperemia, edema, superficial necrosis, deep ulcera- 
tions, and sometimes pseudomembranes. Further de- 
tails of these agents are offered in Chapter 8. 

The protozoa—Entamoebha histolytica and Giardia 
lamblia—are well-known causes of intestinal disease, 
also discussed in Chapter 8. In particular, amebiasis 
may induce extensive ulcerations, mainly in the large 
bowel, which require differentiation from nonspecific 
ulcerative colitis and bacteria-induced ulcerations. The 
much larger Schistosoma mansoni may also induce in- 
testinal lesions, as pointed out on page 388. 

It is evident that the bowel is the reluctant host to 
a large number of injury-producing agents, the full 
roster of which must be kept in mind in evaluating any 
patient or specimen with enteric inflammatory or diar- 
rheal disease. 


CROHN’S DISEASE (REGIONAL 
ENTERITIS) 


Crohn's disease is perhaps best described as a 
recurrent granulomatous, fibrosing inflammatory dis- 
order that usually affects the terminal ileum or colon, 
but may occur at any level in the gastrointestinal tract 
from mouth to anus (Fig. 18-28). Although primarily an 
enteric disorder, it appears to be systemic in distribu- 
tion. Lesions of Crohn’s disease have been observed in 
the skin, femur, striated muscle, and lung.!!> Moreover, 
many complications may accompany the bowel involve- 
ment such as arthritis (particularly sacroiliitis and an- 
kylosing spondylitis), uveitis, erythema nodosum, var- 
ious inflammatory changes in the liver, gallstones, and 
other extraintestinal changes.'!© These complications 
often improve or clear following resection of the diseased 
bowel, strongly suggesting a common etiology. Could 
immune complexes be involved? When first described 
in 1932 by Crohn and colleagues, it was thought that 
the bowel involvement was limited to the terminal 
ileum, and it was thus designated terminal ileitis. Later 
it was appreciated that sharply delineated segmental 
areas of the small bowel might be affected, leaving 
intervening, unaffected (“skip”) segments—hence the 
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Figure 18-28. Crohn’s disease of ileum. Close-up of a segment of 
thickened bowel wall. Note wooden pegs required to keep lumen 
exposed. 


designation regional enteritis. Since that time it has 
become apparent that any level of the enteric tract may 
be involved. Indeed, there is epidemiologic evidence 
that the intestinal distribution of the disease is shifting 
with increased involvement of the large bowel.'!” Anal- 
yses of large series of patients reveal that the terminal 
ileum is affected in 65 to 75% of cases, with concurrent 
involvement of the colon in half of these. The colon 
alone is involved in 20 to 30% of cases.'!* ''® The colonic 
involvement is often referred to as granulomatous colitis 
to distinguish it from ulcerative colitis, which is rarely, 
if ever, associated with a granulomatous inflammation. 

As will become clear, Crohn’s disease bears many 
similarities to ulcerative colitis, and a strongly held 
current view proposes that the two disorders are in 
reality a single “inflammatory bowel disease” with var- 
iable tissue reactivity to a common etiologic agent. 
Typically, Crohn’s disease is characterized by a granu- 
lomatous inflammatory reaction with through-and- 
through involvement of the thickness of the bowel wall. 
In approximately 40% of cases, however, granulomas 
are either poorly developed or totally absent. In con- 
trast, ulcerative colitis is a nonspecific inflammatory 
response limited largely to the colonic mucosa and 
submucosa. Nonetheless, the two conditions have in 
common the following features:: 

1. The colon is frequently affected in Crohn's dis- 
ease and is invariably involved in ulcerative colitis. 

2. Rarely, patients with total colonic involvement 
in ulcerative colitis may develop a so-called “backwash 


ileitis.” Thus, both conditions may cause changes in the 
small intestine. 

3. Patients with Crohn’s disease often have close 
relatives with ulcerative colitis, and vice versa.!° 

4, When there is no granulomatous reaction in 
Crohn’s disease of the colon, the two lesions may 
resemble each other, not only clinically but also patho- 
logically. 

5. There are many epidemiologic similarities be- 
tween the two diseases, including age, race, sex, and 
geographic distribution. 

6. The same extraintestinal complications (already 
mentioned) occur in both conditions. 

7. The cause or causes of both ulcerative colitis 
and Crohn’s disease are unknown, but current studies 
suggest many possible etiologic parallels. 

8. Both conditions are associated with an increased 
frequency of colonic carcinoma. 

For these many reasons, the two conditions are 
often referred to by the generic designation inflamma- 
tory bowel disease, an unfortunate (but historically 
sanctified) practice since, as you know, there are many 
other forms of inflammatory bowel disease (p. 833). 
However, the putative etiologic parallels justify consid- 
eration of the origins of Crohn’s disease and ulcerative 
colitis together. 

EPIDEMIOLOGY. Crohn’s disease occurs throughout 
the world. There are, however, striking differences in 
incidence; for example, it is much more frequent in the 
United States, Britain, and Scandinavia than in Japan, 
the U.S.S.R., and the South American nations. More- 
over, the incidence is on the increase in high-risk 
countries. It occurs at any age but most often is first 
detected in the second decade of life. A minor peak 
occurs in the elderly. Females are affected slightly more 
often than males. Whites develop the disease two to 
five times more often than nonwhites, but diagnostic 
facilities and case finding may play some role. In the 
U.S., regional enteritis occurs three to five times more 
often among Jews than among non-Jews. 

Because there are many hints that immunologic 
mechanisms play a role in the initiation or perpetuation 
of Crohn's disease (and ulcerative colitis), an intensive 
search has been made for genetic markers that might 
identify individuals having a particular immunoconsti- 
tution rendering them more vulnerable. The results, on 
the whole, have been confusing. In about 15 to 40% of 
cases, multiple members of a family have Crohn’s dis- 
ease, or sometimes ulcerative colitis.!?° There are occa- 
sional instances of disease in both monozygotic twins. '”' 
No well-defined HLA associations have been identi- 
fied.'”? An older observation that patients with Crohn's 
disease complicated by a form of vertebral arthritis 
known as ankylosing spondylitis have an increased fre- 
quency of HLA-B27 is now recognized to relate to the 
ankylosing spondylitis alone. The most provocative find- 
ing to date derives from a kindred study containing five 
pairs of siblings affected with regional enteritis: four 
shared both haplotypes and one shared only one hap- 
lotype.'” Immunologic vulnerability might then be 
linked to specific immunoregulatory genes. In summary, 
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there are hints of genetic predisposition but the findings 
are inconclusive. Virtually identica] statements will be 
made about ulcerative colitis. 

ETIOLOGY AND PATHOGENESIS. Since the origins of 
Crohn's disease and ulcerative colitis have revealed a 
great many similarities, it is reasonable to consider the 
etiology and pathogenesis of both conditions together, 
employing the commonly used term “inflammatory 
bowel disease” (IBD). 

Theories about the origins of IBD can be divided 
into three groups: (1) those invoking an infectious agent; 
(2) those contending that immunologic mechanisms in- 
itiate or perpetuate the condition; and (3) an assortment 
of concepts implicating psychosomatic, dietary, vascular, 
traumatic, hormonal, and other mechanisms. Currently 
favored theories fall with the first two groups. 

Many microorganisms have been hailed as putative 
causes of IBD, but to date none has been confirmed. 
The volumes of writing on this line of investigation 
permit only an overview, but excellent reviews are 
available.'!> !4 15 Impetus for a microbiologic etiology 
was provided by a report in 1970 that cell-free filtrates 
prepared from Crohn’s tissue, when inoculated into the 
footpads of mice, would induce granulomas. '** The same 
investigators then reported that filtrates from either 
Crohn's disease or ulcerative colitis, when inoculated 
into the abdominal cavity of rabbits, would induce 
inflammatory bowel disease, suggesting an organ spec- 
ificity for the causative agent.'?’ It appears likely, how- 
ever, that the inflammatory reactions are secondary to 
xenotropic tissue antigens, since inoculation of rabbits 
with normal human bowel homogenate has been shown 
to produce inflammatory changes resembling the gran- 
ulomas of Crohn’s disease. However, such studies do 
not rule out a putative transmissible agent, and indeed 
a number of organisms have been implicated, so many 
as to cast doubt on all. 

Viruses—rotavirus, Epstein-Barr virus, cytomega- 
lovirus, and uncharacterized RNA intestinal cytopathic 
viruses—continue to be favored candidates.'*®> Without 
reviewing all the evidence, it suffices to note that 
ultrafiltrates of tissue of Crohn's disease and ulcerative 
colitis are cytopathic when introduced into tissue cul- 
tures of mucosal epithelial cells, and virus-like particles 
have been observed in the dying cells.!”? Attempts to 
isolate the cytopathic agent suggest that in Crohn’s 
disease it is a small RNA virus variously classified as 
ECHO-27, reovirus, rotavirus, or uncertain. Electron 
and immune electron microscopic studies, however, 
have failed to reveal viral particles in lesions,'’° and 
attempts to culture viruses from diseased bowel have 
largely failed or revealed merely passenger agents. 
Bacteria have also been implicated in the causation of 
the IBD, including Pseudomona-like organisms, enteric 
anaerobes, cell wall—defective Mycobacterium kansasii, 
chlamydia, and Yersinia enterocolitica, but proof of their 
roles is still lacking.!** '°! The search for an infectious 
etiology for IBD continues, but at present no organism 
has been substantially implicated. 

A mountain of evidence points to immunologic 
derangements in IBD, but whether they are causal or 
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secondary phenomena is unclear. Antibody-mediated 
mechanisms, cell-mediated reactions, and immunologic 
deficiencies all have their champions. At one time there 
was great enthusiasm for the notion of antibody against 
E. coli—particularly 014—lipopolysaccharide antigens, 
which cross-reacted with intestinal cell antigens to thus 
cause damage. However, efforts to demonstrate such 
cross-reacting antibodies in the lesions themselves have 
largely been unsuccessful. A specific anticolon antibody 
that does not cross-react with E. coli has been described 
in diseased tissues, and increased synthesis of IgG has 
been documented in mucosal lymphoid cells derived 
from diseased segments of bowel. !* 3 However, there 
does not appear to be any clear correlation between the 
level of these antibodies and the activity of the under- 
lying disease. Moreover, IBD may occur in individuals 
with agammaglobulinemia, and ultimately none of these 
antibodies is regularly with effect in tissue culture. 

Attempts to relate circulating immune complexes to 
the intestinal lesions have also heen discouraging. How- 
ever, they may play some role in the causation of the 
extraintestinal lesions associated with IBD. Attention 
has also been directed to the possibility that an anaphy- 
lactoid hypersensitivity reaction mediated by IgE might 
release vasoactive substances from mast cells in the 
bowel wall, and thus cause edema of the bowel wall to 
impair the normal barrier function of the mucosa. An 
increasing number of mast cells and basophils in speci- 
mens of Crohn's disease have been described.'* How- 
ever, IgE concentrations in serum are not consistently 
elevated, and immunofluorescent counts of IgE-contain- 
ing immunocytes in diseased segments of bowel have 
yielded extremely variable results ranging from de- 
creased to increased numbers.’ The case for antibody- 
or immune complex-mediated mechanisms is at best not 
strong. 

Cell-mediated immunologic damage is an attractive 
hypothesis because lymphocytes and macrophages are 
so numerous in the lesions of IBD. Various studies have 
documented circulating T cells sensitized to a number 
of colonic and bacterial antigens, but it remains to be 
proved that the T cells are cytotoxic to bowel epithe- 
lium.'*° Collaboration between humoral antibodies and 
K cells might induce so-called antibody-dependent cel- 
lular cytotoxicity (ADCC). Indeed, it has been shown 
that K cells are cytotoxic in vitro to colonic epithelial 
cells when the IgM fraction of serum from patients with 
colitis is introduced into the culture. However, there is 
poor correlation between antibody-dependent cellular 
cytotoxicity and the activity of the disease. A slightly 
different approach suggests that some immunologic de- 
ficiency leads to uncontrolled exaggerated reactions to 
a variety of bowel antigens resulting in mucosal damage. 
Indeed, there are hints of some immunodeficiency with 
Crohn's disease, such as impaired synthesis of IgA in 
the bowel mucosa or macrophage incompetence.'*’ The 
litany regarding immune mechanisms could be extended 
almost indefinitely, but the reasonable conclusion to be 
drawn from all the evidence has been well summarized 
by Sachar:'* “We can conclude that (IBD) probably 
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induces immune aberrations in the host and that the 
inflammatory reactions may even be mediated in part 
via immune effector pathways. To date, however, the 
case for the primary pathogenetic role of immunologic 
factors in IBD remains unproved. ” 

The many other etiologic theories are all too poorly 
substantiated to merit detailed mention. Psychosomatic 
factors have long been invoked because certain person- 
ality types—immature, dependent, passive—often suf- 
fer from a so-called “irritable colon.” But there is no 
evidence that such emotional bowel disturbances lead 
to organic disease. Food allergies, primary vascular 
disease within mural small arteries or arterioles, and 
chronic trauma have all received their share of attention 
but at present are not given credence as pathogenetic 
mechanisms. Prostaglandins have come to the forefront 
with reports of elevated PGE, levels in colonic venous 
blood and rectal mucosa in patients with ulcerative 
colitis.“°* However, prostaglandins are known to be 
mediators of inflammatory reactions, and thus increased 
levels might merely be epiphenoma. Therefore, despite 
the plethora of theories, the causation of IBD remains 
unknown. 


MORPHOLOGY. Although there are many morphologic 
similarities between the two conditions, Crohn’s disease 
differs sufficiently from ulcerative colitis (discussed on p. 
859) to merit separate consideration. 

One of the most distinctive macroscopic features of 
Crohn's disease is the sharp demarcation of the segmen- 
tal bowel involvement, which may occur, as mentioned, 
in any level of the enteric tract. In its classic form, 15 to 
25 cm of the terminal ileum is affected. Sometimes, several 
sharply demarcated diseased segments are separated by 
normal bowel, producing what are called “skip” lesions, a 
distribution not found in ulcerative colitis. The usual distri- 
bution of these involvements in the small and large intestine 
was cited earlier, but first the small intestinal changes will 
be described. Early Crohn’s disease is marked by rubbery, 
edematous, hyperemic thickening of the small intestinal wall. 
At this stage the mucosa may show only minute hyperemic 
(“aphthoid”) ulcerations closely resembling canker sores.'* 
As the disease evolves to the classic stage, the diseased 
segment becomes thickened and inflexible and has been 
likened to a lead pipe or rubber hose. The serosal surface 
is granular and dull gray, and often the mesenteric fat 
“creeps up” over the bowel surface, so that the gut may 
seem virtually buried. The mesentery of the involved small 
intestinal segment is also thickened, edematous, and some- 
times fibrotic. The striking inflexibility and fibrosis of the 
bowel wall tend to maintain the cylindrical shape even after 
the bowel is opened, so that it must be propped open for 
inspection. The lumen is almost always narrowed; this is 
evidenced on x-ray as the “string-sign,” a thin stream of 
barium. Close examination of the opened bowel reveals 
separation of the usual anatomic layers by gray, gritty, 
fibrous tissue, which classically involves mainly the submu- 
cosal and subserosal zones. Varying degrees of mucosal 
edema, ulceration, and sloughing are found. Commonly, the 
ulcers are long and serpentine (Fig. 18-29). Often they are 
extremely narrow fissures and can be virtually hidden 
between the folds of the mucosa. In chronic cases, the 
ulcers or fissures may penetrate deeply to form fistulous 
tracts with other loops of bowel. In other instances, penetra- 


Figure 18-29. Regional enteritis of distal ileum demonstrating 
fibrosis and thickening of wall as well as long, serpentine, pale 
ulcerations of mucosa. 


tion of the wall of the small intestine may create abscesses, 
either within the peritoneal cavity or within the mesenteric 
fat. 

When present, the distribution of the colonic involve- 
ment, referred to as granulomatous colitis, is extremely 
variable.'*° Most often the cecum and a portion of the right 
colon are affected in continuity with ileal involvement. In 
other instances, isolated or multiple segments are diseased, 
sometimes producing “skip” lesions similar to those in the 
small bowel. The colitis may be limited to the descending 
colon, sometimes extending into the sigmoid. It should be 
particularly noted that the rectum is diseased in about half 
of all patients with colonic involvement—either in continuity 
with left-sided colitis or sometimes as a “skip” lesion. In a 
small percentage of patients the involvement is restricted to 
the anorectal region, and in the most severe expression of 
granulomatous colitis the entire large bowel is affected. It is 
obvious that virtually any distribution may be encountered. 
Typically, the macroscopic changes are almost identical with 
those described in the small intestine, complete with trans- 
mural fibrosing inflammation, linear fissures, thickening of 
the bowel wall, and sometimes narrowing of the lumen. It is 
the “skip” lesions, the thickening of the bowel wall, and 
the tendency for the ulcerations to form fissures that 
most sharply distinguish granulomatous colitis from 
ulcerative colitis, macroscopically. However, in some 
instances there is less fibrotic thickening and the inflamma- 
tion is more limited to the mucosa and submucosa, closely 
mimicking ulcerative colitis. Indeed, most experts concede 
that in 10 to 20% of cases it is impossible to discriminate 
granulomatous from ulcerative colitis.'*’ Whatever the gross 
appearance, the colonic changes in Crohn's disease may 
be complicated by perforation, fistulas, pericolonic ab- 
scesses, and perianal and perirectal sepsis. 

The most characteristic histologic features of 
Crohn’s disease are (1) transmural inflammation (in the 
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form of chronic inflammatory infiltrates and fibrosis) 
affecting all layers to the serosa, (2) noncaseating gran- 
ulomas resembling those of sarcoidosis, (3) dilatation 
or sclerosis of lymphatic channels, and (4) lymphoid 
aggregates (sometimes with germinal centers) in all 
levels of the bowel wall. The granulomas, however, are 
absent or not well developed in approximately 40% of cases. 
From the inside out, there is -variable ulceration and destruc- 
tion of the mucosa, marked submucosal fibrosis with chronic 
inflammatory reaction, relative preservation of the muscu- 
laris, and, again, marked subserosal fibrosis with chronic 
inflammatory changes (Fig. 18-30). The inflammatory re- 
sponse in the mucosal ulcerations is entirely nonspecific and 
is largely composed of neutrophils, lymphocytes, macro- 
phages, and plasma cells.'*? The preserved mucosa between 
the ulcers often shows a diffuse nonspecific inflammation 
with flattening of the villi and active goblet cell secretion 
(Fig. 18-31). More important, atypical metaplasia and dys- 
plasia of epithelial cells may be present not only close to 
ulcerations, but also in intervening areas. Within the sub- 
mucosal and subserosal zones, the inflammatory foci of 
mononuclear cells are often aggregated into lymphoid folli- 
cles, and some of these contain well-formed, sarcoid-like 
granulomas (Fig. 18-32). The resemblance to sarcoid is 
complete with the production of multinucleated giant cells, 
some of which contain Schaumann bodies. However, even 
when these granulomas are missing from some cases, 
regional enteritis must still be diagnosed histologically on 
the basis of the other changes described. Similar chronic 
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Figure 18-30. Low-power view of marked inflammation, thickening, 
and ulceration caused by regional enteritis. Foci of inflammatory 
cells are evident at points distant from the ulceration. Note width of 
submucosa. 
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Figure 18-31. A, Scanning electron micrograph of normal ileal mucosa with thin, finger-shaped villi 
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and mucus secretion exuding from goblet cell orifices. B, Uninvolved, nonulcerated mucosa of Crohn's 
disease with complete flattening and fusion of surface villi. More goblet cell orifices are visible, actively 
secreting mucus. (Courtesy of Dr. A. M. Dvorak, Beth Israel Hospital, Boston.) 
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Figure 18-32. Serosal surface of a segment of bowel involved by 
regional enteritis, illustrating foci of chronic inflammatory cells, which 
sometimes contain central granulomatous responses resembling 
sarcoid. 


inflammatory changes, often replete with granulomas, affect 
the regional nodes of drainage. The precise stimulus to this 
granuloma formation remains unclear. It is logical to assume 
that it reflects some form of T-cell hypersensitivity, and 
increased levels of lysosomal enzymes have been found in 
these foci, suggesting released cellular antigens as the 
immunologic trigger.'*° 

A variety of additional nonspecific structural and ultra- 
structural changes have been described. Villi are shortened, 
thickened, and fused, and the microvilli often show budding 
of their tips along with necrosis of individual epithelial cells. 
These same changes may appear in contiguous, apparently 
uninvolved bowel. An increased number of mast cells, some 
degranulated, can often be observed sometimes in proximity 
to eosinophils, suggesting some role for vasoactive and 
immunologic mechanisms in the production of the lesions. 
There is active mucus secretion in both involved and unin- 
volved mucosa.'“* 

The histologic changes in granulomatous colitis conform 
to those cited previously. Fibrosis and thickening tend to be 
less severe and do not cause the marked stenosis seen in 
the small intestine. This aifference in macroscopic appear- 
ance may merely reflect differences in the size of the lumina 
and in the vascular and lymphatic supply of these two levels 
of the gut. Sarcoid-like granulomas, complete with multinu- 
cleated giant cells, are also present in the colon, justifying 
the designation granulomatous colitis.'** Anal lesions may 
take the form of an indolent ulcer or fissure, which sometimes 
penetrates deeply to produce a fistula. Here again, the 
histologic changes are those seen in the upper levels of the 
gut, including granuloma formations sometimes enclosing 
multinucleated giant cells. 


CLINICAL Course. The clinical manifestations of 
Crohn’s disease are extremely variable. The disease 


usually begins with intermittent attacks of relatively 
mild diarrhea, fever, and right lower quadrant or some- 
times periumbilical abdominal pain. These attacks are 
spaced by asymptomatic periods lasting for weeks to 
many months. In those with colonic involvement, the 
pain may be localized to the left lower quadrant or 
lower abdomen. The manifestations are often present 
for several years before the diagnosis is established. 
Often the attacks are precipitated by periods of physical 
or emotional stress. As pointed out earlier, emotional 
influences are not thought to have any role in the 
initiation of the disease, but they may contribute to 
flareups. Occult or overt (in those with colonic involve- 
ment) blood in the stool may lead to anemia over the 
span of time, but massive bleeding is uncommon. In 
about one-fifth of the patients the onset is more abrupt, 
with acute right lower quadrant pain, fever, and diarrhea 
sometimes suggesting acute appendicitis or an acute 
bowel perforation. 

Whatever the onset, the course of the disease 
includes progressive fluid and electrolyte losses, weight 
loss, and weakness. A number of problems may appear 
during this lengthy, chronic disease. Fibrosing stric- 
tures, particularly of the terminal ileum, may lead to 
intestinal obstruction. Fistulas—to other loops of the 
bowel, to the urinary bladder, perirectal, or into a 
peritoneal abscess—develop in about 10 to 15% of cases. 
Extensive mucosal involvement may cause marked loss 
of albumin (protein-losing enteropathy); generalized 
malabsorption; specific malabsorption of vitamin B,o, 
with consequent pernicious anemia; or malabsorption 
of bile salts, leading to steatorrhea. Migratory polyar- 
thritis, sacroiliitis, ankylosing spondylitis, erythema no- 
dosum, or clubbing of the fingertips may appear, some- 
times even before bowel symptoms ‘appear. Uveitis, 
nonspecific mild hepatic pericholangitis, and renal dis- 
orders secondary to trapping of the ureters in the 
inflammatory process sometimes develop. An increased 
incidence of gallstones has also been noted in these 
patients. Rarely (1%), systemic amyloidosis is a late 
consequence. Overshadowing all these complications is 
the now well-documented increased incidence of cancer 
of the gastrointestinal tract in patients with Crohn's 
disease. Most of these cancers arise in diseased segments 
of the gut probably from dysplastic epithelial cells.'* 
Similarly, the incidence of colorectal cancer in patients 
with granulomatous colitis is several times greater than 
in a control population. Mysteriously, however, there 
is an excess of cancers of the gastrointestinal tract in 
areas not involved with Crohn’s disease and sometimes 
quite remote from affected segments of the bowel, such 
as the oral cavity, esophagus, and stomach. '*’ Whether 
there is an excess of extraintestinal cancer is not clear 
at present. The risk of complicating gastrointestinal can- 
cer appears to be correlated with the ‘duration of the dis- 
ease, but it begins to become evident within ten years 
of onset. However, it is much less substantial than with 
chronic ulcerative colitis. Thus, Crohn's disease, al- 
though primarily affecting the gut, emerges as a systemic 
disorder with wide-ranging implications, including a 
predisposition to cancers of the entire enteric tract. 
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Small intestine 


TUMORS OF SMALL INTESTINE 


It is one of the enigmas of medicine that tumors of 
the small intestine, both benign and malignant, are such 
rarities. Although the small bowel represents 75% of 
the length of the entire gastrointestinal tract, neoplasms 
in this location account for only 3 to 6% of all gastroin- 
testinal tumors. Numerous explanatory theories—all 
speculative—have been proposed, including: rapid 
transit-time, permitting only brief exposure of the mu- 
cosa to possible carcinogens; low mechanical irritation 
because of the fluidity of small intestinal contents; a 
high concentration of IgA, which might maintain a level 
of immunosurveillance; and a low bacterial population, 
resulting in the formation of fewer carcinogenic com- 
pounds. '** #9 Neoplasms of the small intestine are usu- 
ally difficult to diagnose clinically because they are so 
uncommon and because the fluidity of the intestinal 
contents prevents obstructive symptoms. In most series, 
malignant tumors are slightly more common than be- 
nign, in a ratio approximating 1.5:1. 


BENIGN 


_ Most benign tumors of the small intestine are 
discovered only at postmortem examination, or inciden- 
tally in the course of radiographic studies of the small 
bowel for other reasons. However, large lesions may 
produce partial or intermittent obstruction, bleeding, 
intussusception, and volvulus. Leiomyomas are gener- 
ally the most common form, followed in descending 
order of frequency by lipomas, adenomas (polyps), 
angiomas, and fibromas. Since most of these neoplasms 
are identical to their counterparts in other locations, 
they require no further description. Only adenomatous 
polyps justify a few words. They may occur singly or 
multiply, most often in the duodenum and ileum. 
Morphologically, they resemble those occurring in the 
stomach and colon (p. 864), and range from peduncu- 
lated adenomas to sessile villous adenomas with the full 
spectrum of intergrades.' The larger adenomas, partic- 
ularly those having villous features like those in the 
colon, often undergo malignant transformation; in one 
series of 51 pedunculated and sessile adenomas, 33 
contained foci of carcinoma.! Thus, sporadic polyps of 
the small intestine, although rarities, are ominous le- 
sions. Multiple pedunculated polyps may appear in the 
small intestine in familial multiple polyposis (p. 867) 
and in-the Peutz-Jeghers syndrome (p. 868). 


MALIGNANT 


As stated earlier, cancers are very uncommon in 
the small intestine, but they are more prevalent than 
benign tumors. More than half arise in the ileum.” '” 
Either endocrine cell tumors (argentaffinomas) or lym- 
phomas are the most frequent forms of cancer in the 
small intestine, followed in order by adenocarcinomas 
and leiomyosarcomas. Rhabdomyosarcomas, liposarco- 
mas, angiosarcomas, fibrosarcomas, and neurogenic sar- 
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comas are all exceedingly uncommon. Lymphomas in 
the small intestine are identical both morphologically 
and clinically to those encountered in other segments 
of the gastrointestinal tract, and are described on page 
826. 


Endocrine Cell Tumors (Argentaffinomas, 
Carcinoids) 


Argentaffinomas, as they have been called for some 
time, may arise in such diverse sites as the breast, 
thymus, liver, gallbladder, lung, ovary, and urethra, 
but most are primary in the gastrointestinal tract any- 
where from mouth to anus. In all sites of origin they 
have a remarkably constant banal histologic appearance, 
but nonetheless many invade and metastasize. Because 
it takes years for such cancerous behavior to be ex- 
pressed, they have been called “malignant neoplasms 
in slow motion” or carcinoma-like—hence the name 
“carcinoids.”!* They arise from endocrine cells in the 
gut, known as Kulchitsky cells or enterochromaffin cells 
(because of an affinity for chrome salts). With this 
endocrine origin, the neoplastic cells of carcinoids usu- 
ally contain secretory granules that have an affinity for 
soluble silver salts and are readily visualized in electron 
micrographs (Fig. 18-33). The cells in some neoplasms 


cell tumor (argentaffinoma) revealing prominent membrane-bound 


dense-core neurosecretory granules (arrows) (approximately 
6000 x). (Courtesy of Dr. John Godleski, Brigham and Women’s 
Hospital, Boston.) 


can directly deposit soluble silver salts to which they 
are exposed—hence the designation “argentaffinoma. © 
Sometimes an exogenous reducing agent is required; 
such neoplasms are referred to as argyrophilic. How- 
ever, some tumors, perhaps because they are less well- 
differentiated, are both argentaffin and argyrophil neg- 
ative.'*! Most of these neoplasms are capable of elabo- 
rating a variety of amine and peptide products— 
histamine, serotonin, 5-hydroxytryptophan, ACTH, kal- 
likrein, and sometimes prostaglandins. Some of these 
products may induce systemic manifestations known as 
the carcinoid syndrome. The ability of the cells to 
synthesize, store in secretory granules, and secrete 
polypeptides and amines has led to the inclusion of 
these neoplasms in the larger family of APUD tumors, 
to which our attention must now be directed. 

Pearse, in 1969, was the first to recognize that a 
widely distributed system of interrelated endocrine cells 
all shared common cytochemical, ultrastructural, and 
biosynthetic features, and he further proposed that all 
had similar embryologic origins.’ The principal distin- 
guishing feature of these cells is their capacity for amine 
precursor uptake and decarboxylation (APUD cells) with 
the synthesis of bioactive amines or polypeptide hor- 
mones. Approximately 40 different cell types, distrib- 
uted throughout many organs, share this biosynthetic 
function, and so belong to the APUD system. Major 
sites of localization of these cells are the hypothalamus, 
pituitary, adrenal medulla, and C cells of the thyroid, 
as well as the endocrine cells of the gastrointestinal 
tract, pancreatic islets, and lung.’ Tumors derived 
from these cells are currently called APUDomas, 
whether benign or malignant (Table 18-4). Because 
hyperplasia of these cells also produces similar endocri- 
nopathies, they too are somewhat inappropriately 
termed APUDomas.’*” Thus, endocrine cell tumors or 
argentaffinomas are often designated “carcinoid APUD- 
omas. 

Central to the conception of the APUD system was 
the belief that all the dispersed cells were derived from 
neuroendocrine-programmed epiblast that migrated 
during early embryogenesis to the various widely scat- 
tered sites. In support of this concept was the evidence 
that APUD cells elaborated many of the polypeptides 
produced by ganglion cells in the brain and peripheral 
ganglia as well as adrenal medullary cells.'** Additional 
supportive cytochemical evidence is the presence of 
neuron-specific enolase (a glycolytic enzyme of neurons) 
in cells of all types of APUDomas.'** However, many 
have challenged this unitary concept and contended that 
some neuroendocrine cells of the gut, pancreas, and 
lung are of endodermal origin, and further that not all 
tumors elaborating polypeptide hormones are necessar- 
ily of neuroendocrine origin—recall the well-known 
capabilities of neoplasms to elaborate ectopic hor- 
mones.'™ 6! Thus, the controversy continues to bubble, 
but the APUD concept is useful to explain a group of 
neoplasms having many cytochemical and secretory 
similarities whatever their origins. !© 

Just as the number of cells included within the 
APUD system has vastly expanded, so has the concep- 


Table 18—4. APUD CELLS, APUDOMAS, AND ECTOPIC 
POLYPEPTIDE HORMONES PRODUCED BY APUDOMAS 


Cell Putative Tumor Ectopic Hormone 

Hypothalamic None identified 

neurosecretory 

Pinealocyte Pinealoma Unknown 

Adenohypophyseal* _ Pituitary adenoma Unknown 

Autonomic neuron Neurocytomat ACTH; vasoactive 
intestinal peptide 
(VIP) 

Chromaffin Pheochromocytoma ACTH; follicle- 
stimulating 
hormone; 
calcitonin (CT); 
insulin 

Carotid-body and Paraganglioma; ACTH; CT 

other para- chemodectoma 
ganglion cells 

Thyroid C Medullary ACTH; insulin 

carcinoma of 
thyroid 

Bronchial Kulchitsky Bronchial carcinoid; © ACTH; ADH; CT; 

oat cell carci- glucagon; insulin; 
noma growth hormone; 
prolactin 

Gastrointestinal Intestinal carcinoid ACTH; ADH 

endocrine 

Pancreatic islet Islet cell tumor ACTH; ADH; VIP 

Melanocyte Melanoma ACTH; gastrin 


*ACTH, melanocyte-stimulating, somatotropic, and prolactin cells. 
+Neuroblastoma, ganglioneuroblastoma, and ganglioneuroma. 

From Tischler, A. S., et al.: Neuroendocrine neoplasms and their cells of 
origin. N. Engl. J. Med. 296:920, 1977, BY permission of The New England 
Journal of Medicine. 


tion of the physiology of the APUD system.’ It now 
appears that APUD cell-derived peptides play important 
roles in diverse metabolic processes. Some may function 
as neural transmitters, and others have important sys- 
temic effects on the vascular system. For example, 
insulin, glucagon, growth hormone, and epinephrine, 
all derived from APUD cells, play roles in glucose 
metabolism. At least seven of these peptide hormones 
have been identified in the central and gut nervous 
systems—substance P, somatostatin, vasoactive intes- 
tinal peptide, enkephalin, bombesin, neurotensin, and 
cholecystokinin-gastrin. Some of these hormones, such 
as vasoactive intestinal peptide, long thought to be only 
a gastrointestinal hormone, may also function as neu- 
rotransmitters.' Conversely, the brain neurotransmit- 
ters—enkephalin, bombesin, and neurotensin—have 
been discovered to be present in the gut and pancreas.“ 
Such observations help to explain why a patient with a 
glucagonoma of the pancreas developed severe neuro- 
logic involvement, which responded to chemotherapy 
for the pancreatic lesion.’© It is highly unlikely that the 
full complexity of the APUD system has yet emerged. 
Against this background, we can return to the endocrine 
cell tumors. 


MORPHOLOGY. In an analysis of a large series of 
patients with these neoplasms, the distribution was as fol- 
lows: appendix, 35%; small bowel, 25%; rectum and recto- 
sigmoid, 12%; colon (except appendix), 7%; esophagus and 
stomach, 2%; lungs and bronchi, 14%; and other sites, 
5%.'* Multiple endocrine cell tumors have been variously 
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Small Intestine 


reported as occurring rarely or in as many as 20 to 30% of 


these patients. Most often, multiple primaries are all located 
within the small intestine, presumably related to the large 
number of endocrine cells scattered throughout this segment 
of the gut. Within the gastrointestinal tract, extra-appendiceal 
carcinoids usually appear as small, round, or plaquelike 
submucosal elevations up to 4 to 5 cm in diameter, but 
commonly under 3 cm (Fig. 18-34). The overlying mucosa 
is usually intact, and in many instances the lesion is decep- 
tively mobile and unattached to the underlying muscularis. 
Some are obviously bound to the underlying muscularis. 
Rarely, they become large, ulcerating, or polypoid growths. 
Sometimes, penetration of the bowel wall can be discerned, 
with extension into the mesentery of the small intestine or 
perirectal tissue. Appendiceal carcinoids, in contrast, are 
generally small nodules situated near the tip, 1 to 2 cm in 
diameter. These, too, may extend through the muscularis to 
the appendiceal serosa. Classically, all gastrointestinal car- 
cinoids are yellow-gray on transsection, but they may not be 
distinctive from other types of neoplasms. For reasons that 
are unclear, appendiceal carcinoids rarely metastasize, 
but extra-appendiceal lesions may spread to regional 
nodes, liver, lungs, and bones. 

Histologically, the typical pattern is that of solid nests of 
cells separated by a delicate, connective tissue framework. 
Occasionally, there is a tubular, acinar, or rosette-like ar- 
rangement of cells. The individual cells have a striking 
resemblance to each other, with a monotony of cell and 
nuclear size and shape (Figs. 18-35 and 18-36). The 
nuclei are round to oval and deeply chromatic with fine 
stippling throughout. Abundant cytoplasmic secretory gran- 
ules are usually present and stain red with eosin, yellowish- 
brown with chrome salts, black with iron-hematoxylin, and 
sometimes metallic black with silver salts.'*° As mentioned 
earlier, reactivity with silver salts when present is a distin- 


Figure 18-34. Multiple small polypoid endocrine cell tumors in small 
intestine. 
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Fig. 18-35 


Figure 18-35. Endocrine cell tumor of appendix. Low-power view taken from one margin of tumor in 
contact with muscularis. Characteristic pattern of growth and invasion of wall is evident. 

Figure 18-36. Close-up of cellular detail to show uniformity of nuclear size and shape and growth 
pattern. 


guishing feature of endocrine cell tumors, but it is extremely 
variable. In general, foregut tumors (bronchus, stomach, 
biliary system, and pancreas) are either argyrophilic or 
nonreactive. Midgut lesions (small bowel, appendix, cecum, 
and right colon) are usually argentaffin positive and hence 
also argyrophil positive, whereas hindgut lesions (left colon, 
sigmoid, and rectum) yield variable results with both argen- 
taffin and argyrophil reactions. With the electron microscope, 
the secretory granules can be seen to contain a dense core 
of variable shape separated from the granule membrane by 
a clear halo. The granules vary widely in size but average 
150 to 200 nm in diameter.'®’ Giant cells, anaplasia, and 
mitoses are rarely seen in carcinoids. Nonetheless, despite 
this innocent cytologic appearance, most tumors (both 
appendiceal and nonappendiceal) invade the submu- 
cosa and muscularis and sometimes penetrate the 
bowel wall. 

The cytologic uniformity of carcinoids makes it impos- 
sible to estimate their metastatic potential on microscopic 
examination. Tumor size, however, appears to be important 
with extra-appendiceal lesions. Most small bowel carcinoids 
greater than 2 cm and large bowel lesions greater than 5 
cm in diameter are associated with metastases.'® In con- 
trast, as pointed out earlier, the incidence of metastasis with 
appendiceal carcinoids is in the range of 0.2%. 


CLINICAL Course. Endocrine cell tumors may ap- 
pear at any age. Extra-appendiceal gastrointestinal le- 


Fig. 18-36 


sions are most often encountered in the sixth decade, 
whereas appendiceal carcinoids are more common in 
the fourth (perhaps because appendectomies are more 
frequent in young adults). There is no sex predilection. 
Appendiceal lesions are almost always asymptomatic. 
Those located elsewhere in the gastrointestinal tract 
may also be silent for some time, but eventually they 
are likely to produce clinical manifestations in one of 
two ways—as a consequence of their local invasive 
growth or by virtue of their secretory products. In one 
study, abdominal pain was the dominant local presenting 
symptom.'® Other presenting complaints included 
weight loss, anorexia and nausea, weakness, rectal 
bleeding, and diarrhea. Only rarely do endocrine cell 
tumors produce partial or complete intestinal obstruc- 
tion, and this complication is largely limited to small 
bowel primaries. Sometimes they first come to attention 
because of metastatic nodular enlargement of the liver. 

Far more distinctive is the development of a car- 
cinoid syndrome related to the elaboration of secretory 
products: 

1. Vasomotor disturbances—distinctive episodic 
flushing of the skin and “cyanosis” (in almost all pa- 
tients ). 

2. Intestinal hypermotility—diarrhea, 
nausea, and vomiting (in almost all patients). 


cramps, 


3. Bronchoconstrictive attacks—cough, dyspnea, 
and wheezing resembling asthma (in about one-third of 
cases). 

4. Right-sided cardiac  involvement—valvular 
thickening and stenosis with endocardial fibrosis (in 
about one-half of cases). 

5. Hepatomegaly—related to hepatic metastases 
(apparent only in some cases). 

It is important to emphasize that this symptom 
complex is seen only in patients having either extensive 
liver metastases or tumors whose venous drainage by- 
passes the immediate deamination of the liver—for 
example, primaries located in the ovary or lung. Only 
about 5 to 10% of patients with gastrointestinal carci- 
noids (most often primary in the small intestine) develop 
the carcinoid syndrome; a heavy burden of hepatic 
metastases must be present and the neoplasm must 
elaborate sufficient amounts of secretory products.'” 

The pathophysiology of the carcinoid syndrome is 
poorly understood. As APUDomas, the endocrine cell 
tumors or argentaffinomas produce a large variety of 
peptide hormones as well as other bioactive substances. 
Most important, with respect to the carcinoid syndrome, 
are serotonin (5-hydroxytryptamine—5-HT), histamine, 
kallikrein, and prostaglandins. In addition, however, 
individual case reports point to ACTH, calcitonin, in- 
sulin, gastrin, antidiuretic hormone, vasoactive intes- 
tinal peptide, and other products as possible contribu- 
tors to the syndrome.'™ The major secretion of carcinoid 
APUDomas is serotonin derived by the hydroxylation of 
tryptophan to 5-hydroxytryptophan followed by its de- 
carboxylation to serotonin (5-HT). Elaborated into the 
bloodstream by the liver metastases, 98% is degraded 
to 5-hydroxyindoleacetic acid (5-HIAA) in a single pass 
through the pulmonary circulation. For this reason, 
serotonin is proposed as the factor responsible for the 
right-sided valvular lesions, since the left heart is pro- 
tected by the catabolism of serotonin in the lungs. 
However, attempts to produce heart lesions by chronic 
infusion of serotonin in rats have failed. The origin of 
the cutaneous flushing is less clear. It may be related 
to bradykinin formed secondary to the release of kalli- 
krein by the APUDoma, or alternatively to 5-HT or 
prostaglandins. The diarrhea has also been related to 
these three products. The respiratory symptoms have 
been attributed to 5-HT, bradykinin, or histamine, all 
of which can cause bronchospasm. Whatever the origin 
of the clinical manifestations, identification of 5-HIAA 
in the urine provides an important diagnostic marker of 
the syndrome. 

Surgical excision remains the only method of cure 
of this disease. Appendiceal carcinoids are usually dis- 
covered incidentally after the appendix has been re- 
moved and are cured by the appendectomy, save in the 
rare instance in which metastasis has occurred. In 
contrast, five-year survivals after surgical therapy range 
from 50% with neoplasms of the midgut to 80% with 
those of the rectum.'® A major consideration in the 
clinical management of patients with argentaffinomas is 
the associated increased incidence of other malignant 
neoplasms, some in extraintestinal sites. These are found 
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in about 15% of patients with carcinoids of the appendix, 
10% of those with carcinoids of the rectum, and about 
30% of those with carcinoids of the small intestine. !7!: !” 
About half of these concurrent cancers occur in the 
gastrointestinal tract. It is requisite, therefore, that a 
careful surgical exploration be done during excision of a 
gastrointestinal carcinoid to rule out the possible pres- 
ence of another malignant neoplasm. 


Small Intestine 


Carcinoma 


Adenocarcinomas, despite the rapid turnover of the 
small intestinal mucosa, are very uncommon. They grow 
in a napkin-ring encircling pattern and rarely as polypoid 
fungating masses, recapitulating in a sense left-sided 
and right-sided colonic cancers (p. 869), respectively 
(Fig. 18-37). Crampy pain, nausea, vomiting, and 
weight loss are the common presenting signs and symp- 
toms but, as pointed out, such manifestations generally 
appear late. in the course of these cancers. Thus, most 
have already penetrated the bowel wall, invaded the 
mesentery or other segments of the gut, spread to 
regional nodes, and sometimes metastasized to the liver 
and more widely by the time of diagnosis. Despite these 
problems, wide “en bloc” excision of these cancers yields 
about a 70% five-year survival rate.!” 


Figure 18-37. Carcinoma of small intestine growing in an annular 
encircling fashion. 
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Sarcoma 


As in all levels of the bowel, sarcomas (leiomyosar- 
coma, rhabdomyosarcoma, liposarcoma, angiosarcoma, 
fibrosarcoma, and neurogenic sarcoma) may arise from 
the various mesenchymal elements of the wall of the 
small gut. They are all rare, producing the bulky, soft, 
hemorrhagic necrotic masses typical of sarcomas with 
their characteristic histologic picture. Most of these 
neoplasms are quite large at the time of discovery and 
have already metastasized through the bloodstream. 


MALABSORPTION 


The malabsorption syndrome is characterized by 
abnormal fecal excretion of fat (steatorrhea) and variable 
malabsorption of fats, fat-soluble vitamins, other vita- 
mins, proteins, carbohydrates, minerals, and water. At 
the most basic level, it is the result of a disturbance in 
most cases of at least one of three functions: (1) digestion 
of nutrients to smaller molecules able to be absorbed or 
transported across the intestinal mucosal cell; (2) a 
reduction in the absorptive capacity of the bowel, prin- 
cipally the small intestine; or (3) transport of absorbed 
products. You recall that most of the digestive process 
begins in the stomach, with its content of acid and 
pepsin, and continues in the small intestine, under the 
influence of bile and the pancreatic and small intestinal 
enzymes. Absorption, although it may occur throughout 
the small intestine and, indeed, to a minimal amount in 
the colon as well, takes place chiefly in the upper small 
intestine, namely the duodenum and jejunum. Vitamin 
B,, and bile acids are notable exceptions and are ab- 
sorbed in the lower small intestine. The absorptive 
sutface of the small intestine is enormously expanded 
by the villi and the microvilli, which are estimated to 
number 2 xX 10° per cm?. Any disorder reducing the 
absorptive surface of the gut will lead to malabsorption. 

- The diseases and disorders causing malabsorption 
are both numerous and variably classified. First, an all- 
inclusive classification prepared by Sleisenger and 
Brandborg is presented in Table 18-5, from which it is 
apparent that malabsorption may be caused by a number 
of dissimilar mechanisms. Some affect mainly intralum- 
inal digestion of nutrients. Others involve principally 
the transport and absorption of foodstuffs across the 
intestinal mucosal cell. Still others, such as lymphatic 
obstruction, impinge principally on the transport of fats 
once they have traversed the mucosal cell membrane. 
However, in many of the categories mentioned the basis 
for the malabsorption is poorly understood, or is a 
consequence of multiple defects. Each of these various 
mechanisms induces its own somewhat distinctive clin- 
ical signs and symptoms, but it is frequently necessary 
to resort to a number of diagnostic tests to differentiate 
among them, as, for example, stool fat determinations, 
measurement of xylose absorption, and gastrointestinal 
x-ray studies; perhaps most definitive is small intestinal 
biopsy. It is now possible with the use of peroral suction 
biopsy techniques to obtain specimens from the small 


intestinal mucosa that permit elegant evaluation of mu- 
cosal changes, particularly those affecting villous struc- 
ture.'“ Some concept of the usefulness of intestinal 
biopsy can be gained from Table 18-6, which presents 
some of the typical findings and their specificity in many 
of the malabsorptive conditions. 

Clinically, all the malabsorption syndromes resem- 
ble each other more than they differ. Particularly com- 


Table 18-5. CLASSIFICATION OF MALABSORPTION 
SYNDROMES 


Category |: Defective Intraluminal Hydrolysis or Solubility 


A. Primary pancreatic insufficiency 

B. Secondary pancreatic insufficiency 

C. Deficiency of conjugated bile salts, including intestinal 
resection 

D. Bacterial overgrowth (bile salt deconjugation) 

Blind loops 

Multiple strictures and jejunal diverticula 

Fistulas 

Postgastrectomy 

Scleroderma and pseudo-obstruction 


ee: 


Category Il: Mucosal Cell Abnormality and Inadequate Surface 
A. Primary mucosal cell disorders 
1. Disaccharidase deficiency and monosaccharide malab- 
sorption 
2. Abetalipoproteinemia 
3. Vitamin B,. malabsorption 
4. Cystinuria and Hartnup’s disease 
B. Small bowel disease 
Celiac disease 
Whipple's disease 
Allergic and eosinophilic gastroenteritis 
Nongranulomatous ileojejunitis 
Crohn’s disease (transmural enteritis) 


Oh Oo 


Category III: Lymphatic Obstruction 
A. Lymphoma 
B. Tuberculosis and tuberculous lymphadenitis 
C. Lymphangiectasia 


Category IV: Multiple Defects 
A. Subtotal gastrectomy 
B. Distal ileal resection, disease, or bypass 
C. Radiation enteritis 


Category V: Unexplained 

. Hypogammaglobulinemia 

Carcinoid syndrome 

Diabetes mellitus 

Mastocytosis 

Hyperthyroidism, hypothyroidism, hypoadrenocorticism, and 
hypoparathyroidism 


moOD> 


Category VI: Infection 
A. Tropical sprue 
B. Acute infectious enteritis 
C. Parasitoses 


Category Vil: Drug-induced Malabsorption 
. Cholestyramine 

. Colchicine 

. Irritant laxatives 

. Neomycin 

. p-Aminosalicylic acid 

. Phenindione 


mmOM)W > 


From Sleisenger, M. H., and Brandborg, L. L.: Malabsorption. Vol. 13. Major 
Problems in Internal Medicine. Philadelphia, W. B. Saunders Co., 1977, p. 
130 
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Small Intestine 


Table 18-6. MALABSORPTION SYNDROMES—ABNORMALITIES IN SMALL INTESTINAL BIOPSIES 


Disorders with Characteristic Findings 


1. Celiac and tropical sprue: Blunted or absent villi, abnormal surface epithelium, lengthened crypts, increased mononuclear 


cell infiltrate in lamina propria 


2. Whipple's disease: Lamina propria stuffed with glycoprotein-containing macrophages, villous abnormality of variable 
severity, bacilli demonstrable in macrophages during active disease in ultrathin sections or on electron microscopy 


. Regional enteritis: Noncaseating granulomas 
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histoplasmosis, cryptosporidiosis 


© 


. Mastocytosis: Mast cell infiltrates of lamina propria 


. Abetalipoproteinemia: Mucosal absorptive cells vacuolated by lipid inclusions, villous structure normal 
. Agammaglobulinemia: Flattened or absent villi, absence of plasma cells, increased lymphocytic infiltrate 


. Amyloidosis: Demonstration of amyloid in and about vessels of lamina propria with Congo red staining and birefringence 


. Parasitic infections: \dentification of parasite in biopsy sections, e.g., giardiasis, strongyloidiasis, schistosomiasis, 


9. Intestinal lymphoma: Possible foci of malighant lymphoid cells in lamina propria, villous abnormality of variable severity 


10. Allergic and eosinophilic gastroenteritis: Infiltrates of excessive numbers of eosinophilic leukocytes, lesion patchy, villous 


structure may be normal or severely deranged 


11. Tuberculosis and tuberculous lymphadenitis: Chance finding of caseating granuloma or margin of tuberculous ulcer 


Disorders in which Biopsy may be Abnormal but is Not Necessarily Diagnostic 


1. Folate deficiency: Shortened villi, megalocytes in blood vessels, decreased mitoses in crypts 


. Vitamin B,, deficiency: Similar to folate deficiency 


. Radiation enteritis: Similar to folate deficiency 


ao f WD N 


. Systemic scleroderma: Increased fibrosis in lamina propria, possible derangement in villous structure 


. Lymphangiectasia: Dilated lacteals and lymphatics in lamina propria, blunted and clubbed villi 


mon are weight loss, anorexia, abdominal distention, 
borborygmi, muscle wasting, and passage of abnormal 
stools, which are in many instances light yellow to gray 
and greasy or frothy. Often there are frequent bowel 
movements, but occasionally there is only one stool per 
day. More specific manifestations appear in particular 
categories of malabsorption. When there is inadequate 
protein absorption, edema and ascites may become 
superimposed. Severe disturbances of fat absorption 
may lead to signs and symptoms of avitaminosis A, 
avitaminosis K, and avitaminosis D. In turn, absorption 
of calcium is hampered, contributing to skeletal changes. 
Thus, bone pain and predisposition to fracture may be 
encountered in patients with malabsorption of vitamin 
D and calcium. Sometimes, hypocalcemia appears and 
results in paresthesias or even tetany, convulsions, and 
coma. Inadequate absorption of folate and vitamin B,, 
produces its own set of signs and symptoms related to 
the resultant megaloblastic anemia. When the malab- 
sorption syndrome is associated with profuse diarrhea, 
there may be significant loss of fluids and electrolytes, 
sometimes leading to severe acid-base, fluid, and elec- 
trolyte imbalances. Losses of fluids, sodium, and potas- 
sium may be life threatening. 

Among the many disorders that may give rise to 
such syndromes, those most commonly encountered in 
the United States are celiac disease, regional enteritis, 
and chronic pancreatitis. To this group should be added 
viral enteritis, discussed earlier (p. 835). Although mal- 
absorption is not often found with this type of involve- 
ment, the frequency of the infection, particularly in the 


pediatric age group, makes it a common cause of ab- 
sorptive dysfunction. A second category of importance 
would include Whipple’s disease, small intestinal diver- 
ticulosis, tropical sprue, disaccharidase deficiency, abe- 
talipoproteinemia, amyloidosis, intestinal scleroderma, 
postgastrectomy states, and blind-loop syndromes (re- 
lated to surgical procedures or congenital reduplication 
of the ileum).!” Many of these more or less common 
entities have been discussed elsewhere; only a few 
remain to be considered. 


CELIAC SPRUE 


This condition is known by a variety of names— 
gluten-sensitive enteropathy, nontropical sprue, and 
adult and childhood celiac disease. It is related to dietary 
gluten, very likely an immune reaction to a constituent 
of this protein. Celiac disease is characterized by a 
striking loss of villi in the small intestine and, with it, a 
marked reduction in the absorptive surface area. Al- 
though the disease is usually diagnosed in early child- 
hood, it may not be detected until years later. Females 
are affected more frequently than males. There are 
many suggestions pointing to a hereditary background. 
Familial clustering has been noted; as many as 80% of 
patients are HLA-B8, and over 90% D/DR3 or D/DR7, 
which may have relevance to the pathogenesis of this 
condition in terms of inherited specific immune re- 
sponse genes. '”© 

There is now unmistakable evidence that celiac 
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disease can be cured by placing patients on a gluten- 
free diet. Gluten and the derivative gliadin are proteins 
found particularly in wheat, barley, and rye grains. The 
preponderance of data points to a hypersensitivity re- 
action to antigenic determinants within gliadin as the 
cause of the intestinal changes.'" The small intestinal 
mucosa, when exposed to gluten, accumulates a large 
number of B cells sensitized to gliadin. Circulating 
antibodies to gliadin are present in all patients under 2 
years of age and in many who are older. It would appear 
that with antigenic challenge by gliadin there is local 
synthesis of immunoglobulins in the small bowel mu- 
cosa.!” On gluten-free diets the titers of circulating 
antibodies fall or disappear.'*° However, antibodies can- 
not be demonstrated in all patients with this condition, 
and moreover there is often a poor correlation between 
the severity of the disease and the level of the antibod- 
ies. 
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Substantial as all the immunologic changes may be, 
the possibility cannot be ruled out that they are secon- 
dary phenomena. Conceivably, other mechanisms for 
injury of bowel mucosa permit the entry of antigenic 
fractions contained in food, thus accounting for the 
appearance of immunoglobulin-secreting cells in the 
mucosa. The antigliadin antibodies may then have no 
greater significance than the antibodies to nongluten 
milk proteins that can also be identified in some indi- 
viduals with this condition. Thus, the older and still not 
invalidated “toxic’ theory cannot be totally dis- 
counted.'*! Although the weight of evidence favors an 
immunologic basis for this condition, the etiology must 
still be considered uncertain. 


The characteristic anatomic finding in celiac disease 
is marked atrophy of the villi diffusely throughout the 
jejunum with flattening of the mucosal surface. The villi 
become severely blunted and distorted and may even dis- 
appear (Fig. 18-38). There is an accompanying increase in 
depth of the crypts and in the number of mitoses within the 
crypt epithelium. Particularly prominent is a marked chronic 
inflammatory reaction in the lamina propria composed of 
lymphocytes and plasma cells with occasional eosinophils. 
With the immunoperoxidase technique, large numbers of 
immunocytes bearing IgA antigliadin antibodies are present 
in the small bowel mucosa, with some increase in IgM- 
bearing cells. The surface epithelial cells become cuboidal 
and stain poorly, and their nuclei assume irregular positions 
within the cell rather than the regular basal orientation.'” 
Electron microscopy discloses that the microvilli are mark- 
edly distorted and shortened, while the mitochondria have 
unusual sizes and shapes and show changes in their cristae. 
The ribonucleoprotein granules are abnormally abundant. 
Although these changes are characteristic of celiac sprue, 
they are not pathognomonic since they can be mimicked by 
tropical sprue and other conditions. 


The symptoms and signs of celiac disease are es- 
sentially those shared by all malabsorption syndromes 
(p. 847). Elevated titers of circulating IgA antigliadin 
antibodies are frequently present, but ultimately the 
diagnosis rests on the characteristic findings in the 
intestinal biopsy and the response to a gluten-free 
diet.'**? In some patients the histologic appearance of 


the small bowel mucosa returns to normal remarkably 
promptly following avoidance of gluten-containing foods, 
whereas in others the recovciy is delayed for months or 
even a year. Indeed, in some patients, although an 
appropriate diet permits some restoration of the normal 
architecture, the mucosa may never totally revert to 
normal. 

Individuals with long-term untreated celiac sprue 
may suffer a number of complications. Faulty absorption 
of nutrients may lead to anemia, probably secondary to 
a deficiency of iron and possibly of folate. Impaired 
calcium absorption may cause paresthesias, muscle 
cramps, and tetany, and if sufficiently prolonged may 
induce osteomalacia and osteoporosis (p. 1327). A variety 
of neurologic symptoms may appear in the forms of 
cerebellar atrophy and patchy demyelination of the 
spinal cord with sensory losses and ataxia. It is tempting 
to attribute these to malabsorption of thiamine, ribo- 
flavin, and pyridoxine, but administration of these vi- 
tamins does not correct the neurologic abnormalities. 
The most unpleasant consequence of long-term celiac 
disease is a 10 to 15% chance of developing cancer 
within eight to ten years. Over half are gastrointestinal 
lymphomas, now referred to as B-cell lymphomas, and 
the remainder are carcinomas distributed throughout 
the gastrointestinal tract disproportionately in the small 
intestine.'* Still unknown is whether strict adherence 
to a gluten-free diet reduces the hazard particularly of 
lymphomas. 


TROPICAL SPRUE 


Tropical sprue is somewhat inappropriately named. 
Save for the similarity of the mucosal changes to those 
of nontropical sprue (celiac disease), there is little com- 
monality between these two entities. Tropical sprue is 
of unknown etiology, although there are suggestions 
that it may be caused by enterotoxigenic E. colt.'™ It 
has a curious geographic distribution: although common 
in the Caribbean, it has not been reported from Jamaica, 
and it does not occur in Africa, south of the Sahara. 
Travelers to endemic areas may not become sympto- 
matic until months or years after returning to their 
homes in temperate climates. Occasionally, the disease 
occurs in epidemics, but even these cases do not always 
have identifiable enteric pathogens. Thus, no specific 
causal microbiologic agent has been clearly associated 
with tropical sprue, although specific strains of E. coli 
are currently favored candidates. Despite the etiologic 
uncertainties, most patients are benefited or cured by 
long-term broad-spectrum antibiotic therapy. 

Intestinal changes are extremely variable. In some 
patients the mucosal histology is not abnormal, whereas 
in others the changes are similar to those of celiac 
disease. !® 


WHIPPLE’S DISEASE 


This uncommon multisystem disease is intriguing 
and frustrating. Apparent rod-shaped bacilli can be 
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Figure 18-38. A, Celiac disease—a jejunal peroral biopsy of gluten enteropathy with atrophy and 
blunting of villi and an inflammatory infiltrate in lamina propria. B, Celiac disease—same patient as 
in A after five days on a gluten-free diet. 
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Figure 18-39. Electron micrograph of an involved histiocyte in 
Whipple’s disease. A=bacilliform bodies outside cell with arrows 
pointing to loci where they appear to be penetrating cell boundaries. 
B and C=distorted forms. D=uninvolved lysosomes. 


readily visualized under the electron microscope within 
and between glycoprotein-laden PAS-positive macro- 
phages in many organs throughout the body, principally 
the small bowel mucosa, but it cannot be isolated and 
so no specific agent has yet been identified. The bacilli 
are approximately 2.50 xX 0.15 w in size (Fig. 18-39). 
The PAS-positive glycoprotein granules within the mac- 
rophages are thought to be bacterial products. Numer- 
ous microbiologic studies of patients with Whipple’s 
disease have yielded over 25 different microorganisms, 
many not bacilliform.'!** Immunologic and histochemical 
studies of lesions have been equally frustrating, yielding 
positive results with antisera for streptococcus groups 
A, B, C, and G and Shigella flexneri.'®" Superimposed 
on all these complexities is the lack of an inflammatory 
response at the sites of localization of the apparent 
bacilli in the various tissues. Nevertheless, Whipple’s 
disease responds promptly and dramatically to antibiotic 
therapy, often with permanent remission. The tangle is 
yet to be unraveled, however. 

Whipple's disease was once thought to be solely an 
intestinal disorder characterized by malabsorption, but 
it is now apparent that it is systemic in distribution, 
involving not only the small intestine but also the skin, 
central nervous system, joints, heart, blood vessels, 
kidney, lung, serosal membranes, lymph nodes, spleen, 
and liver.'** Indeed, a migratory polyarthritis is often 
the presenting manifestation. Occasionally, patients de- 
velop neurologic disturbances without manifestations of 
intestinal disease.'*° This condition has also presented 


as cardiac disease before intestinal, articular, or systemic 
involvement was apparent.'% Whether intestinal in- 
volvement would eventually have developed with these 
unusual presentations is not clear. 


MORPHOLOGY. The hallmark of this condition is the 
macrophage laden with PAS-positive granules and occa- 
sional rod-shaped organisms. In the classic case these cells 
crowd the lamina propria of the small intestine and mucosa 
(Fig. 18-40). In untreated cases the bacillary bodies may 
also be seen lying free in the interstitial spaces in the lamina 
propria of the small bowel, in neutrophils, and sometimes 
within the mucosal epithelial cells. Thus, the organism has 
the capacity to invade cells. Accompanying all these changes 
within the intestinal mucosa is dilatation of the lymphatics, 
which sometimes contain lipid droplets, suggesting some 
lymphatic obstructive process. Occasionally, rupture of these 
channels may give rise to lipogranulomas. The draining 
mesenteric lymph nodes of affected segments of the gut 
reveal the same microscopic changes. Characteristic mac- 
rophages containing bacillary bodies may be found in other 
levels of the gastrointestinal tract as well as in various other 
organs. For example, they can be found in the synovial 
membranes of affected joints, but damage to the articular 
surface is rarely present. They may also diffusely infiltrate 
the central nervous system, sometimes collecting into focal 
aggregates. PAS-positive macrophages containing bacilli 
have also been seen within cardiac valves, subendocardium, 
and myocardial interstitial tissue.’ With antibiotic therapy 


Figure 18—40. Whipple’s disease with clusters of distended mac- 
rophages lying within lamina propria of intestinal mucosa. 


the bacillary bodies disappear, only to reappear if the patient 
suffers a relapse. 

Macroscopically, in the typical case, there is thickening 
of the wall of the small intestine, dulling of the serosa, and 
some thickening and induration of the mesentery. Fine, 
lacelike patterns of lymphatics can often be seen on the 
serosal surface. The intestinal villi are distended and 
blunted by the phagocytic macrophages, sometimes 
giving to the mucosa the appearance of a shaggy bear- 
skin rug (Fig. 18—41). Mucosal thickening and pallor may 
be found in the large bowel and stomach, but less consis- 
tently than the changes in the small intestine. The involve- 
ments of other organs and sites rarely produce macroscop- 
ically apparent lesions. 


CLINICAL CourRsE. Whipple's disease usually pre- 
sents as a form of malabsorption with diarrhea, steator- 
rhea, abdominal cramps, distention, fever, and marked 
weight loss. It is principally encountered in Caucasians 
in the fourth to fifth decades of life, with a strong male 
predominance in the ratio of 10:1. As pointed out, 
atypical presentations are quite frequent; indeed, Whip- 
ple’s disease must be suspected, even in the absence of 
intestinal symptomatology, as a cause of polyarthritis, 
obscure CNS complaints, focal hyperpigmentations of 
the skin, and numerous other symptom complexes re- 
lated to specific organ involvements. The diagnosis rests 
on light microscopic recognition of PAS-positive mac- 
rophages in appropriate biopsies that can be shown to 
contain rod-shaped organisms under the electron micro- 
scope. This once usually fatal condition can now be 
cured promptly by appropriate antibiotic therapy, and 
thus its recognition is crucial. 


Figure 18-41. Whipple’s disease of small intestine. The hugely 
distended villi resemble the pile of a shaggy rug. 
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DISACCHARIDASE DEFICIENCY 


The disaccharidases, of which the most important 
clinically is lactase, are localized to the apical cell 
membrane of villous absorptive epithelial cells. Congen- 
ital lactase deficiency is a very rare condition, but 
acquired lactase deficiency is common, particularly 
among North American blacks. With insufficient lactase, 
the disaccharide lactose cannot be broken down into its 
monosaccharides, glucose and galactose. The unab- 
sorbed lactose exerts an osmotic pull, leading to watery 
diarrhea and malabsorption. A deficiency of this enzyme 
may occur as a familial inborn error of metabolism or 
may apparently develop in adult life as an acquired 
disorder. When hereditary, malabsorption becomes ev- 
ident with the initiation of milk feeding. The infants 
develop explosive, watery, frothy stools and abdominal 
distention. When exposure to milk or milk products is 
terminated, the malabsorption is promptly corrected. 

In the adult, lactose intolerance may appear with 
viral and bacterial infections of the gastrointestinal tract 
as well as in other disorders of the gut. Despite the 
clinical manifestations, neither light nor electron mi- 
croscopy has disclosed abnormalities of the mucosal cells 
of the bowel in either the hereditary or the acquired 
forms of the disease. 

The diagnosis can be suspected with the breath 
hydrogen test. Bacterial fermentation of the unabsorbed 
sugars leads to the production of increased amounts of 
hydrogen, which can be measured readily by gas chro- 
matography. !*! 


ABETALIPOPROTEINEMIA 


This form of malabsorption is familial and transmit- 
ted by autosomal recessive inheritance. It fundamentally 
constitutes an inborn error of metabolism, characterized 
by an inability to synthesize apoproteins required for 
the export of lipoproteins from mucosal cells. As a 
consequence, triglycerides are stored within them, cre- 
ating lipid vacuolation, which is readily evident under 
the light microscope, particularly with special fat stains. 
Concomitantly, there is severe hypolipidemia related 
largely to depressed levels of chylomicrons, prebeta- 
lipoproteins (VLDL), and betalipoproteins (LDL). The 
disease becomes manifest in infancy and is dominated 
by failure to thrive, diarrhea, and steatorrhea. 


OBSTRUCTIVE LESIONS 


Obstruction of the gastrointestinal tract may be 
caused by lesions at any level, but the narrow lumen of 
the small intestine makes obstruction most common at 
this location. The causes of such obstruction may be 
classified as follows: 


1. Mechanical obstruction: 
a. Strictures, congenital and acquired; atresias. 
b. Meconium in mucoviscidosis. 
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Imperforate anus. 
Obstructive gallstones, fecaliths, foreign bodies. 
Adhesive bands or kinks. 
Hernias. 
Volvulus. 
Intussusception. 
Neurogenic paralytic ileus. 
. Tumors. 
2. Vascular obstruction: 
a. Bowel infarction. 


So ET re oO OO 


Tumors and infarction, although the most serious, 
account for only about 10 to 15% of small bowel obstruc- 
tions. Four of the entities—hernias, intestinal adhe- 
sions, intussusception, and volvulus—account collec- 
tively for 80%. 


HERNIAS 


A weakness or defect in the wall of the peritoneal 
cavity may provide an area where persistent intraperi- 
toneal pressure will eventually push out a pouchlike, 
serosal lined sac called a hernial sac. The usual sites of 
such weakness in the anterior abdominal wall are the 
areas of the inguinal and femoral canals, at the umbili- 
cus, and in surgical scars. More rarely, similar retro- 
peritoneal defects occur in the posterior wall of the 
abdominal cavity, chiefly about the ligament of Treitz. 
Hernias are of chief interest because segments of viscera 
may become trapped in them. This circumstance is 
more apt to occur in inguinal than in femoral hernias, 
since the former tend to have narrow orifices and large 
sacs. If the small bowel is involved, partial or complete 


Figure 18—42. A knuckle of small intestine trapped in an inguinal 
hernial sac is demonstrated en bloc with encircling skin of inguinal 
region in situ. Sac has been opened to demonstrate hemorrhagic 
condition of contents. 


obstruction to the lumen may follow. Pressure by the 
neck of the pouch may impair the venous drainage of 
the trapped viscus. A vicious cycle then develops 
whereby the edema produced by the venous stasis 
increases the bulk of the contents of the hernial sac, so 
that the intestinal loops are permanently trapped or 
incarcerated. The increased volume causes further in- 
crease of pressure on the collapsible blood vessels, and 
in time the venous and possibly the arterial supply may 
be cut off (strangulation), thus producing infarction of 
the trapped segment (Fig. 18-42). 

If strangulation does occur, the gross and micro- 
scopic picture of the affected gut exactly resembles that 
previously described under bowel infarction. Not only 
the small bowel but portions of the omentum, and 
sometimes also segments of the large bowel, tend to 
become trapped in these hernial sacs. When the right 
side of the colon is loosely attached, or when there are 
large redundant sigmoid flexures, these segments of 
bowel may enter a hernial sac. Even ovary, fallopian 
tube, and segments of urinary bladder have been iden- 
tified in such sacs. All these structures may suffer the 
same fate described for the small bowel—incarceration 
or strangulation with infarction. However, involvement 
of the small bowel is most serious, since it may cause 
intestinal obstruction or perforation. 


INTESTINAL ADHESIONS 


As peritonitis (an inflammatory reaction of the 
peritoneal serosa) heals, adhesions may develop. These 
fibrous bridges can create closed loops through which 
other viscera may slide and eventually become trapped, 
just as in a hernial sac. Intestinal obstruction, partial or 
complete, ensues and may be complicated by infarction 
of the trapped segment of bowel. This sequence of 
events is found most commonly in postoperative patients 
who develop peritoneal adhesions to the wound in the 
abdominal wall and within the operative site. Quite 
rarely, adhesions may occur without previous peritoneal 
inflammation from fibrous bands arising as congenital 
defects. Intestinal obstruction and strangulation must 
be considered, then, even without a previous history of 
peritonitis or surgery. 


INTUSSUSCEPTION 


This is an uncommon disorder, most often encoun- 
tered in infants and children, in which one segment of 
small intestine, constricted by a wave of peristalsis, 
suddenly becomes telescoped into the immediately dis- 
tal segment of bowel. Once trapped, the invaginated 
segment is propelled by peristalsis farther into the distal 
segment, pulling its mesentery along behind it (Fig. 
18—43). The trapped bowel is referred to as the intus- 
susceptum, and the segment that envelops it is known 
as the intussuscipiens. The pathogenesis of this lesion 
in children and infants is obscure. There is usually no 


Fig. 18-43 
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Figure 18—43. Intussusception of small intestine viewed from external aspect. 
Figure 18—44. Intussusception of small intestine. Bowel has been opened to demonstrate necrotic 


tip of intussusceptum. 


underlying anatomic lesion or defect in the bowel to 
explain such an occurrence. However, intussusception 
also occurs in adults, and in this age group some 
intraluminal mass or tumor serves as a point of traction 
that pulls out the base of attachment and segment of 
gut along with it. In both the spontaneous infantile and 
the adult cases, not only does intestinal obstruction 
ensue, but the trapped mesenteric blood supply may 
eventually become compressed and produce infarction 
(Fig. 18-44). In the infantile variety, the disorder, if 
discovered before infarction has occurred, is readily 
reduced, usually by simple administration of a barium 
enema. In the adult, surgical exploration is necessary, 
not only to determine the cause but also to deliver the 
trapped loop. 


VOLVULUS 


Complete twisting of a loop of bowel about its 
mesenteric base of attachment provides another mech- 
anism for producing intestinal obstruction and _ infarc- 
tion. This lesion occurs most often in the small bowel: 
however, large redundant loops of sigmoid are some- 
times involved. Recognition of this seldom encountered 
lesion demands a constant awareness of its possible 
occurrence. If the bowel is not obviously strangulated, 
a hasty manual exploration at surgery or autopsy may 
miss the twisted loop. In most cases, obvious signs of 
obstruction or infarction develop and require further 
therapy. 
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Colon 
NORMAL inflammations Familial polyposis 
PATHOLOGY Idiopathic ulcerative colitis Miscellaneous polyps 
Congenital Anomalies Pseudomembranous colitis (PMC) Malignant tumors 

Megacolon Lymphopathia venereum Carcinoma 

Imperforate anus Tumors of Colon Squamous cell carcinoma 
idiopathic Disorders Polyps Adenoacanthoma 

Diverticular disease Hyperplastic polyps Sarcoma 

Melanosis coli Tubular adenoma (pedunculated Lymphoma 


Vascular Lesions 
Ischemic injury 


polyp) 


Villous adenoma 


Endocrine cell tumors 
(argentaffinomas, carcinoids) 
Melanocarcinoma 


Hemorrhoids Tubulovillous adenoma 
Angiodyplasia (vascular ectasia) of right 
colon to carcinoma 


NORMAL 


The colon in man is a storage and absorptive organ. 
It is not essential for life. The subdivisions of the large 
bowel into the cecum, ascending colon, transverse co- 
lon, and descending colon are well-known. Perhaps 
somewhat less well understood are the exact limits of 
the sigmoid colon and rectum. The former begins at the 
pelvic brim, includes the sigmoid flexures, and connects 
below with the rectum at approximately the level of the 
third sacral vertebra. The rectum is that portion distal 
to the sigmoid. It is approximately 6 inches long; the 
proximal portion is within the peritoneal cavity and the 
distal segment is extraperitoneal. The reflection of the 
peritoneum from the rectum over the pelvic floor pro- 
duces a cul-de-sac known as the “pouch of Douglas.” 
This space is a favored site for the implantation of 
spreading intra-abdominal tumors, which produce a 
perirectal mass called a “rectal shelf.”” These masses are 
within 3 inches of the anus and are therefore within 
reach of the examining finger. 

The blood supply to the right side of the colon up 
to the midportion of the transverse colon is derived 
from the superior mesenteric artery. Occlusion of the 
superior mesenteric artery therefore causes infarction 
not only of the small bowel but also of the ascending 
colon. Almost the entire remainder of the intra-abdom- 
inal colon is supplied by the inferior mesenteric artery. 
The lower rectum receives its supply from the hemor- 
rhoidal branches of the internal iliac or internal pu- 
dendal artery; the upper level is supplied by the supe- 
rior hemorrhoidal branch of the inferior mesenteric. 
The venous drainage follows essentially the same distri- 
bution. Therefore, within the rectal vasculature there is 
an anastomotic capillary bed between the superior he- 
morrhoidal veins draining through the portal system 
and the inferior hemorrhoidal veins, which drain 
through the inferior vena cava. In portal hypertension, 
these capillaries can become distended and provide a 
bypass for portal venous obstruction. Throughout most 
of its extent, the colon is a fixed retroperitoneal organ. 
Therefore, it derives considerable accessory blood sup- 
ply and lymphatic drainage from a wide area of the 
posterior abdominal wall, making infarction and obstruc- 
tive lymphedema most uncommon in this level of intes- 
tine. 

Microscopically, in contrast to the small intestine, 


Relationship of adenomatous polyps 


the colon has no villi. The absorptive surface itself is 
flat but is punctuated by numerous straight tubular 
crypts that extend into the underlying lamina propria. 
The crypts are lined mainly by goblet mucous cells with 
occasional endocrine cells. The mucosal surface is cov- 
ered mainly by absorptive cells that bear on their 
luminal surfaces microvilli that are less abundant than 
those found in the small intestine. Intimately attached 
to these microvilli is an elaborate fibrillar glycoprotein 
extraneous coat similar to that found in the small intes- 
tine. Paneth cells, found mostly in the lower crypts, are 
dispersed throughout the right colon. Scattered within 
the mucosa are lymphoid foci covered by somewhat 
flattened cells that are thought to engulf and transfer 
antigens to the underlying immunocytes. Cell renewal 
in the colon and rectum essentially follows the pattern 
described in the small intestine, with most of the cell 
replication occurring in the base of the crypts. Once 
formed, the cells migrate upward from the crypt to the 
surface in about two to six days. The mitotically active 
epithelial cells are vulnerable to radiation and cancer 
chemotherapeutic drugs. However, they provide the 
potential for rapid repair. The intrinsic innervation of 
the colon comprises Auerbach’s plexus, located between 
the circular and longitudinal muscle layers, and Meis- 
sner s plexus, situated in the submucosa. Both comprise 
nests of ganglion cells interconnected by unmyelinated 
postganglionic fibers that extend through the thickness 
of the bowel wall to provide communications between 
the plexuses. 


PATHOLOGY 


Certain lesions that affect the colon constitute some 
of the most frequently encountered diseases in clinical 
practice, particularly surgical practice. Cancer of the 
large bowel is the second most common cause of cancer 
death in man. The extremely common hemorrhoid, a 
comparatively trivial lesion, may produce in the aggre- 
gate more clinical discomfort than almost any other 
lesion to which man is subject. In addition, inflammatory 
disorders such as ulcerative colitis and functional de- 
rangements such as spastic and mucous colitis are by no 
means uncommon. In terms of clinical and pathologic 
importance, then, the colon and the stomach are two 
areas of major importance in the gastrointestinal tract. 


CONGENITAL ANOMALIES 


Congenital anomalies of the colon are encountered 
infrequently. Malrotations may occur in which the 
cecum fails to descend to its definitive adult position in 
the right lower quadrant. Such malpositioning may 
confuse the diagnosis of acute appendicitis. Reduplica- 
tions of the colon have been described rarely with the 
occasional formation of entire double large bowels. The 
most frequently occurring and clinically important 
anomalies of the colon are megacolon (Hirschsprung’s 
disease) and imperforate anus. 


MEGACOLON 


Marked dilatation of the colon, or megacolon, oc- 
curs both as a congenital and as an acquired disorder. 
Although the mode of transmission of congenital mega- 
colon, also known as Hirschsprung’s disease, is unclear, 
about 4% of siblings of an index patient may be expected 
to have the disease. It is ten times more frequent in 
patients with Down’s syndrome than in the general 
population and is often associated with a host of other 
congenital anomalies. | 

The origin of congenital megacolon is a failure 
during embryogenesis of development of Meissner’s and 
Auerbach’s plexuses. Normally, neuroblasts migrate in 
a cephalocaudal direction in the gut to reach the rectum 
at about 12 weeks of development. If the migration falls 
short, some portion of the distal colon lacks ganglion 
cells and there is a consequent functional loss of peris- 
talsis and, in effect, a colonic obstruction. Thus, in all 
patients, ganglion cells are lacking at the anorectal 
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junction, but the extent of more proximal involvement 
depends on the severity of the migratory defect. In the 
vast majority of patients the proximal border of the 
aganglionic segment is located within the rectum or 
sigmoid. In only 10 to 20% of patients is a longer 
segment affected, and only very rarely the entire colon 
(aganglionosis of the colon). However, neural trunks 
from more proximal ganglion cells may extend into the 
aganglionic segment, and it has been proposed that 
these contribute to spasm within the aganglionic seg- 
ments, worsening the functional obstruction.” 


Colon 


MORPHOLOGY. Hirschsprung’s disease is charac- 
terized by the absence of ganglion cells and proliferation 
of nonmyelinated nerve fibers in the submucosal and 
intermuscular levels of the nondilated segment of colon. 
Whatever the extent of the involvement, the rectum is always 
affected and thus provides a site for biopsy. However, the 
distal 2 to 3 cm should be avoided since ganglia are normally 
sparse here. Since both Meissner’s and Auerbach’s plexuses 
develop more or less contemporaneously in the embryo, 
colonoscopic biopsies that include only the mucosa and 
submucosa are usually sufficient to reveal ganglion cells if 
they are present.'*? However, if they are not found, trans- 
mural biopsy at the time of surgery may be necessary to 
confirm their absence. 

In the common pattern in which both rectum and rec- 
tosigmoid are affected, the descending colon undergoes 
dilatation and hypertrophy first. Eventually, however, the 
entire colon may become involved, and indeed the functional 
obstruction may cause dilatation of the small intestine. The 
appendix, too, may become dilated and in some cases has 
perforated. In far-advanced cases the colon may appear as 
a huge, elongated balloon (Fig. 18-45). The wall of the 
dilated bowel may undergo hypertrophy and thickening. 
Sometimes, however, the distention outruns the hypertrophy, 
leading to thinning and potentiating rupture, particularly of 


Figure 18-45. Megacolon. Hugely distended bowel viewed in situ just after abdomen has been 


opened in a postmortem examination. Bowel has been accidentally nicked. 
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the distended cecum, which has the thinnest wall. The 
mucosal lining may be intact throughout, but the functional 
obstruction may predispose to an inflammatory enterocolitis, 
or impacted feces may induce stercoral ulcerations. 
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CLINICAL COURSE. Hirschsprung's disease usually 
makes itself known in the immediate neonatal period 
by failure of passage of meconium followed by obstruc- 
tive constipation. Vomiting soon follows. In some in- 
stances, when only a short segment of the rectum is 
affected, the build-up of pressure may permit occasional 
passage of stools, or even intermittent bouts of diarrhea. 
Abdominal distention (when a sufficiently large segment 
of colon is involved) confirms the presence of an intes- 
tinal obstruction. The diagnosis can be suspected-on the 
basis of the clinical findings, but it is firmly established 
on histologic examination of a biopsy documenting the 
absence of ganglion cells in the nondilated colon. X-rays 
of the abdomen and barium enema studies may not be 
helpful early in the condition before significant bowel 
dilatation has developed. The major threats to life in 
this disorder are superimposed enterocolitis with fluid 
and electrolyte disturbances, and perforation of the 
colon or appendix with peritonitis.'’* 

Acquired megacolon is encountered either in cir- 
cumstances of chronic organic obstruction, such as nar- 
rowing of the bowel due to the inflammatory disease or 
neoplasia, or as an apparent functional disorder. Emo- 
tional problems may underlie some of these functional 
disturbances, but in other instances there appears to be 
a motility dysfunction also found in asymptomatic rela- 
tives. Nevertheless, the intrinsic innervation of the 
bowel is normal. Generally the entire colon, including 
the rectum, is dilated, but only rarely is the dilatation 
as massive as that encountered in the congenital form. 


IMPERFORATE ANUS 


Imperforate anus results when the membrane that 
separates the entodermal hindgut from the ectodermal 
anal dimple fails to perforate. An intact membranous 
septum may completely close the anal canal. This type 
of anomaly is said to occur in one in 5000 births. Many 
times the occlusion is more serious than a simple 
membranous covering and takes the form of agenesis, 
atresia, or stenosis of the rectal canal. In a significant 
number of these developmental failures, fistulous com- 
munications occur with the genital tract in the female 
or with the urinary tract in either sex. 


IDIOPATHIC DISORDERS 
DIVERTICULAR DISEASE 


Numerous saccular outpouchings of the colon, par- 
ticularly in the rectosigmoid, are prone to develop with 
advancing age and are referred to as “diverticular dis- 
ease.” At one time this condition was called “divertic- 
ulosis’ and was thought to be of importance principally 


because it predisposed to the development of inflam- 
matory changes in and about the diverticula, creating 
“diverticulitis.” It is now clear that diverticulosis in the 
absence of inflammatory changes may produce lower 
abdominal discomfort with intermittent crampy pain or 
sometimes continuous pain indistinguishable from the 
symptomatology of diverticulitis. Moreover, in about 
half of the instances, diverticulitis is not associated with 
fever or leukocytosis.‘ It therefore is frequently im- 
possible to differentiate diverticulosis and diverticulitis 
clinically; hence, the use of the term “diverticular 
disease.” It is noteworthy that, in one study, one-third 
of referral center patients operated on for presumed 
diverticulitis had no inflammatory changes in the re- 
sected bowel.'® 

The prevalence of this condition in Western socie- 
ties has risen remarkably since the turn of the century. 
In 1910 diverticular disease was found in about 5 to 
10% of autopsies in the United States, United Kingdom, 
and Australia.’ Currently the prevalence in these coun- 
tries approaches 30 to 50%. It is much less frequent in 
nonindustrialized tropical countries and in Japan. It has 
been said, therefore, that diverticular disease is a dis- 
order of Western civilization.'®% Environmental influ- 
ences are thought to underlie this epidemiology, as will 
be explained. Another important influence on preva- 
lence is age. Diverticula are rare in persons under 30 
years of age; in those over the age of 60 the prevalence 
is about 50% in high-risk locales. Thus, a progressive 
rise in the mean age of certain populations may explain 
at least some of the increased frequency of this condi- 
tion. The pathogenesis of diverticular disease is best 
considered after the morphology. 


MORPHOLOGY. Most diverticula are located in the 
sigmoid colon (95%). Howevel, the descending colon and 
indeed the entire colon may also be affected. Hypertrophy 
of the musculature of affected segments of colon is present 
in about 50 to 70% of specimens. The teniae coli are 
unusually prominent and have an almost cartilaginous con- 
sistency. The circular muscles are also thicker than normal 
and may impart a corrugated appearance to the gut as 
viewed from the serosal surfate. In most specimens, small 
flasklike or spherical outpouchings, usually 0.5 to 1 cm in 
diameter, can be identified along the margins of the teniae. 
In the absence of secondary inflammation they are elastic, 
compressible, and easily emptied of fecal contents. Char- 
acteristically, these sacs dissect into the appendices epi- 
ploicae and may therefore be missed on casual inspection. 
They often have slitlike communications with the bowel 
lumen, which sometimes escape detection. 

A “prediverticular state” has been described in which 
there is muscular thickening and luminal narrowing, but no 
outpouchings. The validity of this state is open to challenge 
because, as mentioned, many specimens with overt divertic- 
ula do not have muscular hypertrophy, and there is no way 
of knowing whether hypertrophy will always lead to the 
formation of diverticula. 

When inflammatory changes supervene they tend to 
extend about the diverticula, producing peridiverticulitis, and 
to dissect into the immediately adjacent pericolic fat. Perfo- 
ration of diverticula usually initiates the inflammatory proc- 
ess. Over the course of time the numerous foci of inflam- 


matory reaction may cause marked fibrotic thickening in and 
about the colonic wall, producing sufficient narrowing to 
resemble remarkably a colonic cancer. Extension of the 
infection may lead to pericolic abscesses, sinus tracts, and 
sometimes pelvic or generalized peritonitis. 

Histologic examination of uninflamed diverticula dis- 
closes a remarkably thin wall composed of a flattened or 
atrophic mucosa, compressed submucosa, and attenuated 
or totally absent muscularis (Fig. 18-46). The lack of mus- 
cularis is significant with respect to the pathogenesis of 
these outpouchings. The inflammatory reaction, when pres- 
ent, is nonspecific and may be attended by considerable 
fibrosis in and about the bowel wall. Bacterial cultures usually 
yield a mixed flora, with E. coli predominating. 


PATHOGENESIS. The morphology of diverticula 
strongly suggests that two factors are important in their 
genesis: (1) foci of muscular weakness in the colonic 
wall, and (2) intraluminal pressure.'** Thus, diverticula 
represent herniations of the mucosa and submucosa at 
points of muscular weakness. Angiographic studies in- 
dicate that such weaknesses occur wherever the arterial 
vasa recta penetrate the muscularis to ultimately ramify 
in the submucosa and mucosa. The connective tissue 
sheaths that surround these perforating vessels provide 
avenues devoid of muscularis for the development of 
herniations. The largest vasa recta are located along the 
margins of the teniae, conforming in most cases to the 
distribution of the diverticula. The fact that diverticula 
appear in some children with Marfan’s syndrome, and 
the association of these lesions with aging, suggests that 
loss of tensile strength of collagen favors their develop- 
ment. 

Whether especially high intraluminal pressure is 
requisite for the formation of these herniations remains 
controversial.'!® To explain the epidemiologic data cited 
earlier, it has been proposed that diets low in fiber 
content (resulting from the increased use of white flour, 
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Figure 18-46. Low-power view of diverticulum of colon indicating 
marked thinning of wall and absence of muscularis. 
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refined sugar, and meat) reduce the stool bulk. This, in 
turn, leads to increased peristaltic activity, particularly 
within the sigmoid colon.?” Hyperplasia of the muscu- 
laris, as, for example, in the prediverticular stage of the 
disease, would favor bandlike contractions that might 
isolate short segments of the bowel (so-called segmen- 
tation) in which elevated pressures might develop. 
According to this hypothesis, diverticular disease is the 
consequence of disordered motility in the colon. Sub- 
sequent studies have challenged this sequence. It has 
been shown that asymptomatic patients with diverticula 
do not necessarily have increased intraluminal pressure 
or decreased stool weight.?°' However, it is important 
to note that exaggerated peristaltic contractions and 
segmentation of the sigmoid colon are correlated with 
symptomatic disease whether inflammation is present 
or not. Moreover, augmentation of the fiber content of 
the diet, say with bran, is usually effective in abatement 
of the pain. Thus, we may conclude that a low-fiber 
diet, hyperactive peristalsis with segmentation, and 
increased intraluminal pressure is not requisite for the 
development of diverticula; however, such .deranged 
motility accounts for most of the symptomatology of this 
condition. There is no substantial evidence that a high- 
fiber diet prevents the development of diverticular 
disease. 

CLINICAL CouRSE. Most individuals with divertic- 
ular disease remain asymptomatic throughout their 
lives. Indeed, the lesions are most often discovered as 
incidental findings during barium studies for other rea- 
sons or at postmortem. Only about 20% of those affected 
ever develop manifestations. These are intermittent, 
crampy, or sometimes continuous lower abdominal dis- 
comfort; constipation; distention; and a sensation of 
never being able to empty the rectum completely. 
Sometimes there is alternating constipation and diar- 
rhea. Patients with this condition may have minimal 
chronic or intermittent bleeding or sometimes massive 
hemorrhages, but before such blood loss is attributed 
to diverticular disease, other more likely causes must 
be excluded. When inflammatory changes supervene 
they may or may not be associated with fever, leuko- 
cytosis, and, in chronic cases, the development of a 
palpable sausage-shaped mass in the left lower quadrant. 
As emphasized earlier, it may not be possible on clinical 
grounds to distinguish inflammatory from noninflam- 
matory disease. 

Longitudinal studies have shown that diverticula 
can regress in the early stages of their development or, 
conversely, become more numerous with time. 
Whether a high-fiber diet prevents such progression or 
protects against superimposed diverticulitis is still unes- 
tablished. In most instances patients live comfortably 
with their diverticula, although some require high-fiber 
diets such as supplementation with unprocessed bran— 
leading one improved but revolted patient to grumble: 
“The treatment may be worse than the disease. *°? Even 
when diverticulitis supervenes, as judged by an increase 
in pain, fever, and leukocytosis, it most often resolves 
spontaneously. Only about 20% of patients with suffi- 
ciently severe symptomatic disease to lead them to seek 
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hospitalization require surgery for obstructive or inflam- 
matory complications. 


THE GASTROINTESTINAL TRACT 


MELANOSIS COLI 


This curious brown-black discoloration of the mu- 
cosa, involving either a large segment or the entire 
large bowel, is of anatomic interest alone since it never 
produces clinical symptoms. The mucosal surface is 
intact and unaltered other than for the pigmentation, 
which histologically is associated with brown-black pig- 
ment granules within large mononuclear cells or mac- 
rophages in the lamina propri. The granules can be 
resolved as lysosomes under the electron microscope.” 
Histochemical studies indicate that the pigment has 
some of the characteristics of both melanin and lipofus- 
cin. Even more obscure than the nature of the pigment 
is its origins. It has been attributed to the use of 
cathartics of the anthracene type, including cascara 
sagrada, senna, aloe, and rhubarb, and indeed can be 
induced in individuals by the chronic use of these 
agents. The pigmented lysosomal granules might then 
represent phagocytized debris of mucosal cells damaged 
by the toxic action of the cathartics. However, such 
speculation fails to account for the fact that the pigmen- 
tation stops abruptly at the ileocecal junction. What 
spares the small intestine? The incidence of carcinoma 
in such colons is no higher than in less colorful colons. 


VASCULAR LESIONS 
ISCHEMIC INJURY 


Ischemic injury to the colon, often somewhat in- 
appropriately referred to as “ischemic colitis,” was dis- 
cussed on page 831. There, it was pointed out that, to 
an extent, the large bowel is protected from such 
damage because of its double blood supply, i.e., mes- 


enteric vessels as well as accessory vessels from the 
posterior abdominal wall. Nonetheless, vascular insuf- 
ficiency infrequently induces one of three patterns of 
injury, referred to as (1) transmural infarction, (2) mural 
infarction, and (3) mucosal infarction. The meaning of 
transmural infarction is clear. The terms mural infarction 
and mucosal infarction are applied to ischemic injuries 
that involve the inner layers of the colon but spare the 
deeper levels, i.e., the muscularis and serosa. In the 
past, this pattern of ischemic injury has been referred 
to as “hemorrhagic enteropathy. ” 


HEMORRHOIDS 


Hemorrhoids are variceal dilatations of the anal and 
perianal venous plexuses. These extremely common 
lesions affect about 5% of the general population and 
are rarely encountered in persons under the age of 30, 
except in pregnant women. They develop secondary to 
persistently elevated venous pressure within the he- 
morrhoidal plexus. Although any cause of consistent 
venous congestion may be responsible, the most fre- 
quent predisposing influences are constipation with 
straining at stool and the venous stasis of pregnancy. 
The latter state is related to the overall congestion in 
the pelvis as well as the pressure of the enlarged uterus 
upon the iliac vessels. More rarely, but much more 
importantly, hemorrhoids may reflect collateral anasto- 
motic channels that develop as a result of portal hyper- 
tension. On this basis, the appearance of hemorrhoids 
may be a clue to the existence of some diffuse hepatic 
disease or portal vein occlusion. 

The varicosities may develop in the inferior he- 
morrhoidal plexus and be located below the anorectal 
line (external hemorrhoids), or they may develop from 
dilatation of the superior hemorrhoidal plexus and pro- 
duce internal hemorrhoids (Fig. 18-47). Commonly, 
both plexuses are affected, and the varicosities are 
referred to as combined hemorrhoids. 


Figure 18-47. Hemorrhoids. External mucosal protrusions containing markedly dilated veins. 


Histologically, these lesions consist only of thin- 
walled, dilated, typical varices that protrude beneath 
the anal or rectal: mucosa. In their exposed, traumatized 
situation, they tend to become thrombosed and, in the 
course of time, canalized. Occasionally, internal hem- 
orrhoids may protrude through the anal sphincter and 
become strangulated by the contraction of the sphincter 
about their bases. Superficial ulceration, fissure forma- 
tion, and hemorrhagic infarction with strangulation com- 
plicate the histologic picture and clinical problem. 


ANGIODYSPLASIA (VASCULAR ECTASIA) OF 
RIGHT COLON 


Tortuous, abnormal dilatations of the submucosal 
veins in the cecum and ascending colon are a recently 
recognized frequent cause of lower gastrointestinal 
bleeding in the aged. These vascular lesions have es- 
caped detection in the past because they were so hard 
to identify clinically with the then available diagnostic 
methods.*™ Barium studies do not reveal the vascular 
dilatations since they are almost entirely intramucosal. 
The pathologist, too, may miss them as the blood drains 
out during dissection. Only when colonoscopy and se- 
lective mesenteric angiography became available was it 
possible to identify these lesions. 


Angiodysplasia is most often located within the cecum, 
but the right colon may also be affected. The vascular 
alterations range from small, focal, mucosal, vascular ecta- 
sias to large, dilated, tortuous, submucosal veins associated 
with extensive dilatation of thin-walled mucosal venules and 
capillaries.2° Rupture of one or more of these abnormal 
vessels accounts for the colonic bleeding. 


The incidence of this condition is not known but it 
has been referred to as one of the major causes of 
unexplained anemia or gastrointestinal bleeding in the 
aged.” Although it is possible that the lesions represent 
congenital malformations or are neoplastic, most believe 
that they are acquired vascular ectasias that rarely 
appear before the seventh decade of life. Partial, inter- 
mittent obstruction of the submucosal veins where they 
traverse the muscularis may underlie their develop- 
ment. According to Laplace’s law, tension in the wall of 
a cylinder is a function of intraluminal pressure and 
diameter. Because the cecum has the widest diameter 
of the colon, it develops the greatest wall tension, 
predisposing to intermittent occlusion of thin-walled 
veins where they pass through the muscularis, raising 
pressures in the submucosal and mucosal tributaries. 
Presumably, decades of intermittent obstruction are 
required, which explains the restriction of this condition 
to the aged. Vascular degenerative changes related to 
aging may play some role. 


INFLAMMATIONS 


The many forms of colitis caused by specific infec- 
tious agents were considered together with the involve- 
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ments of the small intestine on page 833, since inflam- 
mations of the small bowel and colon are so closely 
related and have similar causes. There remain to be 
considered only idiopathic ulcerative colitis and pseu- 
domembranous colitis. 


Colon 


IDIOPATHIC ULCERATIVE COLITIS 


This form of colitis is a recurrent acute and chronic 
ulceroinflammatory disorder of unknown etiology af- 
fecting principally the rectum and left colon, but some- 
times the entire large bowel.'* Like Crohn’s disease, 
ulcerative colitis is in reality a systemic disorder asso- 
ciated in some patients with migratory polyarthritis, 
sacroiliitis, ankylosing spondylitis, uveitis, various forms 
of hepatic involvement, and skin lesions. As mentioned 
previously, there are many other similarities between 
the two conditions (see p. 836). Most important, Crohn’s 
disease may also involve the colon.” Indeed, in about 
30 to 35% of cases of Crohn’s disease the large and 
small intestine are affected concurrently, and in an 
additional 20 to 30% the colon alone is involved.!8 
Thus, there is a growing tendency to refer to both as a 
single entity—“inflammatory bowel disease” (IBD). 
However, unlike the granulomatous inflammatory 
changes in Crohn’s disease (hence the term granuloma- 
tous colitis), well-developed granuloma formation rarely, 
if ever, appears in ulcerative colitis. Other distinguish- 
ing features between the two conditions have already 
been mentioned in the consideration of Crohn’s disease, 
but will be emphasized in the later discussion (p. 861). 
In our present state of confusion and ignorance, it seems 
best to consider them as separate entities. 

EPIDEMIOLOGY. Ulcerative colitis is global in distri- 
bution despite previous misconceptions that it was prin- 
cipally a disease of Western nations. In the United 
States, Great Britain, and Scandinavia the incidence is 
about four to six per 100,000 population. It is much less 
common in the U.S.S.R., Japan, and the South Ameri- 
can nations. The incidence of this condition in high-risk 
locales has risen significantly in the past few decades.2® 
In the U.S. it is more common among whites than 
among blacks. Females are affected more often than 
males. The onset of the disease peaks between the ages 
of 20 and 25 years, but the condition may arise in both 
younger and considerably older individuals. It was 
thought that Jews were affected more often than non- 
Jews, but studies from Israel contradict this. As with 
Crohn's disease there are hints of genetic influences. 
About 25% of families of patients have other members 
with ulcerative colitis and/or Crohn’s disease.” Individ- 
uals with both ulcerative colitis and ankylosing spon- 
dylitis have an increased frequency of HLA-B27, but 
this association is now clearly related to the spondylitis 
and not to the ulcerative colitis. Other HLA associations 
have been recorded, but none are impressive.!* 

ETIOLOGY AND PATHOGENESIS. The current state of 
confusion about the origins of the two forms of IBD— 
ulcerative colitis and Crohn’s disease—was discussed on 
page 837. 
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MORPHOLOGY. Ulcerative colitis invariably begins 
in the rectum and spreads proximally in continuity. 
“Skip” lesions such as occur in Crohn’s disease are not 
found. Sometimes one segment of the colon shows active 
inflammatory ulceration while another segment may be heal- 
ing, creating the false impression of discontinuous lesions. 
In severe expressions of ulcerative colitis, with involvement 
of the entire colon, a “backwash ileitis” may develop in 
about 10% of cases, but the small intestinal involvement is 
not readily confused with fully evolved regional enteritis. '*° 

An acute and chronic phase can be recognized. In acute 
ulcerative colitis the bowel wall is neither significantly thick- 
ened nor inelastic, and the serosa is unaffected. The hyper- 
emic, edematous mucosa at this stage may reveal a lack of 
the usual mucous secretions. More apparent in the acute 
disease is the development of small focal mucosal hemor- 
rhages, many of which develop suppurative centers (crypt 
abscesses) that may give rise to small ulcerations. With 
chronicity the suppuration extends laterally in the submucosa 
to undermine the mucosal margins, thus producing numer- 
ous so-called aphthous ulcers, often closely spaced. Typi- 
cally they are round or oval. With progression these small 
ulcers coalesce to become irregular in shape, but rarely do 
they replicate the linear serpentine fissuring of Crohn’s 
disease (Fig. 18-48). In the usual acute-to-chronic disease 
the ulcerations are confined to the mucosa and submucosa 
and do not erode the muscularis. Often the undermined 
edges of adjacent ulcers interconnect to create tunnels 
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Figure 18—48. Ulcerative colitis. The dark, irregular pattern com- 
prises ulcerations that have in many instances coalesced, leaving 
virtual islands of residual, paler mucosa. A tendency toward pseu- 
dopolyp formation is already evident. 


Figure 18—49. Chronic nonspecific ulcerative colitis. The irregular, 
elongated, seemingly smooth-based ulcers are separated by trans- 
versely corrugated strands of persisting mucosa. Coalescence of 
undermined margins of closely adjacent ulcers has left a bridge of 
mucosa, seen over the central paper tab. 


covered by tenuous mucosal bridges (Fig. 18—49). Expan- 
sion and coalescence of the ulcers can denude large tracts 
of the involved colon, and sometimes in severe cases they 
become deeper to extend into the muscularis. Virtually the 
entire mucosa may be destroyed, often leaving residual 
islands of edematous hyperemic mucosa. Swollen, inflam- 
matory tags of mucosa may bulge upward to create “pseu- 
dopolyps.” Sometimes, in the very acute severe disease, 
there is marked “toxic” dilatation of the colon. Indeed, the 
inflammatory process may create microfissures to penetrate 
the colonic wall, producing pericolic abscesses, but gross 
fistulous tracts such as are seen in Crohn’s colitis are very 
rare. In the absence of such penetration, the serosa does 
not appear to be affected. 

Over the long chronicity of recurring attacks, the ulcero- 
inflammatory disease leads to fibrosis and thickening of the 
bowel wall, but rarely to the same degree as in granuloma- 
tous colitis. The fibrosis does narrow the lumen, but rarely 
sufficiently to cause obstruction. With remission, the ulcers 
heal, but the pseudopolyps may remain, as well as such 
residual fibrosis and thickening of the wall as have devel- 
oped. Particularly important is the possible superimposition 
of colonic carcinoma, as discussed later. 

Histologically, the active phase of the disease is 
characterized by crypt abscesses and ulcerations ex- 
tending down to the muscularis and surrounded by a 
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Figure 18-50. A deeply situated mucosal abscess in early devel- 
opmental stage of acute ulcerative colitis. 


prominent mucosal infiltrate of inflammatory cells (Fig. 
18-50). The inflammatory process appears to begin within 
the depths of scattered crypts; as the disease continues and 
becomes chronic, rupture of the crypts into the lamina propria 
and into the submucosa permits the process to expand 
laterally. In this way the surrounding mucosa is undermined 
and sloughs to produce an ulceration. The remaining lamina 
propria is heavily infiltrated with neutrophils, lymphocytes, 
plasma cells, and occasionally mast cells. Sometimes the 
small vessels immediately underlying an ulceration disclose 
acute vasculitis, raising the possibilities that the ulcerations 
are the consequence of ischemic necrosis of the mucosa 
followed by secondary infection, and that the basic process 
in ulcerative colitis is an immunologically mediated diffuse 
vasculitis. Important features that help to differentiate ulcer- 
ative colitis from Crohn’s colitis are as follows: (1) the 
ulcerations rarely extend significantly into the muscularis, 
and hence there rarely is fistula formation; (2) the inflam- 
matory reaction is nonspecific and there is no granuloma 
formation; (3) there are no “skip” lesions as in Crohn’s 
disease; and (4) the inflammatory tags of mucosa, the 
pseudopolyps, are not seen in Crohn’s disease. 

Particularly significant in this condition are the cytologic 
changes in the epithelium of the inflamed segment of colon, 
as well as in the pseudopolyps, collectively referred to as 
low- to high-grade dysplasia to overt carcinoma. Sometimes 
these cytologic changes are present in uninflamed mucosa, 
some distance from active disease. They have been elabo- 
rately subdivided into various grades of dysplasia ranging 
from mild to severe, becoming transformed too frequently 
into carcinoma.?” The severity of the dysplasia and risk of 
carcinoma are directly related to the extent of the disease 
in the colon and the duration. With extensive involvement or 
so-called universal (entire colon) involvement, the incidence 
of carcinoma is about 1% under 10 years, 3.5% at 15 years, 
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10 to 15% at 20 years, and over 30% at 30 years.”"° With 
only left or right-sided colitis, the risk with long-standing 
disease is in the range of 3 to 5%. When the involvement is 
limited to the rectum, there is less danger of cancer. Ulcer- 
ative colitis is typically a recurrent disease. During remissions 
the mucosa may regenerate, often with the production of a 
more primitive epithelium lining cystically dilated and atypical 
glands. The precancerous epithelial changes may persist, 
however, as does the risk, and so the statement “10 years’ 
duration” does not necessarily imply unremitting active dis- 
ease. 

Although repeated reference has been made to ana- 
tomic features that help to differentiate ulcerative colitis from 
Crohn’s disease, experts point out that in about 10 to 20% 
of resected colonic specimens the colitis is “indetermi- 
nate.”'*® Some of the overlaps and differential features are 
summarized in Table 18—7. 
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CLINICAL CouRSE. Ulcerative colitis typically pre- 
sents as a remitting, relapsing disorder marked by 
attacks of bloody mucoid diarrhea that may persist for 
days, weeks, or months and then subside, only to recur 
after an asymptomatic interval of months to years or 
even decades. In the fortunate patient, the first attack 
is the last. At the other end of the spectrum, the 
explosive initial attack may lead to such serious bleeding 
and fluid and electrolyte disturbance as to constitute a 
medical emergency. In most patients, bloody diarrhea 
containing stringy mucus, lower abdominal pain, and 
cramps, usually relieved by defecation, are the first 
manifestations of the disease. These appear insidiously 
but become progressively worse. Often this first attack 
is preceded by a stressful period in the patient's life. 
Persistence of the manifestations for even a short time 
is usually followed by fever and weight loss. Sponta- 


Table 18-7. RELATIVE FREQUENCY OF MORPHOLOGIC 
FINDINGS IN ULCERATIVE COLITIS (UC) vs. CROHN’S 
DISEASE OF COLON (CD) 


Gross Features UC CD 
Total colonic involvement +++ q. 
Distal predominance ++4++ + 
Right colon predominance hs Ss ad 
“Skip” lesions cae oes 
Broad-based ulcers +4+4 ea 
Serpentine fissures etic He 
Transmural fibrous thickening i + + 
Pseudopolyps avo Oto + 

Microscopic Features 
Granulomas ) fe fe 
Nonspecific acute and chronic + + + + ++ 

inflammation 
Crypt abscesses chs he oe £ 
Transmural inflammation + ape obs +b 


Modified from Yardley, J. H., and Donowitz, M.: Colorectal biopsy in inflam- 
matory bowel disease. /n Yardley, J. H., et al. (eds.): The Gastrointestinal 
Tract. Baltimore, Williams & Wilkins Co., 1977, p. 50. 
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neously, or more often after appropriate therapy, these 
symptoms abate in the course of days to weeks. An 
asymptomatic interval of varying length follows, after 
which stress (emotional or physical) may typically cause 
a flareup of the clinical manifestations. Sometimes, 
concurrent intraluminal growth of Clostridium difficile 
with its enterotoxin provokes the recurrent attack. Sud- 
den cessation of bowel function with production of toxic 
dilatation of the colon, called “toxic megacolon,” may 
appear with any acute attack. 

As mentioned earlier, with chronic disease, extra- 
gastrointestinal manifestations are quite common: an- 
kylosing spondylitis in 5 to 15%, arthritis of large joints 
in another 6%, and uveitis in 11% as well as nonspecific 
hepatitis, pericholangitis, and skin lesions (principally 
erythema nodosum and pyoderma gangrenosum). Some 
of these systemic problems, indeed, may precede the 
onset of the bowel disease and persist after colectomy. 

The outlook for patients with this condition depends 
on two factors: (1) the severity of the disease and (2) its 
duration. About 60% of patients have what can be called 
“mild disease.” In these individuals, the bleeding and 
diarrhea are not severe, and systemic signs and symp- 
toms are absent. Medical management is usually effec- 
tive in controlling the manifestations, and the develop- 
ment of colonic cancer is much less frequent than in 
the severe forms of the disease. About 25% of patients 
have “fulminant ulcerative colitis.” The sudden onset 
may be characterized by intractable diarrhea, severe 
bleeding, high fever, and serious electrolyte and fluid 
disturbances. This toxic form of the disease, unless 
controlled, can lead to death soon after its onset. 

As must now be obvious the most feared long-term 
complication is cancer.”!! Depending on the duration 
and extent of the disease, it is now standard practice to 
monitor closely the possible appearance of dysplastic 
changes or carcinoma with colonoscopy and multiple 
mucosal biopsies at regular intervals. When carcinomas 
develop in these patients they tend to be more infiltra- 
tive, and multiple cancers are more frequent than in 
those without preexisting colitis. Moreover, the under- 
lying inflammatory disease tends to mask the symptoms 
and signs of carcinoma, so that these cancers are ex- 
tremely insidious and inoperable twice as often as those 
in patients without colitis.? 
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PSEUDOMEMBRANOUS COLITIS (PMC) 


This entity (also described on p.327) constitutes an 
acute form of colitis characterized by pseudomembrane 
formation overlying sites of mucosal injury. It is usually, 
if not always, caused by the toxin of Clostridium difficile, 
a normal gut commensal. However, this brief charac- 
terization requires qualification. Infrequently, the small 
intestine is involved, and so the condition sometimes is 
truly “pseudomembranous enterocolitis.’ Pseudomem- 
brane formation is not restricted to Cl. difficile; it may 
result from ischemic injury or other enteric infections 
with staphylococci, Shigella, and sometimes Candida. 


Cl. difficile has also been implicated in initiating relapses 
of chronic IBD such as Crohn's disease and idiopathic 
ulcerative colitis.?24> More often, however, it appears as 
an acute diarrheal colitis in patients without a back- 
ground of chronic enteric disease who have received 
broad-spectrum antibiotics, particularly clindamycin 
and lincomycin.?* Thus, the condition is sometimes 
referred to as “antibiotic-associated colitis.” However, 
it may appear in the absence of antibiotic therapy 
typically after surgery or superimposed on some chronic 
debilitating illness. It has also been recorded as a 
spontaneous infection in young adults without predis- 
posing influences.?!° 


Fully evolved PMC is marked by patchy areas of mu- 
cosal inflammation in the large intestine to which are at- 
tached dirty gray-yellow membranous coagula constituting 
the pseudomembranes. The underlying mucosa! surface 
may reveal very shallow to well-defined ulcerations of the 
mucosa. Milder expressions may reveal only hyperemia, 
edema, and thickening of the mucosa without pseudomem- 
brane formation. Microscopically, the pseudomembrane is 
composed of a coagulum of fibrin and mucin containing 
recognizable inflammatory cells, as well as a potpourri of 
cellular debris derived from leukocytes and mucosal epithe- 
lial cells. Typically, the fibrinomucinous exudate appears to 
erupt in volcano-like fashion from the crypts in the mucosa. 
There is an intense infiltrate of neutrophils admixed with 
mononuclear cells in the lamina propria of affected areas. 


The diagnosis can be established clinically by iden- 
tification of the toxin in the stools. Recognition of this 
condition is paramount since it can be promptly cured 
by vancomycin administration. 


LYMPHOPATHIA VENEREUM 


The primary site of origin of this disease in the 
female is the cervix or vagina (p. 294). Drainage of the 
infection in this sex occurs to the lymph nodes about 
the rectum. In the male, with the external genitalia as 
the primary site, only the inguinal nodes are affected. 
Therefore, in females, inflammation may extend from 
the neighboring nodes to involve the rectal wall. Al- 
though basically a perirectal process, at a far advanced 
stage it produces sufficient inflammation, fibrosis, and 
scarring of the rectum to cause narrowing of the bowel. 
Trauma to the wall by the passage of solid feces through 
the point of narrowing occasionally produces mucosal 
ulcers. Lymphopathia must therefore be considered in 
the differential diagnosis of rectal obstruction in the 
female. 


TUMORS OF COLON 


The colon (as used here taken to include the 
rectum) is the segment of the gastrointestinal tract most 
frequently affected by tumors. Bronchogenic cancer 
“holds the grisly trophy” for being the leading cancer 


killer, but colonic carcinoma is second; the respective 
number of deaths in the United States in 1984 were 
estimated at 121,000 and 59,500. Benign tumors such 
as lipomas, leiomyomas, angiomas, and mesenchymal 
lesions may occur here (Fig. 18-51), but the great 
majority of benign tumors are epithelial polyps. These 
are even more common than cancers and are present in 
as many as 25 to 50% of older adults.7!° Many are non- 
neoplastic and are referred to as hyperplastic polyps. 
However, some are true neoplasms and are called 
“adenomatous polyps.” The adenomatous lesions have 
great importance because of the growing body of evi- 
dence that they represent precursors of colonic can- 
cer.”!7 Both adenomatous polyps and colonic carcinomas 
represent a challenge to clinical medicine since diag- 
nostic modalities are widely available for their early 
discovery and cure can be achieved by resection. Thus, 
deaths from colonic cancer in the U.S. must each be 
viewed as a preventable tragedy. 


POLYPS 


A polyp of the colon may be defined as any lesion 
that protrudes above the surface of the surrounding 
mucosa. Although a large variety of benign neoplasms— 
leiomyomas, fibromas, lipomas, as well as cancers—may 
take the form of polyps, the great majority are mucosal 
in origin and fall into two broad categories: hyperplastic 
and adenomatous. The latter are true neoplasms and 
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Figure 18—51. Submucosal lipoma in colon, which has been pedun- 
culated by traction of intestinal peristalsis. 
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sometimes harbor foci of carcinoma, whereas the former 
are best viewed as benign, controlled proliferations. 
Adenomatous polyps can be subdivided further into 
three histologic types: tubular (glandular), tubulovil- 
lous, and villous. There is, in general, a correlation 
between type and size. Hyperplastic polyps are the 
smallest, tubular adenomas are next in size, and the 
villous adenoma is generally the largest. There is also a 
correlation between the size of a lesion and its likelihood 
of harboring cancer. There is general agreement that 
hyperplastic polyps almost always are benign. There is 
equal unanimity that somewhere between 25% and 50% 
of villous adenomas harbor carcinomas. It is the inter- 
mediate-sized tubular adenomas that are the center of 
a major controversy. Some experts contend that they 
rarely give rise to cancer; others are less confident, 
particularly of the larger lesions. Fenoglio, for example, 
holds to the latter view, as the following excerpt indi- 


cates:7!§ 


Hyperplastic polyps [not having cancerous potential] are at least 
ten times more frequent than adenomas. Adenomas smaller than 1.5 
cm are ten times more frequent than larger adenomas; thus, large 
adenomas represent about 1% of all large-bowel polyps. Let us 
consider a population of 1000 occurring in the colorectum. Of these 
1000 polyps, 900 will be the small, non-neoplastic, hyperplastic 
polyps. The remaining 100 will be adenomas. Of these 100 adenomas, 
90 will be small adenomas, less than 1.5 cm in diameter, and focal 
carcinoma will be very rare. The remaining 10 polyps will be large 
adenomas, and of these, one will contain a focus of invasive carcinoma. 
Thus, if one considers all polyps, the incidence of invasive carcinoma 
is 0.1%. However, if you consider only the larger adenomas, that is, 
greater than 1.5 cm, then 10% of these polyps will contain invasive 
cancer. 

Thus, we see that the likelihood of developing cancer in any 
polyp, which is randomly chosen from all polyps without regard for 
the histologic type or the size, is very small. However, if one considers 
the subgroup, that is, larger adenomas, the chance of developing 
carcinoma is significant and indeed the larger adenomas may be 
considered precancerous lesions. 


We will return to the adenoma-carcinoma contro- 
versy after a description of the various histologic types 
of epithelial polyps. But first, a few words are in order 
about their biologic origins. All epithelial polyps arise 
from the cells deep in the crypts of the colonic mucosal 
glands. Normally, cell division in the colonic mucosa is 
restricted to the deepest third of the crypt. Presumably 
in the formation of epithelial polyps the controlling 
mechanisms of cell divisions are deranged, leading to 
hyperplastic polyps or adenomatous lesions.?!® Thus, it 
is proposed that some loss of growth control in a slightly 
expanded zone of crypt cells leads to a hyperplastic 
polyp. A more complete loss of controls along the entire 
crypt results in a neoplastic polyp. In the course of such 
changes, the cells along the entire depth of the crypt 
(including the upper two-thirds) retain their capacity to 
divide, as can be shown by their ability to incorporate 
thymidine and synthesize DNA. It would appear that 
the mechanisms that normally shut off DNA synthesis 
in the upper two-thirds of the crypt are to a greater or 
lesser extent lost. The ultimate size of the neoplastic 
polyp may be a function of time, the extent of loss of 
growth controls, the adequacy of the blood supply, or 
other factors still unknown. 
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Although hyperplastic polyps represent 90% of all epi- 
thelial polyps in autopsy surveys, they account for only 15 
to 20% of surgically removed polyps because most are 
asymptomatic and only removed when discovered in the 
course of investigations for other reasons. They may arise 
at any age, but are usually diagnosed in the sixth and 
seventh decades when other disorders calling for sigmoid- 
oscopy, colonoscopy, and radiography (e.g., colonic cancer) 
are also particularly prevalent. 

About 60 to 80% are located in the rectosigmoid, 20% 
in the ascending colon, and the remainder in other colonic 
locations.”° Typically, they are smooth, moist, round to 
finger-like, tan, sessile lesions sitting on top of a mucosal 
fold. They may occur singly, but multiple polyps are very 
frequent. In autopsies 9Q% are less than 5 mm in diameter, 
but surgical specimens tend to be larger because with 
enlargement they are more likely to produce bleeding and 
be discovered. Among surgical specimens they represent 
less than half of all polyps smaller than 5 mm in diameter 
since they are outnumbered by small tubular adenomas. 
Larger lesions may have a short broad stalk and so can 
resemble the pedunculated tubular adenoma. Histologically, 
they are composed of well-formed glands and crypts lined 
by non-neoplastic epithelial cells, most of which show differ- 
entiation into either mature goblet or absorptive cells. Owing 
to infoldings of the crowded epithelial cells, the linings often 
develop a serrate or sawtooth luminal profile. The glands 
and crypts are separated by connective tissue resembling 
the lamina propria. Larger hyperplastic polyps sometimes 
develop foci of adenomatous change, described below. 


The major clinical significance of these lesions is 
their differentiation from the more ominous adenoma- 
tous polyps. The small, sessile moist lesions are reason- 
ably distinctive. The rare hyperplastic polyp with a stalk 
may be discriminated only by anatomic study. There is 
general agreement that by themselves hyperplastic 
polyps have no cancerous potential. Still unanswered is 
the question whether the hyperplastic polyp would in 
time be transformed into neoplastic adenoma;”' the fact 
that a small minority contain adenomatous foci suggests 
such a possibility. 


Tubular Adenoma (Pedunculated Polyp) 


About 75% of all adenomatous polyps are tubular 
adenomas. Because of this predominance they are some- 
times referred to as “adenomatous polyps, an unfortu- 
nate practice since tubulovillous and villous adenomas 
are also adenomatous. Tubular adenomas occur sporad- 
ically in the general population but are also encountered 
in certain well-defined hereditary syndromes such as 
familial multiple polyposis. The following remarks are 
limited to the sporadic lesions; the familial patterns will 
be discussed later. In one large series, the average age 
of patients having sporadic tubular adenomas was 60 
years, with a male preponderance of 2:1.” Their fre- 
quency progressively increases after 30 years of age. 
These are the lesions that sit in the center of the 
“adenoma-carcinoma sequence controversy. 


MORPHOLOGY. Tubular adenomas are found mainly in 
the left colon, including the rectum (75%). About 50 to 60% 
arise in the rectosigmoid, accessible to sigmoidoscopic ex- 
amination. More than 50% of sporadic tubular adenomas 
occur singly. In about 30 to 40% of cases two or more are 
present simultaneously, and one-sixth of patients have more 
than five.?2* In practical clinical terms, when a single tubular 
adenoma is present there is a 20% chance of finding an 
additional one or more within five years, which increases to 
40% when multiple polyps are present. Most often they have 
slender stalks and raspberry-like heads, hence the term 
pedunculated adenomas (Fig. 18-52). Occasionally they 
are sessile, ovoid, or hemispheric lesions or, rarely, flat and 
plaquelike. The heads of the pedunculated lesions range in 
size from a few millimeters to many centimeters in diameter, 
and the stalks from 1 to several centimeters in length.’ 
Transsection discloses a central core of fibrovascular tissue 
that arises in the submucosa and extends in continuity 
through the center of the stalk and head. The stalk is usually 
covered with normal colonic mucosa, but in the head of the 
lesion the polypoid epithelium is considerably thicker. 

Histologically the adenomatous epithelium in the bul- 
bous head is composed of closely aggregated, elongated 
tubules and glands separated by a scant connective tissue 
stroma. The epithelial cells lining these configurations show 
poor differentiation into the two normal cell types, although 
scattered goblet cells may persist. The lack of differentia- 
tion into specialized cell types most clearly separates 
neoplastic adenomatous polyps from hyperplastic pol- 
yps. The cells are tall and crowded and have pseudostrati- 
fied nuclei, giving the appearance of a “picket fence.” 


Figure 18-52. Low-power view of a slender-stalked colonic polyp 


indicating increased chromaticity and height of glands covering 
head of lesion. 


point of transition between normal colonic mucosa and polypoid 
atypicality. A striking comparison is evident between regular, col- 
umnar, mucus-secreting epithelium and atypical, but not cancerous, 
polypoid epithelium. 


Marked nuclear hyperchromasia and an increase in the 
nuclear-cytoplasmic ratio are usually present. A range of 
dysplasia and atypia is encountered. At one end of the 
spectrum the cells lining the tubules and glands are arrayed 
in orderly palisades. In such lesions the individual cells may 
show occasional mitoses and some hyperchromasia, but 
anaplasia is absent (Fig. 18-53). As would be expected of 
a benign lesion, there is no evidence of penetration of glands 
or cells into the central fibrovascular core. From this clearly 
innocent end of the spectrum all degrees of cytologic atypia 
and dysplasia may be encountered, to the extreme of 
unmistakable anaplasia indicative of carcinoma. Glands and 
crypts tend to be more closely packed and sometimes “back 
to back.” Cell crowding and increase in nuclear size as well 
as hyperchromasia become progressively more marked; the 
cells lose their normal palisaded array and pile up upon one 
another. Mitotic figures become more numerous and abnor- 
mal. The atypical epithelium may remain restricted within 
the glandular basement membranes (carcinoma in situ) or 
invade the fibrovascular core. Whether the invasion must 
penetrate the muscularis mucosae, or more deeply into the 
core of the polyp to constitute a biologically significant 
carcinoma, or merely be superficial above the muscularis 
mucosae is still in dispute. However, there is no disagree- 
ment over the fact that tubular adenomas may contain villous 
areas. By generally accepted convention, tubular lesions 
having up to 20 to 25% of villous growth are still referred 
to as tubular adenomas. In most instances when carcino- 
matous change arises in a tubular adenoma it is located 
within such villous foci.?2 

The diagnosis of carcinoma in a tubular adenoma can 
be treacherous and, ultimately, is subjective, accounting for 
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the great variability in the reported frequencies of cancer in 
tubular adenomas. Clear-cut invasion of the fibrovascular 
core, particularly when it extends through the muscu- 
laris mucosae, is the most reliable criterion. The following 
generalizations are relevant. Pure tubular adenomas having 
no villous component very rarely have either carcinoma in 
situ or invasive carcinoma. The risk is directly related to the 
proportion of the villous growth, which in turn is correlated 
with size. Tubular adenomas less than 1 cm in diameter 
have a 1% chance of containing a focus of cancer, which 
in many instances has not penetrated the muscularis 
mucosae and so is not biologically significant.”*5 In those 
1 to 2 cm in size, the risk of cancer rises to 5 to 10% in 
parallel with the proportion of villous architecture.7° When a 
tubular adenoma is greater than 2 cm in diameter, the risk 
of cancer is even higher and is usually associated with a 
significant villous component. Overall, when tubular adeno- 
mas of all sizes are included, the incidence of carcinoma is 
about 3 to 5%.?2” 


Tubular adenomas are most often discovered as 
incidental lesions at autopsy, or during endoscopic or 
barium enema studies performed for investigation of 
some other intestinal problem. Occasionally, however, 
they come to clinical attention because of bleeding. 
Rarely, large pedunculated lesions may be the leading 
point of an intussusception. Their major significance 
relates to their biologic potential, as has already been 
made clear. According to best available evidence, the 
presence of in situ or intramucosal carcinoma requires 
no further treatment of a stalked polyp other than its 
excision. With submucosal invasion of Sessile lesions, 
segmental resection of the colon is necessary, since 
residual tumor is likely in 15 to 20% of cases.”! The 
dilemma arises with stalked lesions having some invasion 
of the stalks. Although opinions vary widely, the pre- 
vailing practice is segmental resection if the invasion 
extends into the base of the stalk. 


Villous Adenoma 


Any colonic adenoma more than 50% (some would 
say 75%) villous in architecture is called a villous ade- 
noma. These are the least common, the largest, and the 
most ominous of the epithelial polyps. In most series 
they represent about 10 to 15% of resected adenomatous 
polyps.” These lesions usually are first identified in 
patients 60 to 65 years of age; uncommonly they occur 
under the age of 50. Males and females are affected 
almost equally. 


The localization of villous adenomas is as follows: 
rectum, 50 to 55%; sigmoid, 30%; descending colon, 10%; 
and the remainder distributed throughout the more proximal 
levels of the large bowel. These neoplasms therefore pre- 
dominantly arise within reach of the sigmoidoscope; tubular 
adenomas are not as heavily clustered in the rectosigmoid. 
They range in size from less than 1 cm to 8 to 10 cm in 
diameter. The great preponderance are broad sessile, 
slightly lobular, or velvety gray-tan, nonpedunculated lesions 
projecting along a broad front about 1 to 3 cm above the 
surrounding mucosa (Fig. 18-54). Focal areas of hemor- 
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rhage or surface ulcerations are sometimes present. Infre- 
quently, they have a broad, short stalk. | 

Histologically, at least half of the villous adenoma is 
composed of finger-like, or sometimes branching, papillae 
covered by polypoid epithelium. The residual portion of the 
polyp may present tubular features. There is an almost linear 
correlation between the size of the polyp and its proportion 
of villous features.22@ Each papilla is composed of fibrovas- 
cular core covered by epithelium ranging (among the various 
lesions) from a single layer of regularly aligned, tall columnar 
cells to unmistakably anaplastic cells having a disorderly 
multilayered arrangement. Sometimes the anaplastic cells 
form closely-packed aggregates or anaplastic glands (Fig. 
18-55). The individual cells have large hyperchromatic nu- 
clei, and mitoses may be numerous. Carcinoma in situ 
without invasion of the underlying fibrovascular core or 
submucosa of the colon is present in about 10% of villous 
adenomas, with frank invasive carcinoma in an additional 
25 to 40% (average among series, 30%).”*” 
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Villous adenomas are symptomatic much more fre- 
quently than are the other adenomatous polyps. Most 
commonly they cause rectal bleeding, but in addition 
they infrequently may hypersecrete copious amounts of 
mucoid material that is sufficiently rich in protein to 
produce hypoproteinemia, particularly hypoalbumine- 
mia, constituting in effect a protein-losing enteropathy. 
In addition, the mucous secretion contains large 
amounts of potassium, sometimes causing hypokalemia. 
Rarely, the villous lesions may induce persistent diar- 
rhea and significant loss of fluid and other electrolytes. 
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Fig. 18-54 


There is no dispute that villous adenomas are 
precancerous lesions that harbor invasive cancers in 
about one-third of cases. Thus, diagnosis at the earliest 
possible moment and adequate resection are imperative. 


Tubulovillous Adenoma 


Tubulovillous adenomas, as the name implies, com- 
bine features of both tubular and villous adenomas. By 
definition, the villous component ranges between 20 
and 50%. As already noted, lesions with less than 20% 
villous architecture are defined as tubular adenomas, 
and those with more than 50% as villous adenomas. 
With their proportion of villous elements, the malignant 
potential of tubulovillous adenomas is about halfway 
between the other two types. 

The distribution of these lesions in the colon is the 
same as that of tubular adenomas. They range in diam- 
eter from 0.5 to 5 cm and thus are intermediate between 
tubular and villous adenomas. Most have a stalk and are 
macroscopically indistinguishable from tubular adeno- 
mas, but they have a slightly greater tendency to sessile 
growth. The histologic appearance covers a wide spec- 
trum from that of the clearly benign tubular adenoma 
to all levels of atypia and anaplasia, extending to invasive 
carcinoma in the villous areas. Differentiation of tubu- 
lovillous lesions from the other two forms can be accom- 
plished only microscopically. 


Fig. 18-55 


Figure 18-54. Close-up of villous sessile polyp of colon that, on histologic examination, proved to be 


benign. 


Figure 18—55. Junction between normal colonic mucosa on left and sessile polyp on right. Polypoid 
area reveals crowded papillae covered by hyperchromatic epithelium with loss of mucus secretion, 
sometimes containing cross sections of glands representing a tubuloadenomatous component. 


Relationship of Adenomatous Polyps to 
Carcinoma 


It has already been emphasized that all adenoma- 
tous polyps have malignant potential, greatest with the 
villous adenoma and least with the pure tubular ade- 
noma. One correlate is sufficiently important for reiter- 
ation—there is a relationship between the size of the 
adenoma (whatever its histologic type) and its likelihood 
of containing carcinoma. The incidence of cancer in 
polyps under 1 cm in diameter is very low indeed; 
between 1 and 2 cm the incidence rises to about 5 to 
10%; those above this size are cancerous in up to 30 to 
40% of the instances, correlated with their size. As 
stated before, the increasing risk of cancer is directly 
related to the proportion of the adenoma represented 
by villous elements. Thus, some experts see cancer 
formation as a biologic sequence beginning with con- 
trolled hyperplasia and then passing progressively 
through the stages of uncontrolled neoplastic tubular 
growth into villous growth, terminating in carcinoma.”™ 
On the other hand, some take the position that tubular 
polyps are biologically distinct from villous adenomas 
and rarely (1% or less of cases) give rise to “biologic 
cancer. 72° 2° In this view, foci of cancer within the 
head of a stalked polyp are not considered to be pre- 
cursors to invasive cancer. While the controversy con- 
tinues, the weight of evidence favors the position that 
biologically significant cancers may arise in neoplastic 
adenomatous and villous epithelial polyps. 

Three difficult questions must be raised: (1) do all 
adenomatous polyps with sufficient time become can- 
cerous?; (2) what is the time frame for the adenoma- 
carcinoma sequence?; (3) do all colonic carcinomas arise 
in preexisting adenomas? Only tentative answers can Le 
offered. 

It is highly unlikely that all adenomas will become 
transformed into carcinoma. Were this true, one might 
expect a much higher incidence of colonic cancer, given 
the much greater prevalence of adenomatous polyps 
than of colonic cancers. More direct is the evidence 
drawn from studies of patients with familial multiple 
polyposis. In this condition, the large bowel and some- 
times higher levels of the gut are literally peppered by 
hundreds or thousands of adenomatous polyps, most 
tubular, but some villous. It is currently believed that 
almost all these individuals will inevitably develop co- 
lonic cancer unless total colectomy is performed.™! 
Typically, one carcinoma emerges, presumably from 
one of the larger polyps. Infrequently, two or three 
cancers develop simultaneously. Thus, during the time 
span that it took for one or a few of the adenomas to 
become cancerous, the overwhelming majority (over 
99%) remain benign. Another point in evidence: even 
benign villous adenomas that have recurred after resec- 
tion have been observed to remain benign for dec- 
ades.** It can therefore be concluded, but only tenta- 
tively, that all adenomatous polyps are not inevitably 
destined to become cancerous—at least within the time 
span of the remaining years of the patient's life. 

Turning to the question of how long it takes for an 
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adenoma destined to become malignant to evolve into 
a carcinoma, it can be said tentatively: at least years, 
possibly decades. In one series, the average age at 
diagnosis of multiple familial polyposis without cancer 
was about 27 years, and for polyposis with cancer about 
39 years.'®? In the days before total colectomy was 
performed for familial multiple polyposis, among 59 
patients with this condition, 12% developed cancer 
within five years, 25% in 10 years, 30% within 15 years 
and over 50% at 20 years. The data are not conclusive, 
but they at least strongly suggest that the adenoma- 
carcinoma sequence takes place over a period of years 
to decades. 

The question whether all colonic carcinomas arise 
in preexisting adenomatous polyps remains moot despite 
impassioned writings supporting both affirmative and 
negative viewpoints. On the one hand it is pointed out 
that certain very small cancers less than 1 cm in diameter 
contain no evidence of having arisen in a preexisting 
adenoma. On the other hand are the epidemiologic 
studies demonstrating a parallel in various countries 
between a high incidence of colonic cancer and a high 
incidence of adenomas. For example, there is a low 
incidence of colonic cancer in Japan and a correspond- 
ingly very low frequency of villous adenomas of the 
colon.* It is further argued that even a 1- to 2-cm 
carcinoma may have overgrown and obliterated all trace 
of a preexisting adenoma.”!® There is, indeed, an inverse 
relation between the persistence of recognizable ade- 
nomatous tissue and the size of the cancer.** When 
large groups of individuals were periodically studied by 
sigmoidoscopy and all mucosal protrusions removed, 
the anticipated incidence of rectosigmoid carcinoma was 
reduced by 85%.”* There are, therefore, a number of 
“suggestoid’ observations in favor of the view that all 
or most colonic cancers arise in preexisting adenomas, 
but the evidence can hardly be called definitive. 

We must leave these controversies in this unsatis- 
factory state, but from a practical standpoint, to ignore 
the existence of a polyp, however small, is in some 
measure a gamble. 


Familial Polyposis 


In a few instances, the tendency to develop polyps 
of the colon is familial, having most often an autosomal 
dominant mode of transmission.” In many cases, the 
polyps are associated with developmental abnormalities 
outside the intestinal tract. Six distinctive syndromes 
have been described by McKusick.”” The four more 
important of this group are familial multiple polyposis 
of the colon, Peutz-Jeghers syndrome, Gardner's syn- 
drome, and Turcot’s syndrome. 

Familial multiple polyposis of the colon is made 
distinctive by the myriad neoplastic polyps, which may 
cover virtually the entire mucosa of the colon and 
sometimes extend into the upper levels of the intestinal 
tract, including the stomach. Although the disease is 
hereditary, transmitted as an autosomal dominant, pol- 
yps do not appear before the second and third decades 
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of life. A member of an involved family who has not 
developed polyps by age 40 is not likely to develop 
them later. 

The individual polyp is usually a small peduncu- 
lated tubular adenoma 1 cm in diameter. When closely 
packed, the polyps may impart a furry appearance to 
the mucosal surface (Fig. 18-56). In histologic detail, 
these adenomas are indistinguishable from the tubular 
lesions already described. Occasionally, polyps may be 
of the villous sessile pattern. 

There is a high incidence of malignant transforma- 
tion of the polyps in this hereditary disorder. It is not 
uncommon to find certain adenomas larger and presum- 
ably more actively growing than the remainder. Such 
lesions may develop into cancer. Multiple polyps may 
become cancerous concurrently. Malignancy is more 
likely if the disease is of long duration, and unless the 
diseased colon is removed, multiple polyposis inevitably 
develops into cancer, which appears in retrospective 
surveys about 12 years following the diagnosis of the 
polyposis.”** Diagnosis can be readily made by either 
sigmoidoscopic or barium enema study. The adenoma- 
carcinoma sequence in this hereditary disorder is used 
as strong evidence by those who regard all sporadic 
neoplastic polyps as precancerous lesions. 

The Peutz-Jeghers syndrome is an autosomal dom- 
inant disorder characterized by polyps of the entire 
gastrointestinal tract, particularly in the small intestine, 
associated with melanin pigmentation of the buccal 
mucosa, lips, palms of the hand, fingers, and soles of 
the feet.2* The individual polyp may resemble the 
pedunculated tubular adenoma of familial multiple po- 
lyposis or the nonhereditary tubular adenoma, but more 


often they are hemispheric or finger-like protrusions 
from the mucosal surface. Histologically, instead of the 
neoplastic aggregation of tubules and glands seen in 
tubular adenomas, the polyps in the Peutz-Jeghers 
syndrome consist of hamartomas having dilated, mucin- 
filled cysts lined by normal-looking, mucin-secreting 
epithelial cells. These polyps do not undergo malignant 
transformation. Thus, unlike familial multiple polyposis, 
the Peutz-Jeghers syndrome incurs no increased risk of 
cancer. However, individuals with this familial condition 
may develop neoplastic adenomas and cancers, the latter 
not only in the gastrointestinal tract, but also in extrain- 
testinal sites.”° 

Gardner's syndrome refers to the association of 
polyposis in the colon with desmoid tumors (p. 1312) 
and neoplasms elsewhere. The risk of cancer in the 
colon is as high in this syndrome as in familial multiple 
polyposis and approaches 100%. The extracolonic neo- 
plasms have occurred in the skin, subcutaneous tissue, 
and bone. A systemic derangement in the genetic 
repressor mechanisms that control cell growth is pos- 
tulated but not established. 

Turcot's syndrome combines polyps of the colon 
with brain tumors. In contrast to the other entities 
mentioned, it is transmitted as an autosomal recessive 
trait. There is some increased risk of carcinoma of the 
colon, but the magnitude of the risk is still uncertain. 


Miscellaneous Polyps 


The whole gamut of mesenchymal tumors may 
occur in the colon. These include leiomyomas, fibromas, 
lipomas, hemangiomas, and neurofibromas that are not 


Figure 18-56. Heredofamilial polyposis of colon. Bowel is stud- 
ded with numerous small polyps. 


distinctive from the same lesions occurring elsewhere 
(Fig. 18-51). When small, they may present as intra- 
mural lesions, but as they enlarge they tend to become 
polypoid. Only rarely are these benign lesions of clinical 
significance. Two other polypoid lesions merit brief 
mention. Polyps are sporadically found in the colons of 
children, most frequently in the rectosigmoid; these 
differ in appearance from the polyps of pedunculated 
and villous adenoma and are designated juvenile polyps. 
They may be quite large and pedunculated. Histologi- 
cally, they are made distinctive by a very abundant 
loose fibrovascular stroma containing widely spaced 
glands, some sufficiently dilated to constitute cysts. 
These lesions are thought to develop from congenitally 
malformed glands that give rise to mucous retention 
cysts. A scant leukocytic infiltrate is often present in the 
stroma. Malignant transformation and recurrence are 
extremely rare if they occur at all. 

Lymphoid polyps are an additional rare form of 
benign tumor consisting of aggregates of lymphoid tissue 
covered usually by a fairly regular, although sometimes 
atrophic, colonic mucosa. The lymphoid architecture 
may be quite regular, with prominent lymphoid follicles 
in a stroma of mature lymphocytes. The pattern resem- 
bles that of the nodular lymphoma, and some workers 
have considered these to be true lymphomas occurring 
in the bowel. The preponderant opinion, however, is 
that these lesions are foci of striking submucosal lymph- 
oid hyperplasia rather than neoplasms.*” In almost all 
cases, local resection is curative. Occasionally, true 
neoplastic lymphomatous involvement occurs in the 
rectum as a primary lesion or a systemic dissemination 
of a lymphoma, and this differential must be borne in 
mind in the interpretation of these lesions. 


MALIGNANT TUMORS 


Carcinoma 


Virtually 98% of all cancers in the large intestine 
are carcinomas. They represent one of the prime chal- 
lenges to the medical profession, because they produce 
symptoms relatively early and at this stage are generally 
curable by resection. Too often these early symptoms 
are largely ignored by the patient and sometimes insuf- 
ficiently investigated by the physician. Colorectal cancer 
was responsible for about 60,000 deaths in the United 
States in 1983 and was superseded only by lung cancer, 
which caused about 117,000 deaths. 

EPIDEMIOLOGY. The epidemiology of colorectal (in- 
cluding rectal) cancer has provided some significant 
insights into its possible causation and has led to the 
strong conviction that environmental influences are of 
great importance. In general, the incidence of colonic 
carcinoma is highest in Northwest Europe, North Amer- 
ica, and other Anglo-Saxon areas and is lowest in South 
America, Africa, and Asia. It would appear that it occurs 
most frequently in populations with the highest stan- 
dards of living. Yet Japan, with its high standard of 
living, has one of the lowest prevalences of this form of 
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cancer. Moreover, among populations enjoying rela- 
tively similar standards of living, there are striking 
differences. The mortality rate in Denmark is more than 
twice that in Finland. 

Some interesting but poorly understood trends 
have emerged over the past three or four decades.**! 
Although the mortality rate for this form of neoplasia 
for whites in the United States has remained the same 
over this time span, i.e., about 20 per 100,000 popula- 
tion (an improved prognosis has counterbalanced the 
50% increase in incidence), the mortality rate for blacks 
has doubled. For the first time since data have been 
available, colorectal cancer may be relatively more 
common among blacks than among whites. There are 
other puzzling comparisons, such as striking differences 
in mortality rates in different regions of the same 
country. There is a well-defined higher mortality rate 
for colorectal cancer in urban areas than in rural areas 
in the U.S. and many other countries. This is most 
striking in Africa, where colonic cancer is extremely 
rare in rural blacks and is two to three times more 
frequent in urban blacks. Migrants from one country to 
another over the span of several generations assume the 
mortality rate of their new home. Japanese immigrants 
to the U.S. have a mortality rate three to four times 
higher than that of their forebears in their native land.” 
It is small wonder that dietary factors have come under 
suspicion. 

Despite all these national and racial differences, 
there is no evidence that genetic factors play a large 
role in the generality of colorectal cancers. There are, 
however, a minority of cases in which hereditary factors 
undoubtedly contribute. There is some evidence of an 
increased incidence of colonic or rectal cancer in rela- 
tives of patients with the disease.“* There are, in 
addition, well-defined hereditary syndromes associated 
with an increased frequency of cancer of the large bowel, 
as cited below. Some genotypes, then, are at increased 
risk, but most neoplasms occur in individuals having no 
apparent familial predisposition; hence, varying inci- 
dence rates are thought to be due largely to environ- 
mental influences. 

Carcinoma of the large bowel has its peak incidence 
in the seventh decade of life. Less than 20% of cases 
are diagnosed in persons under the age of 50 and 
undoubtedly some of these younger patients are ac- 
counted for by the hereditary syndromes just men- 
tioned. In such individuals the tumor may appear as 
early as the third or fourth decade of life. When the 
neoplasm occurs in the rectum, there is a male:female 
ratio of approximately 2:1; in more proximal levels of 
the large bowel there is no sex predominance. 

. ETIOLOGY AND PATHOGENESIS. With regard to the 
roles of nature and nurture in predisposing to colorectal 
cancer, (1) certain precancerous and dysplastic disorders 
are of probable importance and (2) dietary factors are 
of uncertain significance. It is established that villous 
adenomas, ulcerative colitis, Crohn’s colitis, familial 
polyposis, Gardner’s syndrome, and a cancer-family 
syndrome (in which colonic and other forms of cancer 
are common) are all associated with a well-defined, 
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increased risk of colorectal cancer, the magnitude of 
which has already been discussed with each of the more 
common conditions. It seems reasonable to call tubular 
and tubulovillous adenomas precancerous lesions, but 
this is a vexed issue, as amply delineated earlier (p. 
867). 

The role of diet is much more controversial, but is 
believed by many to be very significant. It is thought 
to underlie the striking differences previously cited in 
the prevalence of colonic cancer around the world. 
Principally implicated are: (1) the level of dietary animal 
fat and protein and (2) the fiber content of the diet. 
Other dietary items have also come under scrutiny, but 
have not proved meaty. 

The thesis that a high consumption of meat, prin- 
cipally beef, with its accompanying fat predisposes to 
colorectal cancer proposes in essence the formation of 
carcinogens from neutral sterols or from the increased 
level of bile acids called forth by the burden of dietary 
fat. The high-animal-fat diet not only increases the level 
of neutral sterols and bile acids in the fecal stream but 
also modifies the bacterial flora, leading to a relative 
increase in the number of anaerobes, particularly clos- 
tridia and/or bacteroides.*** These organisms are able to 
convert bile acids or cholesterol into metabolites capable 
of promoting or initiating neoplasms.” A number of 
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epidemiologic studies detailed in an earlier discussion - 


(p. 427) have supported or challenged this theory, but 
in the last analysis it must be considered as interesting 
but unproven. 

The tenuous argument ascribing a pathogenetic role 
to low fiber and consequent slowing of bowel transit 
time was detailed on page 427. Greater opportunity for 
the endogenous production of carcinogens and longer 
exposure of the intestinal wall to the carcinogen would 
then follow.?” The decreased stool bulk would also 
reduce the dilution or binding of carcinogens. This line 
of argument derives from the epidemiologic observa- 
tions that Bantus who live on a fiber-rich diet have a 
much lower rate of colon cancer than urban Africans 
with their low-fiber diets. However, unequivocal evi- 
dence is lacking that a high-fiber diet always shortens 
transit time. It may, at least in part, be a genetic 
characteristic, rather than solely dependent on diet.” 
Moreover, low-fiber diets are frequently a consequence 
of reduced consumption of fruits and vegetables con- 
taining vitamin A, C, or E. Could lower levels of these 
vitamins, which are thought to reduce the risk of cancer, 
be of importance rather than the fiber content? Analo- 
gously cruciferous vegetables—cabbage, broccoli, Brus- 
sels sprouts, cauliflower, and turnips—are said to inhibit 
tumor production (demonstrable in experimental sys- 
tems) not by virtue of their fiber content but by inducing 
increased levels of aryl hydrocarbon hydroxylase activity 
in the intestine.” This enzyme facilitates the degrada- 
tion of carcinogenic hydrocarbons and so might exert a 
protective effect in vivo. It is evident that other aspects 
of a low-fiber diet may be more important than merely 
stool bulk. 


Thus, although there is evidence that dietary factors 


predispose to colorectal cancer, the precise carcinogenic 
influence (if any) has not been identified. 


MORPHOLOGY. About 70 to 75% of colorectal carci- 
nomas are located in the rectum, rectosigmoid, or sigmoid 
colon. The remainder are fairly evenly distributed all the way 
back to the cecum. Infrequently, multiple carcinomas arise 
concurrently, most often in patients with familial multiple 
polyposis or ulcerative colitis. 

Although all colorectal cancers must begin as in situ 
lesions, when discovered they usually assume one of two 
patterns: carcinomas of the left side and those of the right. 
Carcinomas of the left side tend to grow in an annular 
encircling fashion. They produce a so-called “napkin- 
ring’ constriction of the bowel with early symptoms of 
obstruction (Fig. 18-57). These lesions may begin as 
sessile or plaquelike masses, but over the span of time they 
grow to infiltrate and encircle the circumference. On the 
right side, the lesions tend to grow as polypoid fungat- 
ing masses that extend along one wall of the more 
capacious cecum and ascending colon. Obstruction is 
uncommon. Thus, from the standpoint of morphology and 
clinical behavior, carcinomas of the left and right colon 
behave as two distinct tumor types. 

The early lesion on the left side appears as a small 
elevated button or as a small polypoid mass. As the tumor 
grows, it forms a flat plaque that continues to increase in 
size (Fig. 18-58). It eventually extends circumferentially to 
encircle the wall, and it has been estimated that it takes 
approximately one to two years for such a lesion to encircle 
the lumen totally. The deeper layers are invaded slowly, and 
for a long time the neoplasm tends to remain superficial. 
Eventually, ulceration takes place in the middle of the ring 
as penetration of the bowel wall encroaches on the blood 
supply. At this time, the annular constriction characteristically 
shows heaped-up margins with a central ringlike ulceration 
or excavation. Infrequently, leftsided lesions produce little 
luminal growth but, instead, infiltrate the bowel wall and 
cause flattening and small ulcerations of the mucosa. Exten- 
sion of the tumor through the bowel wall into the pericolic 
fat and regional lymph nodes occurs as these lesions pro- 
gress. The penetration of bowel wall may, on occasion, 
produce pericolic abscesses or even peritonitis. Eventually 
these cancers metastasize to the liver, lungs, bone marrow, 
and other distant organs but not before a considerable period 
of growth. Rarely, right-sided lesions assume this annular 
pattern. 

The cancers in the right colon begin as sessile lesions 
similar to those of the left but progressively assume a 
polypoid fungating appearance (Fig. 18-59). They frequently 
become bulky, cauliflower-like masses or large, irregular 
spreading papillomatous plaques that protrude into the lu- 
men. Plaquelike or ulcerative lesions of the right side occur 
but very infrequently. These right-sided lesions eventually 
penetrate the wall and extend to the mesentery, regional 
nodes, and more distant sites. Because the lesions occur in 
the capacious cecum and do not cause obstruction, they 
may remain clinically silent for long periods of time. Quite 
uncommonly, colonic carcinomas of the right side grow in 
an invasive, infiltrating fashion with mucosal flattening and 
ulceration without luminal projections. 

Unlike the gross pathology, the microscopic character- 
istics of right- and left-sided colonic carcinomas are similar. 
Ninety-five per cent of all carcinomas of the colorectum 
are adenocarcinomas, many of which produce mucin (Figs. 
18-60 and 18-61). Commonly this mucin is secreted extra- 
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Fig. 18-57 
Figure 18-57. Carcinoma of left colon that has completely encircled lumen. Dilation of proximal bowel 


lumen is evident. 
Figure 18-58. An elevated, plaquelike adenocarcinoma of colon. 


Figure 18-59. A polypoid fungating carcinoma of right colon 
in a 56-year-old male. 
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Fig. 18-61 


Figure 18-60. Transition zone between anaplastic glands of an adenocarcinoma of colon and the 


normal colonic epithelium. 


Figure 18-61. Low-power field of an invasive cancer of colon illustrating extensive mucin formation, 
which appears in the illustration as stringy coagulated material. 


cellularly either within gland lumina or within the interstitium 
of the gut wall. Because this secretion dissects the wall, it 
aids the extension of the malignancy and worsens the 
prognosis. 

Certain exceptions to the general pattern should be 
cited. Some cancers, particularly in the distal colon, have 
foci of squamous cell differentiation to create adenoacan- 
thomas. Another infrequent variant is the small cell undif- 
ferentiated carcinoma presumably arising from endocrine 
cells. Such neoplasms, as you may surmise, elaborate a 
variety of hormonal or bioactive secretory products. Another 
variant is the infiltrative, poorly differentiated carcinoma that 
tends to produce long, tapered strictures. It may occur in 
the absence of ulcerative colitis but is particularly associated 
with inflammatory bowel disease. The lack of exophytic 
growth renders radiographic identification difficult, particu- 
larly when it is against a background of ulcerative colitis. 


CLINICAL COURSE. It is now appreciated that car- 
cinoma of the colorectum is present for a considerable 
time before it produces clinical symptoms. Whether 
one subscribes to the adenoma-carcinoma sequence 
theory or not, rectal bleeding and/or change in bowel 
habit are present for many months, perhaps years, 


before diagnosis. In theory, the chance for early discov- 
ery and successful removal should be greater with 
lesions of the left side because these patients usually 
have prominent disturbances in bowel function such as 
melena, diarrhea, and constipation. It would be sus- 
pected, therefore, that rectosigmoid lesions would yield 
a better survival rate. However, cancers of the rectum 
and sigmoid tend to be more infiltrative than those of 
the proximal levels of colon, and this characteristic is 
apparently responsible for a somewhat poorer prognosis 
for these lesions. Cecal and right colonic cancers are 
most often called to clinical attention by the appearance 
of weakness, malaise, weight loss, and unexplained 
anemia. These lesions bleed readily, and the investiga- 
tion of occult melena sometimes leads to their discovery 
at an early stage.” 

All colorectal tumors spread by direct extension 
into adjacent structures and by metastasis through the 
lymphatics and blood vessels. In order of preference, 
the favored sites of metastatic spread are the regional 
lymph nodes, liver, lungs, and bones, followed by many 
other sites including the serosal membrane of the peri- 
toneal cavity, brain, and others. In general, the disease 
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Table 18-8. MODIFIED DUKE’S CLASSIFICATION OF CARCINOMA OF THE COLON AND ITS PROGNOSTIC SIGNIFICANCE 


Duke’s Type % of Five-Year Survival Stage of Neoplasm 
A 100.0 Limited to mucosa 
Bt 66.6 Extending into muscularis propria but not penetrating through it with 
uninvolved nodes 
B2 53.9 Through entire wall with uninvolved nodes 
C1 42.8 Limited to the wall with involved nodes 
C2 22.4 Through all layers of the wall with involved nodes 


From Astler, V. B., and Coller, F. A.: The prognostic significance of direct extension of carcinoma of the colon and rectum. Ann. Surg. 139:846, 1954. 


has spread beyond the range of curative surgery in 25 
to 30% of patients. 

The diagnosis of colorectal cancer relies on a large 
variety of techniques, including tests for blood in the 
stool, digital examination, proctoscopy, sigmoidoscopy, 
colonoscopy, contrast radiographic studies, and CT 
scans. Colonic cancers produce a variety of tumor anti- 
gens that can be detected in the blood and provide 
potential methods of diagnosis. In longest use as a 
diagnostic aid is carcinoembryonic antigen (CEA), but 
many other new markers are under study.” The serum 
levels of CEA are directly related to the size of the 
primary tumor and its extent of spread. Thus, in early 
favorable lesions, CEA “positivity” is found in 19 to 
40% of patients. In contrast, in those with large meta- 
static neoplasms, there is virtually 100% CEA positivity. 
Overall, in an unselected series of preoperative patients, 
the test is positive in 60 to 70%.*? More valuable is the 
use of CEA levels to assess the patient following resec- 
tion of the primary tumor. If total removal has been 
accomplished, the CEA levels disappear. Return of CEA 
positivity is a highly reliable indicator of recurrence of 
the primary neoplasm. Similarly, the CEA test can 
provide a rough quantitation of the effectiveness of 
chemotherapy. It must be cautioned that positive CEA 
tests may also be produced by cancers of the lung, 
breast, ovary, urinary bladder, and prostate as well as 
a number of non-neoplastic disorders, including alco- 
holic cirrhosis, pancreatitis, and ulcerative colitis. 

The prognosis for patients with colorectal carci- 
noma, as might be expected, is dependent on (1) the 
extent of bowel involvement, (2) the presence or absence 
of spread to lymph nodes or more distant sites, (3) the 
histologic differentiation of the lesion, and (4) to some 
extent its location within the colon. Among these vari- 
ables, the extent of the neoplasm and its potential 
metastases clearly are of greatest importance. Several 
staging systems are now in use. The modified Duke’s 
proposal with five-year survivals is presented in Table 
18-8. It is, however, a postoperative staging system 
based on morphologic examination of the specimen. The 
American Joint Committee (AJC) for Cancer Staging 
and End-Result Reporting has come forward with a 
classification of use clinically, based on the TNM system 
(Table 18-9).? Overall, if all patients, even those whose 
lesions prove to be inoperable, are included, the five- 
year survival rate is in the range of 35 to 40%. These 
data are particularly discouraging in light of the earlier 
remarks about the potential for early diagnosis and cure 
of this disease. 


Squamous Cell Carcinoma 


These tumors are largely limited to the anal region. 
They produce plaquelike thickenings that eventually 
fungate and ulcerate, as do squamous cell carcinomas 
that occur elsewhere. They tend to be locally invasive, 
and to metastasize eventually to the regional nodes of 
drainage and then to more distant sites. 


Adenoacanthoma 


Adenoacanthomas, mentioned earlier, having a 
mixed squamous adenocarcinomatous histology are rare 
cancers of the large intestine that may arise at any level 
of the colorectum. Despite their histologic characteris- 
tics, they behave as the usual adenocarcinoma and have 
the same gross features and clinical significance. 


Table 18-9. AJC POSTSURGICAL PATHOLOGIC 
ASSESSMENT 


Primary tumor (T) 
TX Depth of penetration not specified 
TO Noclinically demonstrable tumor 
TIS Carcinoma in situ (no penetration of lamina propria as 
shown by biopsy or histological examination of the 
resected specimen) 
T1 ~~ Clinically benign lesion or lesion confined to the mucosa 
or submucosa 
T2 ‘Involvement of muscular wall or serosa; no extension 
beyond 
T3 Involvement of all layers of colon or rectum, with 
extension to immediately adjacent structures or organs; 
no fistula present 
T4 ‘Fistula present along with any of the above degrees of 
tumor penetration 
T5 Tumor spread by direct extension, beyond the 
immediately adjacent organs or tissues 
( )T Multiple primary carcinoma 


Regional nodal involvement (N) 
NX Nodes not assessed or involvement not recorded 
NO Nodes not believed to be involved 
N1 Regional nodes involved (distal to origins of the ileocolic, 
right colic, middle colic, and inferior mesenteric arteries) 


Distant metastasis (M) 
MX Not assessed 
MO No (known) metastasis 
M1 “Distant metastasis present (including extra-abdominal 
nodes, intra-abdominal nodes proximal to mesocolon and 
inferior mesenteric artery, peritoneal implants, liver, lungs, 
and bones) 


From Stearns, M. W., Jr.: Staging colonic and rectal cancer. Int. Adv. Surg. 
Oncol. 4:189, 1981. 
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Sarcomas, principally leiomyosarcoma, angiosar- 
coma, liposarcoma, and fibrosarcoma, rarely arise in the 
large bowel. These tumors produce large fleshy masses 
that exactly resemble their counterparts elsewhere, 
spread to regional nodes, and may metastasize widely. 


Lymphoma 


Lymphomas are infrequent in the large intestine 
relative to their occurrence in the stomach and small 
intestine. They have the same morphologic and clinical 
characteristics as those in the upper segments of the 
bowel, described earlier (p. 826). 


Appendix 


NORMAL 

PATHOLOGY Peritonei 

inflammations Tumors of Appendix 
Acute appendicitis Carcinoma 


Chronic inflammation 


NORMAL 


The appendix in man is a mysterious structure with 
no known function. There are speculations that it may 
be the analog of the immunologically important bursa 
of Fabricius in avians. It varies greatly in size, having 
an average diameter of 0.5 to 1.0 cm. It is usually a 
mobile structure, having a short mesentery called the 
mesoappendix, which carries the blood, nerve, and 
lymphatic supply. It generally lies directly at the ex- 
tremity of the anterior tenia of the cecum. On occasion, 
it lies behind the colon in a so-called retrocecal position. 
It is sometimes enveloped in congenital fibrous bands 
that may produce torsion, kinking, or sharp angulation. 
These malpositions alone, under certain clinical situa- 
tions, may cause pain, since the angulated lumen may 
distend with feces or gas and cause colicky pain. With 
developmental malrotation of the colon, the cecum and 
appendix are rarely located in the right upper quadrant 
(not simplifying the diagnosis of acute appendicitis). 

Histologically, the appendix has the same four 
layers as the remainder of the gut. The distinguishing 
feature of this organ is the extremely rich lymphoid 
tissue present in the mucosa and submucosa, which, in 
young individuals, forms an entire layer of germinal 
follicles and lymphoid pulp. This lymphoid tissue un- 
derlying the mucosal epithelium and glands undergoes 
progressive atrophy during life to the point of complete 
disappearance in advanced age. In the elderly the 
appendix, particularly the distal portion, sometimes 
undergoes fibrous obliteration. 


Endocrine Cell Tumors (Argentaffinomas, 
Carcinoids) 


These neoplasms occur in all levels of the gastroin- 
testinal tract, including the appendix. Their gross and 
microscopic features have been presented (p. 842), and 
here it need be emphasized only that neoplasms of the 
colon are infrequently argentaffin positive, and even the 
metastasizing carcinoids rarely give rise to the carcinoid 
syndrome. 


Melanocarcinoma 


Melanocarcinomas may arise in the pigmented 
areas of the anus but are extremely uncommon (p. 
1279). 


Mucocele of Appendix and Pseudomyxoma 


Miscellaneous tumors 


PATHOLOGY 


Diseases of the appendix loom large in surgical 
practice. Appendicitis is the most common acute abdom- 
inal condition the surgeon is called on to treat. It is, 
under different conditions, one of the best recognized 
clinical entities and one of the most difficult diagnostic 
problems that confront the clinician. A differential di- 
agnosis of this disease must include virtually every acute 
process that can occur within the abdominal cavity as 
well as some of the emergencies that affect the organs 
of the thorax. 


INFLAMMATIONS 
ACUTE APPENDICITIS 


Acute appendicitis is mainly a disease of adolescents 
and young adults, but may occur in the very young and 
very elderly. Males are affected more often than females 
in a ratio of about 1.5:1. 

Almost a half-century ago, Wangensteen and co- 
workers demonstrated that obstruction to the appendi- 
ceal lumen predisposed to the development of acute 
appendicitis.*4 Obstruction, usually in the form of a 
fecalith and, less commonly, a calculus, tumor, or ball 
of worms (oxyuriasis vermicularis), can be demonstrated 
in 50 to 80% of inflamed appendices. It should be 
comforting to grape addicts that seeds have not yet been 
implicated. Presumably, with obstruction and continued 


secretion of mucinous fluid the intraluminal pressure 
builds up in the obstructed segment to cause eventual 
collapse of the veins of drainage. Ischemic injury then 
favors bacterial invasion to add an element of inflam- 
matory edema and exudation, further embarrassing the 
blood supply. Thus, a vicious cycle is created leading to 
inflammatory changes in the appendix related to both 
bacterial invasion and ischemic injury. However, a 
significant minority of inflamed appendices have no 
demonstrable luminal obstruction. A number of possi- 
bilities exist, all admittedly speculative. Sharp angula- 
tion of the appendix, as may be produced by external 
adhesions, fibrous bands, or retrocecal location, could 
occlude the lumen. Lymphoid hyperplasia in response 
to viral systemic infection might contribute to luminal 
obstruction. For example, in measles, the appendix 
often undergoes striking lymphoid hyperplasia. Here, 
characteristic measles giant cells (Warthin-Finkeldey 
cells) sometimes appear, permitting the astute surgical 
pathologist to tell the physician that his patient is about 
to develop the rash of measles. Similar lymphoid hy- 
perplasia may occur with other forms of viral infection. 
It has further been proposed that, in the course of such 
viral involvement, superficial mucosal ulcerations may 
develop, providing avenues for bacterial invasion.”© 
Other valiant attempts to explain nonobstructive appen- 
dicitis invoke predisposition to bacterial infection, 
vaguely attributed to progressive atrophy of the lym- 
phoid tissue encountered with aging or interference 
with the vascular supply to the appendix.”® It is evident 
that the basis for appendiceal inflammation in the ab- 
sence of obvious obstruction is not known. 


Fig. 18-62 
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MORPHOLOGY. The inflammatory changes seen in 
developing appendicitis will be presented, beginning with the 
early alterations and then proceeding to the subsequent, 
more marked reactions as the process progressively wors- 
ens. In the earliest recognizable acutely inflamed appendix, 
there is usually a scant neutrophilic exudation throughout 
the mucosa, submucosa, and muscularis. Occasionally, the 
mucosal involvement is most prominent. At this phase of the 
reaction, the subserosal vessels are congested and contain 
marginated neutrophils, and often there is scant, perivas- 
cular, neutrophilic emigration. This serosal reaction trans- 
forms the normal glistening serosa into an injected, dull, 
granular, red membrane. This external appearance is rec- 
ognized by the surgeon as early acute appendicitis. At a 
later stage, the neutrophilic exudation through the wall is 
more advanced, with numerous polymorphonuclear leuko- 
cytes within the muscularis and a layered fibrinopurulent 
reaction over the serosa (Figs. 18-62 and 18-63). As the 
inflammatory process worsens, there are abscess formations 
within the wall, along with ulcerations and foci of suppurative 
necrosis in the mucosa. At this stage, the serosa usually is 
heavily layered with fibrinosuppurative exudate, and the state 
of the appendix might be termed acute suppurative appen- 
dicitis. Further worsening of the reaction leads to large 
areas of hemorrhagic green ulceration of the mucosa, along 
with similar green-black gangrenous necrosis throughout the 
wall, extending to the serosa. This level of severity is the 
immediate antecedent to rupture of an acute gangrenous 
appendicitis. When fecaliths or calculi become impacted, 
there is distention of the appendix distal to the obstruction, 
with almost invariably enhanced inflammatory reaction in 
this obstructed segment. 

The histologic criterion for the diagnosis of acute ap- 
pendicitis is polymorphonuclear leukocytic infiltration of 
the muscularis. Usually, neutrophils and ulcerations are 
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Fig. 18-63 


Figure 18-62. A suppurative exudate covering serosa of appendix. Uneven dilatation is produced by 


impacted fecaliths. 


Figure 18—63. Acute inflammation of distal third of appendix together with segment of omentum that 


had become applied to inflammatory focus. 
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also present within the mucosa. Since drainage of an exu- 
date into the appendix from a focus of infection in a higher 
level of bowel may also induce some scant neutrophilic 
infiltrate in the mucosa, it is usually believed that evidence 
of the inflammation within the muscularis is requisite for 
diagnosis. The progressively worsening stages of acute 
appendicitis with Suppuration and gangrenous necrosis re- 
quire no further description, since these are entirely nonspe- 
cific and follow the pattern of inflammatory reactions in other 
tissues. The possibility of acute vasculitis or inflammatory 
thrombosis of the blood vessels in the mesoappendix must 
always be borne in mind. Such vascular involvement may 
lead to pylephlebitis or pyemic liver abscesses. 


Classically, acute appendicitis produces the follow- 
ing, in the sequence given: (1) pain, at first periumbilical 
but then localizing to the right lower quadrant; (2) 
nausea and/or vomiting; (3) abdominal tenderness, par- 
ticularly in the region of the appendix; (4) mild fever; 
and (5) an elevation of the peripheral white cell count 
up to 15,000 to 20,000 cells/mm*. Regrettably, this 
classic presentation is more often absent than present. 
The pain, nausea, and vomiting are most consistently 
present, but tenderness may be deceptively absent or 
maximal in atypical locations, e.g., right flank or midline 
pelvis. The white cell count may not be elevated, or at 
other times may be so high as to suggest alternative 
diagnoses. These nonclassic presentations are encoun- 
tered more often in young children and the very elderly. 
Indeed, in the latter, inflammatory disease may be 
present with few, if any, manifestations. Thus, the 
diagnosis of acute appendicitis requires a high index of 
suspicion and the willingness to explore an abdomen on 
slender intuitions. There is general agreement that 
highly competent surgeons make about 10 to 30% false- 
positive diagnoses of acute appendicitis.”’ The most 
common conditions that mimic acute appendicitis are 
mesenteric lymphadenitis, usually secondary to an en- 
terocolitis (often unrecognized) caused by Yersinia or 
some virus; a systemic viral infection; acute salpingitis; 
ectopic tubal pregnancy; “mittelschmerz’ (pain caused 
by trivial pelvic bleeding at time of ovulation); and 
Meckel’s diverticulitis. But most often, when the ab- 
domen is explored and the appendix is uninvolved, no 
disease of any kind is found, leaving the surgeon mum- 
bling such vagaries as “cecitis” or “appendiceal colic.” 
The penalty for undue delay is perforation followed by 
a periappendiceal abscess and/or peritonitis. Other po- 
tential but uncommon complications of appendicitis 
include pylephlebitis with thrombosis of the portal 
venous drainage, liver abscess, and bacteremia. The 
discomfort and risks associated with an exploratory 
laparotomy and discovery of “no disease” are far out- 
weighed by the morbidity and mortality (about 2%) 
associated with perforation. 


CHRONIC INFLAMMATION 


True chronic inflammation of the appendix is rare. 
Much more frequently, recurrent acute attacks may be 
inappropriately referred to as “chronic appendicitis.” In 


some patients, the appendix from birth is a mere fibrous 
cord. It must not be assumed, therefore, that extensive 
fibrosis of the appendiceal architecture implies a chronic 
inflammatory reaction or the end stage of a previous 
inflammation. 


MUCOCELE OF APPENDIX AND 
PSEUDOMYXOMA PERITONE! 


Dilatation of the appendiceal lumen by mucinous 
secretion is designated mucocele (Fig. 18-64). Tradition- 
ally in the past two forms of mucocele were described: 
(1) obstructive and (2) neoplastic. The former proposal 
was that obstruction of the appendiceal lumen by a 
fecalith did not inevitably lead to inflammatory changes, 
but instead permitted mucinous secretions to accumu- 
late in the sequestered lumen, leading to mucocele 
formation.” Plausible as this sequence may be, an 
evaluation of a large number of appendiceal mucoceles 
failed to reveal a single instance of obstructive mucocele, 
presumably because luminal obstruction usually is fol- 
lowed by inflammation or, in time, pressure-induced 
atrophy of the mucus-secreting epithelium. Instead, 
three patterns of epithelial proliferation were observed: 
(1) mucosal hyperplasia remarkably similar to the 
changes seen in hyperplastic polyps of the colon, (2) 
mucinous cystadenoma (by far the most common form), 
and (3) mucinous cystadenocarcinoma.”” 


Figure 18-64. Mucocele of appendix shown still attacned to terminal 
ileum and cecum. 


MORPHOLOGY. The histologic features of cystadeno- 
mas and cystadenocarcinomas closely mimic their ovarian 
counterparts, as described on page 1146. All three lesions 
were associated with appendiceal dilatation secondary to 
mucinous secretions, but with mucosal hyperplasia there 
was no evidence of appendiceal rupture or of peritoneal 
mucinous implants. With cystadenomas the luminal dilata- 
tion was more striking and associated with appendiceal 
perforation in 20% of instances, and in such cases localized 
collections of mucus were present, either attached to the 
serosa of the appendix or lying free in the peritoneal cavity. 
Histologic examination of the mucus revealed no neoplastic 
cells. Follow-up of these patients after removal of the 
appendix, and sometimes the right colon, documented that 
none had any complications related to the appendiceal lesion 
or the extravasated mucus. Mucinous cystadenocarcino- 
mas were one-fifth as common as cystadenomas. Mac- 
roscopically, they produced mucin-filled cystic dilatation of 
the appendix indistinguishable from that associated with the 
benign tumors. However, penetration of the bowel wall by 
neoplastic cells and spread beyond the appendix in the 
form of peritoneal implants was frequently present. In 
its fully developed state the peritoneal cavity becomes dis- 
tended with tenacious, semisolid mucin—pseudomyxoma 
peritonei—in which anaplastic cystadenocarcinomatous 
cells can be found.”° The feature that differentiates pseu- 
domyxoma peritonei from mucinous spillage is the presence 
of cancerous cells within the mucin, not seen with the 
nonmalignant lesions producing mucocele.”*' Thus, in reality, 
pseudomyxoma peritonei is a form of intraperitoneal 
spread of a mucin-secreting cancer. Spread of the neo- 
plasm above the diaphragm or invasion of abdominal viscera 
is exceptional. Ovarian mucinous cystadenocarcinomas may 
produce an identical picture (p. 1146). 


TUMORS OF APPENDIX 


Tumors of the appendix such as those described 
above are very rare. The most common is the endocrine 
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cell tumor (argentaffinoma), which was discussed on 
page 842 along with similar lesions of the entire gut. 
Only a capsule characterization is provided here. The 
tumor most frequently involves the distal tip of the 
appendix, where it produces a solid bulbous swelling 2 
to 3 cm in diameter, which on section is yellow and 
firm. The lumen and architecture of the wall are oblit- 
erated in the area of involvement. Histologically, these 
tumors have the same appearance as those described in 
the small intestine. The same uniformity of cells and 
nuclear size and shape is present. Giant cells, anaplasia, 
and mitoses are virtually absent but, despite the benign 
cytologic appearance, the tumor invades deeply 
throughout the muscularis and sometimes out to the 
serosa. These tumors virtually never metastasize, and 
although regional node involvement may occur, it is 
very uncommon. It is extremely rare for these small 
lesions to produce the carcinoid syndrome. 


Peritoneum 


CARCINOMA 


On rare occasions, non—mucin-producing carcino- 
mas of the appendix may produce a typical neoplastic 
enlargement of the organ. The mucin-secreting lesions 
may produce a mucocele (see opposite page). Metastases 
may follow the pattern of other intestinal carcinomas or 
may induce pseudomyxoma peritonei. 


MISCELLANEOUS TUMORS 


Benign and malignant mesenchymal growths in this 
organ are reported as medical curiosities. These neo- 
plasms resemble their counterparts in other areas. 


Peritoneum 


Inflammation Bacterial peritonitis 
Sterile peritonitis Sclerosing Retroperitonitis 
Bile Mesenteric Cysts 


Pancreatic enzymes 
Surgically introduced foreign material 
(particularly talcum powder) 


Tumors of Peritoneum 


INFLAMMATION 


Peritonitis is an inflammatory process that may be 
due to either bacterial invasion or chemical irritation. 
It is therefore here divided into sterile and bacterial 


types. 


STERILE PERITONITIS 


The most common causes of sterile peritonitis in 
order of frequency are described below. 


Bile 


Perforation or rupture of the biliary system evokes 
a highly irritating peritonitis. In the early stage, it is 
usually limited to the right upper quadrant, and on 
examination the peritoneal exudate will be bile-stained. 
Later the biliary discoloration is masked by the pro- 
gressive suppuration that ensues concomitantly with 
superimposed bacterial contamination. Any type of 
acute inflammatory disease or obstruction within the 
gallbladder or bile ducts may produce perforation or 
rupture, and spill bile into the peritoneal cavity. Not 
uncommonly, the bile may gain access to the peritoneal 
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cavity through a perforated peptic ulcer. In almost all 
these conditions that predispose to the soiling of the 
peritoneum by bile, bacterial contamination is present 
and thus places the peritonitis in another category. 
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Pancreatic Enzymes 


Acute hemorrhagic pancreatitis is a calamitous dis- 
order characterized by hemorrhage and necrosis of the 
pancreas (p. 963). Concomitantly, pancreatic enzymes 
leak into the peritoneal cavity. These proteolytic and 
lipolytic ferments evoke a striking peritoneal reaction 
and, at the same time, digest lipid tissue. With the 
release of fatty acids, saponification (formation of soaps) 
produces chalky white precipitates in focal areas of fat 
wherever it is exposed to these enzymes. At the same 
time, globules of free fat may be found floating in the 
peritoneal fluid that accumulates. Both these features, 
the formation of soaps and fat globules, are virtually 
diagnostic of the peritonitis produced by pancreatic 
necrosis. After 24 to 48 hours, however, bacterial per- 
meation of the bowel wall usually leads to a frank 
suppurative exudation. 


Surgically Introduced Foreign Material 
(Particularly Talcum Powder) 


The reaction to such agents is usually localized and 
minimal. No clinical symptoms may result, and the only 
significance of such disease lies in the possible devel- 
opment of chronic inflammatory granulomas, followed 
by fibrosis and adhesions, which may eventually lead to 
intestinal obstruction or strangulation of the bowel. 


BACTERIAL PERITONITIS 


Bacterial peritonitis is almost invariably secondary 
to extension of bacteria through the wall of a hollow 
viscus or to rupture of a viscus. The common primary 
disorders leading to such bacterial disseminations are 
appendicitis, ruptured peptic ulcer, cholecystitis, diver- 
ticulitis, strangulation of bowel, and acute salpingitis. 
Virtually every bacterial organism has been implicated 
as a cause of peritonitis, most commonly E. coli, alpha- 
hemolytic and beta-hemolytic streptococci, Staphylo- 
coccus aureus, enterococci, “gram-negative rods,” and 
Clostridium perfringens. This last organism is a frequent 
inhabitant of the gut and therefore a frequent compo- 
nent of peritonitis. However, it rarely causes true gas 
gangrene in the abdominal cavity. Next to the secondary 
forms of bacterial peritonitis in frequency is the so- 
called “spontaneous bacterial peritonitis” that appears 
in about 10% of cirrhotics. The usual causal agent is E. 
coli, but the manner by which it invades the peritoneal 
cavity is unknown (possibly blood-borne). Seldom en- 
countered today are gonococcal and tuberculous peri- 
tonitis, the former arising from an acute salpingitis and 
the latter secondary to tuberculosis of the intestinal tract 
or hematogenous dissemination from a primary pulmo- 


nary focus. Spontaneous pneumococcal peritonitis is a 
curiosity occasionally encountered in children with renal 
disease. Both the source of the organism and the mode 
of spread are obscure. 


Depending on the duration of the peritonitis, the mem- 
branes show the following changes. Approximately two to 
four hours after involvement, the membrane loses its gray, 
glistening quality and becomes dull and lusterless. There is, 
at this time, a small accumulation of essentially serous or 
slightly turbid fluid. Later the exudate becomes creamy and 
obviously suppurative. In some cases, it may become ex- 
tremely thick and plastic and even inspissated, especially in 
dehydrated patients. The volume of such exudate varies 
enormously. In many cases, it may be localized by the 
omentum and viscera to a small area of the peritoneal cavity, 
particularly as in an appendiceal abscess; or it may become 
generalized to involve the entire abdominal cavity. In gen- 
eralized peritonitis, it is important to remember that exudate 
may accumulate under and above the liver to form subhe- 
patic and subdiaphragmatic abscesses. Collections in the 
lesser omental sac may likewise create residual persistent 
foci of infection. 


The inflammatory process is typical of an acute 
bacterial infection anywhere and produces the charac- 
teristic neutrophilic infiltration with a fibrinopurulent 
exudate. The reaction usually remains superficial and 
does not penetrate deeply into the visceral structures 
or abdominal wall. Tuberculous peritonitis tends to 
produce a plastic exudate studded with minute pale 
granulomas. 

These inflammatory processes can heal either spon- 
taneously or with therapy. In the course of healing, the 
following results may be obtained: (1) the exudate may 
be totally resolved, leaving no residual fibrosis; (2) 
residual, walled-off abscesses may persist, eventually to 
heal or serve as foci for new infection; or (3) organiza- 
tion of the exudate may occur, with the formation of 
fibrous adhesive bands termed adhesions. On occasion, 
these adhesions may be responsible for later symptoms 
or pathologic findings, forming potential sources of 
obstruction to the lumen of the bowel or strangulation 
of a segment of gut. 


SCLEROSING RETROPERITONITIS 


Dense fibromatous overgrowth of the retroperito- 
neal tissues may sometimes develop, as described on 
page 1064. This occurrence is designated sclerosing 
retroperitonitis or retroperitoneal fibromatosis. In some 
instances the mesentery is also involved. The fibrous 
overgrowth is entirely nondistinctive and, although in- 
filtrative, does not display frank anaplasia. There is 
usually an accompanying inflammatory infiltrate of lym- 
phocytes, plasma cells, and neutrophils, suggesting in- 
flammatory rather than neoplastic disease. The fibrosis 
is particularly important because it often encroaches on 
the ureters and may produce hydronephrosis. The fi- 
brous tissue insinuates itself into the retroperitoneal fat 


and about the retroperitoneal organs, and in some ways 
is the analog of the desmoid tumor. Distant metastasis 
or regional node involvement is not encountered. The 
origin of this condition is obscure, as pointed out in the 
more complete discussion of this entity. 


MESENTERIC CYSTS 


Large-to-small cystic masses are sometimes found 
within the mesenteries in the abdominal cavity or 
attached to the peritoneal lining of the abdominal wall. 
These cysts are usually of obscure nature and origin, 
but sometimes offer difficult clinical diagnostic problems 
because they present on palpation as abdominal masses. 
Many classifications have been proposed that attempt 
to designate groups according to common pathogenetic 
origins. On this basis, it has been suggested that mes- 
enteric cysts be divided into (1) those arising from 
sequestered lymphatic channels; (2) those derived from 
pinched-off enteric diverticula that usually arise during 
the early development of the fore- and hindgut; (3) those 
derived from the urogenital ridge or its derivatives, i.e., 
the urinary tract and male and female genital tracts; (4) 
those derived from walled-off infections or postpancrea- 
titis, more properly called pseudocysts; and (5) those of 
malignant origin. 

Usually these cysts are single, but occasionally 
multiple loculations are found either attached to or 
dispersed throughout the abdominal cavity. They vary 
from small, 1- to 2-cm nodules to massive structures, 
15 to 20 cm in diameter. The fluid content in those of 
lymphatic origin is chylous; in the remainder it is fairly 
nondescript and may be either serous or mucinous, 
varying in color from pale yellow to muddy red-brown. 
Considerable turbidity may be imparted by necrotic 
tissue or old blood in the pseudocysts. Histologically, 
the wall is composed of fibrous tissue and may have 
such specialized cytologic detail as permits identification 
of the derivation of the cyst. The principal anatomic 
feature of importance in these cysts is the clear separa- 
tion of the non-neoplastic from the very rare cystaden- 
ocarcinomas. Since most are non-neoplastic and since 
they usually are fairly mobile or at most are loosely 
attached structures, surgical resection is the treatment 
of choice and permits cure. 


TUMORS OF PERITONEUM 


Virtually all tumors of the peritoneum are malignant 
and can be divided into primary and secondary forms. 

Primary tumors of the peritoneum are extremely 
rare and are called mesotheliomas. These exactly dupli- 
cate the tumors found in the pleura and the pericardium. 
Like the supradiaphragmatic tumors, peritoneal meso- 
theliomas are associated with asbestos exposure in at 
least 80% of cases. How inhaled asbestos induces a 
peritoneal neoplasm is a mystery. Conceivably some is 
swallowed, but this is sheer speculation. Mesotheliomas 
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all look alike and behave alike, regardless of their 
primary sites of origin. Thus, for further details, refer- 
ence should be made to the discussion of the most 
common of these unusual forms of neoplasia, pleural 
mesotheliomas (p. 760). 

Secondary tumors of the peritoneum are, in con- 
trast, quite common. In any form of advanced cancer, 
penetration to the serosal membrane or metastatic seed- 
ing may occur. The most common tumors producing a 
diffuse serosal miliary implantation are ovarian or pan- 
creatic carcinomas. However, it is seen in any type of 
intra-abdominal malignancy, and occasionally represents 
distant metastases from tumors in other locations within 
the body. 

Additional mention might be made of the very 
uncommon tumors that may arise from retroperitoneal 
tissues, i.e., fat, fibrous tissue, blood vessels, lymphat- 
ics, nerves, and the lymph nodes alongside the aorta. 
These native structures may give rise to benign or 
malignant neoplasms called retroperitoneal tumors that 
resemble their counterparts arising elsewhere in the 


body. 
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THE LIVER AND BILIARY TRACT 


NORMAL Hepatitis A Cirrhosis associated with alpha-1-antitrypsin 
PATHOLOGY Hepatitis B (A1AT) deficiency 
Jaundice Non-A, non-B hepatitis Cirrhosis of Wilson's disease 


Hepatic Failure 
Hereditary Hyperbilirubinemias 
Gilbert's syndrome 
Crigler-Najjar syndromes 
Dubin-Johnson and Rotor’s syndromes 
Circulatory Disorders 
Acute and chronic passive congestion (CPC) 
and central hemorrhagic necrosis (CHN) 
of liver 
Cardiac sclerosis 
Infarcts of liver 
Hepatic vein thrombosis (Budd-Chiari 
syndrome) 
Portal vein obstruction and thrombosis 
infections 
Viral hepatitis 
Causative agents, immunologic 


Delta hepatitis 
Carrier state 
Acute viral hepatitis 
Chronic hepatitis 
Chronic persistent hepatitis (CPH) 
Chronic active hepatitis (CAH) 
Submassive-to-massive necrosis (fulminant 
hepatitis) 
Pericholangitis and cholangitis 
Liver abscess 
Drug-related injury 
Cirrhosis 
Portail hypertension 
Aicoholic liver disease and cirrhosis 
Postnecrotic cirrhosis 
Pigment cirrhosis—hemochromatosis 
Biliary cirrhosis 


(hepatolenticular degeneration) 
Other forms of cirrhosis 
Benign Tumors and Nodular Hyperplasia 
Nodular hyperplasia 
Liver cell adenoma 
Other benign tumors 
Malignant Tumors 
Primary carcinoma of liver 
Hepatoblastoma 
Angiosarcoma 
Metastatic tumors 
Miscelianeous Disorders 
Neonatal hepatitis (including biliary 
atresia) 
Reye’s syndrome 
Postmortem changes 


markers, and epidemiology 


NORMAL 


The liver, quite rightly, has been called “the cus- 
todian of the milieu intérieur.” Hepatic disorders, there- 
fore, have far-reaching consequences on the body’s 
homeostasis that are best understood from the perspec- 
tive of normal structure and function. Only a few salient 
features can be reviewed. Enclosed within a delicate, 
fibrous, serosa-covered Glisson’s capsule, the normal 
adult liver weighs 1400 to 1600 gm. In the right mid- 
clavicular line its upper border is usually at the fifth 
intercostal space and the lower border at or close to the 
costal margin. Enlargement of the liver with protrusion 
below the costal margin is often a signal of hepatic 
disease. Occasionally in normal individuals, and partic- 
ularly in those with some intrathoracic disorder such as 
pleural fluid or emphysema, the lower border of the 
normal liver may protrude 1 to several centimeters 
below the costal margin, but nonetheless the normal 
edge is smooth, yielding, nonpulsatile, and unmarred 
by nodularity. 

Microscopically and functionally, the liver has been 
subdivided classically into roughly hexagonal lobules, 1 
to 2 mm in diameter, oriented about a central vein (a 
tributary of the hepatic vein). The lobules are poorly 
demarcated on the periphery by portal tracts situated 
approximately at the angles of the hexagon. The blood 
supply to the liver parenchyma flows from the portal 
triads to the central veins; about 30 to 40% is provided 
by the terminal ramifications of the hepatic artery and 
the remainder by the portal vein radicles. On this basis 
it is argued that the portal triads constitute the center 
of the functional unit, and the central veins mark the 
outer boundary of what is called a portal lobule. More 
recent studies point out that the functional unit of the 
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liver, referred to as an acinus, is centered about portal 
vein and hepatic artery branches that leave the portal 
tracts at intervals and run along the sides of the classic 
hexagonal lobule to serve pie-shaped segments of con- 
tiguous lobules.’ The parenchyma of the acinus is di- 
vided into three zones, zone 1 being closest to the 
arterial and portal supply, zone 3 abutting the central 
vein, and zone 2 being intermediate. This may explain 
why many forms of toxic injury to the liver are most 
severe in the periphery of the classical lobule but in 
zone 1 are exposed to the greatest concentration of 
blood-borne hepatotoxins. Analogously, hypoxic injury 
such as occurs with shock or cardiac failure, although 
referred to as “central necrosis, is actually located at 
the periphery of the acinus in zone 3 most remote from 
the arterial and portal supply. Despite the many virtues 
of the acinus conception, the classical lobule is an “old 
soldier” that will not die and so persists as the standard 
hepatic unit. 

There is little disagreement about the internal 
architecture of the lobule or acinus. Oversimplified for 
the sake of brevity, it comprises cribriform, branching, 
or anastomosing sheets or plates of hepatocytes. In 
microscopic sections the plates appear as cords of cells 
radially disposed about the central vein, some of which 
terminate at the margin of the portal triads. The line- 
up of hepatocytes about the portal tracts is referred to 
as “the limiting plate.” In the normal adult in middle 
life, there is relatively little variation in liver cell size 
and structure. The great preponderance of hepatocytes 
have single round nuclei and are remarkably uniform in 
size (Fig. 19-1). Variations in nuclear size and binucleate 
cells are exceedingly uncommon, and mitoses are rare 
to absent. In later life, atrophy and dropping out of 
isolated cells, followed by compensatory hypertrophy 
and regeneration, introduces some variation in size of 
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Figure 19-2. Scanning electron micrograph of mouse liver. Sinusoidal lining with typical fenestrations 
of endothelial cells. (Fixation by perfusion with glutaraldehyde; x 15,000.) (Courtesy of Drs. G. Stohr 
and H. D. Fahimi, University of Heidelberg.) 


SINUSOID 


Figure 19-3. Low-power photomicrograph of liver fixed by vascular perfusion. Liver cords are oriented 
on both sides of vascular sinusoid. BC marks biliary canaliculi between adjacent liver cells. (Courtesy 
of H. D. Fahimi, M.D., University of Heidelberg. Reproduced with permission from Lab. Invest. 16:736, 
1967. Copyright 1967, The Williams and Wilkins Company, Baltimore.) 


cells and nuclei and the appearance of binucleate forms, 
as well as rare mitotic figures. Changes such as these 
before later life strongly suggest previous parenchymal 
injury and regenerative activity. Interposed between 
the radial cords of hepatocytes are vascular sinusoids 
receiving blood from both the portal and arterial systems 
and draining into the central veins. The sinusoids are 
lined by fenestrated endothelial cells among which are 
scattered the Kupffer cells of the reticuloendothelial or 
monocyte phagocyte system. Between the sinusoids and 
liver cell cords are the narrow spaces of Disse into 
which protrude hepatocytic microvilli and in which are 
found scattered fat-containing lipocytes (Ito cells) of 
mesenchymal origin, thought to play some role in fat 
transport and storage of vitamin A.” * The endothelial 
fenestrations provide numerous interconnections be- 
tween the spaces of Disse and the sinusoidal lumens 
(Fig. 19-2). The dual blood supply through the portal 
vein and hepatic artery provides a great deal of, but not 
total, protection against infarctions because both vas- 
cular systems, interconnected by numerous anasto- 
moses, contribute to the sinusoidal flow. The hepatic 
artery, before entering the liver, gives off branches such 
as the right gastric and gastroduodenal arteries as well 
as anomalous vessels to structures in the right upper 
quadrant. Retrograde flow through these vessels, when 
the hepatic artery is accidentally or sometimes electively 
ligated (because of trauma to the liver), may prevent 
parenchymal ischemic necrosis. 

The biliary system begins in the centrilobular re- 
gions as an elaborate network of canaliculi interposed 
between abutting hepatocytes (Fig. 19-3). These pro- 
gressively join toward the periphery of the lobule, to 
drain eventually into the intermediate canals of Hering 
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Figure 19—4. Electron micrograph of a biliary canaliculus in center field virtually filled by microvilli, 
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close to the portal tracts, which become the interlobular 
bile ducts within the portal triads. The interhepatocytic 
biliary canaliculi are channels, 1 to 2 wm in diameter, 
formed merely by grooves along the external surfaces 
of abutting liver cells. Thus, the walls of these channels 
are the plasma membranes of the liver cells punctuated 
by numerous microvilli that protrude into the lumens 
of the canaliculi (Fig. 19-4). Membrane-associated actin 
microfilaments within the hepatocytes are particularly 
abundant about the canalicular walls as well as in the 
microvilli. The microfilaments, as will be seen, are 
thought to play some role in transport of bile through 
the canaliculi.‘ It is within the canals of Hering that 
specialized, somewhat flattened bile duct epithelial cells 
first appear and become cuboidal and better defined in 
the ducts within the portal triads. Progressive anasto- 
mosis of the portal bile ducts gives rise to the major 
intrahepatic ducts and, finally, to the extrahepatic and 
common bile ducts. 

The liver has an enormous reserve and regenerative 
capacity. When the remaining hepatic parenchyma is 
normal, patients have survived resection of about 80 to 
90% of the liver. Reexploration or hepatic scan a year 
later has confirmed regeneration of the liver mass to 
approximately normal levels.» Among the numerous 
functions of the liver, only bilirubin metabolism and 
bile excretion will be briefly reviewed, to facilitate the 
understanding of hyperbilirubinemia.® A schema of nor- 
mal bilirubin metabolism is offered in Figure 19-5. As 
indicated, the preponderance of bilirubin (80 to 85%) is 
derived from the extrahepatic breakdown of senescent 
red cells. About 15 to 20% cames mainly from the 
destruction of newly formed red cells in the bone 
marrow and a small fraction from the turnover, largely 
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many of which are cut in cross section (x 1600). (Courtesy of H. D. Fahimi, M.D. Reproduced with 


permission from Biol Cell. 34:119, 1979.) 
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Figure 19—5. Normal bilirubin metabolism. 


in the liver, of heme and heme proteins (e.g., myoglo- 
bin, cytochrome, heme-containing enzymes). These 
sources provide what is referred to as “early labeled 
bilirubin,” since with isotopic studies it appears before 
the major fraction from senescent erythrocytes. The 
hemoglobin molecule is split and the heme, together 
with that derived from nonerythroid sources, is oxida- 
tively cleaved within phagocytes by a microsomal heme 
oxygenase to yield biliverdin. The biliverdin is then 
converted to bilirubin [X? by a reductase and released 
into the plasma, where it is tightly bound to albumin 
for transport to the liver. This unconjugated bilirubin is 
toxic and liposoluble, but not water soluble. Because it 
is tightly bound to albumin, very little, ifany, is excreted 
through the renal glomeruli. A very small fraction of 
unconjugated bilirubin is present in the plasma as a 
protein-free diffusible anion. This unbound bilirubin 
can cross the blood-brain barrier, more readily in the 
newborn than in the adult, particularly when it is 
rendered more permeable by systemic hypoxia that 
simultaneously interferes with albumin binding. Thus, 
when appropriate conditions prevail, as they do in 
hemolytic disease of the newborn and certain hereditary 
unconjugated hyperbilirubinemias, serious damage to 
the myelin-rich structures of the brain, known as ker- 
nicterus (p. 487), may be caused by the liposoluble 
unconjugated bilirubin. The further metabolism of un- 
conjugated bilirubin takes place in the liver and involves 


three separable processes: (1) uptake by hepatocytes, 
(2) conjugation, and (3) secretion or excretion into bile. 
Most vulnerable to derangement by disease is the third. 

Uptake of bilirubin by hepatocytes implies trans- 
port of the pigment from the blood across the plasma 
membrane of the liver cell. The precise events involved 
are still poorly understood. Presumably, close to or with 
the spaces of Disse, the albumin-unconjugated bilirubin 
complex is dissociated and the pigment traverses the 
cell membrane to be picked up by cytoplasmic proteins 
(ligandin and Z protein).’ Many observations suggest 
that the transmembrane passage is mediated by recep- 
tors and carriers, but they Have not been well charac- 
terized. Whatever the process of uptake may be, it is 
extremely rapid and effective; since the plasma bilirubin 
level is normally less than 1 mg/dl. 

Conjugation is required to convert bilirubin into a 
water-soluble nontoxic pigment that can be secreted by 
the liver cell. Two steps are involved. First, utilizing 
glucuronic acid, a monoglucuronide is produced by 
bilirubin glucuronyl transferase, followed by the for- 
mation of a diglucuronide. ‘The transferase is also in- 
volved in the formation of the diglucuronide but a 
plasma membrane-associated transglucuronidase may 
also participate. Normally, 85% of the bilirubin in bile 
is in the form of diglucuronide, the remainder being 
monoglucuronide. 

Excretion or secretion of bilirubin into the bile is 
virtually limited to the conjugated form of the pigment. 
The precise details of the process are still unknown, but 
active secretory transport is involved and the process is 
saturable. The secretion of bilirubin by the hepatocyte 
is the rate-limiting step in bilirubin metabolism. With 
excess production of bilirubin, the secretory process 
may be overloaded. Other organic anions such as Brom- 
sulphalein (BSP) and agents used for cholecystography 
are excreted through the same pathway, whereas bile 
acids pass through a totally independent pathway. When 
secretion is compromised, conjugated water-soluble bil- 
irubin “regurgitates” from hepatocytes into the blood- 
stream, where most is loosely complexed to albumin 
and so is readily dissociated and filtered through the 
glomeruli. However, some of the conjugated bilirubin 
is tightly bound to albumin by covalent bonds.” This 
so-called “third form of bilirubin” (the other two being 
unconjugated bilirubin and conjugated bilirubin loosely 
complexed to albumin) cannot pass the glomerular filter 
and so accounts for slow clearance of this form of 
conjugated hyperbilirubinemia. Because of its recent 
recognition, little is yet known about the full clinical or 
functional significance of this covalently bound bilirubin. 

Conjugated bilirubin, whether loosely or tightly 
bound to albumin, once in the bile, passes eventually 
into the intestinal tract. Most is converted here into 
urobilinogen by the intestinal flora. A small amount of 
urobilinogen is excreted in the stool, but most is readily 
absorbed to be returned to the liver through the portal 
blood, only to be excreted again in the bile. During this 
enterohepatic circulation, a small amount is excreted 
through the urine. 


To complete the consideration of bilirubin metab- 
olism, bile formation and flow should be described. As 
formed within the liver, it is an isotonic fluid having an 
electrolyte composition similar to that of interstitial 
fluid. It contains a variety of inorganic electrolytes, 
mainly Nat, Cl~, and Ca**, and organic components, 
principally conjugated bilirubin, bile acids (mainly cholic 
and chenodeoxycholic), and their salts, unesterified cho- 
lesterol and phospholipids (mainly lecithin). Cholesterol 
is virtually insoluble in water but is maintained in 
solution by incorporation into micelles with the bile 
acids and phospholipids. The concentration of choles- 
terol in the bile relative to that of the bile acids and 
phospholipids is critical to its solubility (detailed on p. 
945). The bile acids are synthesized in the liver cell and 
are largely conjugated to taurine and glycine. Their 
transport across the hepatocytic plasma membrane is an 
active energy-dependent process (bile acid pump) totally 
independent of bilirubin transport. When the bile is 
excreted into the small intestine the micelles are dis- 
sociated and some of the bile acid is excreted with the 
intestinal contents, but most is reabsorbed, returned to 
the liver, and again secreted into the bile, making up a 
bile-acid enterohepatic circulation. 

Particularly important for our later consideration of 
hyperbilirubinemia and jaundice are the forces that 
facilitate the flow of bile through the canaliculi. Two 
processes appear to be involved: (1) osmotic forces and 
(2) mechanical forces. The osmotic force is generated 
by the active pumping of two solutes into the lumen of 
the channel, bile acids by the so-called bile acid pump, 
and sodium under the influence of Na-K-ATPase (the 
bile acid—independent pump). Water then flows along 
the osmotic gradient to create a driving force. The 
mechanical force is less well defined. As you recall, 
microvilli and actin microfilaments are arrayed about 
the walls of the canaliculi. The microfilaments are 
thought to maintain the patency of the canaliculi and 
possibly to contribute contractile tone, which aids in 
the propulsion of the bile. In theory, then, impaired 
bile flow could result from: (1) some derangement at 
the level of the canaliculi in bile acid transport or 
sodium transport or (2) alterations in the cytoskeleton 
of the canalicular walls or blockage of the canaliculi or 
ducts. The relevance of these details of bilirubin and 
bile metabolism will become evident in the later con- 
sideration of the disorders that cause hyperbilirubinemia 
and, therefore, jaundice. 


PATHOLOGY 


Vulnerable to a wide variety of metabolic, circula- 
tory, toxic, microbial, and neoplastic insults, the liver 
is one of the most frequently injured organs in the 
body. In some instances the disease is primary in the 
liver: for example, viral hepatitis and hepatocellular 
carcinoma. More often the hepatic involvement is sec- 
ondary, often to some of the most common diseases of 
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man, such as cardiac decompensation, disseminated 
cancer, alcoholism, and extrahepatic infections. Many 
liver disorders have already been discussed elsewhere 
and receive no further consideration here. A few ex- 
amples follow for recall. Fatty change was discussed on 
page 18. It is a common alteration that appears with 
many forms of injury, notably in alcoholics. Excess 
accumulation of glycogen (p. 21) is seen principally in 
the diabetic and the glycogen storage diseases. With its 
rich content of Kupffer cells, the liver participates along 
with the remainder of the mononuclear-phagocyte sys- 
tem in the clearance of abnormal macromolecules cir- 
culating in the blood in a variety of inborn errors of 
metabolism, such as Gaucher's disease (p. 146), Nie- 
mann-Pick disease (p. 145), and the mucopolysacchari- 
doses (p. 150). Marked hepatic involvement is often 
seen with systemic amyloidoses (p. 203), sometimes 
with the production of striking hepatomegaly and even 
functional hepatic failure. Various forms of pigment may 
accumulate in the liver, the two most important being 
hemosiderin and lipofuscin. Both were described on 
page 23, and further details on hemosiderosis will be 
presented in the consideration of hemochromatosis. You 
may recall that the appearance of lipofuscin within cells 
is a marker of atrophy, and so is encountered in livers 
that have decreased in size and undergone what is called 
“brown atrophy.” With these few reminders, further 
discussions can be limited to involvements not covered 
elsewhere. 

Whether primary or secondary, all hepatic derange- 
ments ténd to cause similar signs and symptoms; be- 
cause of the liver’s considerable reserve, however, man- 
ifestations appear only when the injury is significant and 
diffuse or strategically located so as to obstruct biliary 
outflow. Common presenting complaints are malaise, 
weakness, and loss of appetite. These nonspecific com- 
plaints are usually accompanied by clinical or laboratory 
evidence of deranged hepatic functions relating to syn- 
thesis of proteins and lipids, amino acid metabolism, 
energy generation, detoxification, and excretion of bili- 
rubin and bile. Ultimately, hepatic failure may ensue. 
Because jaundice and hepatic failure are common to so 
many forms of liver disease, they will be discussed at 
the outset. 


JAUNDICE 


Jaundice, also called icterus, refers to yellow pig- 
mentation of the skin or sclerae by bilirubin. It is 
particularly noticeable in the eyes because of the high 
scleral content of elastin, which has a special affinity for 
bilirubin. With deep jaundice the pigmentation may 
take on a green hue, since conjugated bilirubin is readily 
oxidized to biliverdin. Jaundice always signifies hyper- 
bilirubinemia, but it does not become clinically evident 
until the serum bilirubin level exceeds 2 mg/dl (normal 
0.5 to 1 mg). The cause of hyperbilirubinemia can be 
categorized as (1) overproduction of bilirubin related to 
intravascular or extravascular hemolysis; (2) impaired 
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liver cell uptake, conjugation, or secretion of bilirubin; 
and (3) inhibition of the outflow of bile (cholestasis). 
On this basis jaundice is sometimes divided into he- 
molytic, hepatocellular, and cholestatic categories. The 
differentiation of these three categories is of major 
clinical importance, but first some details about chole- 
stasis. 

Cholestasis can be defined broadly as a reduction 
of canalicular bile flow. It is caused by a great many 
disorders that have in common either impairment of 
canalicular bile flow or obstruction of the bile ducts, 
usually the extrahepatic ducts. On this basis, cholestasis 
can be divided into extrahepatic and intrahepatic cate- 
gories. Many clinicians restrict the term “cholestasis” to 
jaundice caused by intrahepatic disease, and refer to 
the extrahepatic form as “obstructive jaundice,” but 
here the use of the term “cholestasis” embraces both 
categories.® Extrahepatic cholestasis may be produced 
in approximate order of frequency by (1) gallstones 
impacted within the right or left hepatic ducts, common 
bile duct, or ampulla of Vater; (2) carcinoma of the head 
of the pancreas; (3) obstructive carcinomas of the extra- 
hepatic ducts or papilla of Vater; (4) acute and chronic 
pancreatitis; (5) inflammatory stenosing strictures some- 
times related to previous surgery of the biliary appara- 
tus; (6) congenital atresia of the major bile ducts; and 
(rarely) (7) inadvertent surgical interruption of a major 
extrahepatic duct. The intrahepatic cholestatic category 
must be divided into two subgroups: (a) cholestasis 
associated with diffuse parenchymal disease, referred to 
as hepatocellular cholestasis; and (b) cholestasis related 
to some disturbance in canalicular bile flow but unas- 
sociated with parenchymal disease, and thus called 
“pure cholestasis. It will become evident that the 
distinction between these two subgroups can become 
blurred because, with persistent “pure” cholestasis, the 
retention of bilirubin and bile acids uncouples oxidative 
phosphorylation of hepatocytes and damages the P450 
cytochrome enzymes, and the detergent action of the 
bile acids increases membrane permeability. Thus, with 
long-standing cholestasis, whatever its origins, paren- 
chymal cell injury secondarily appears.®* }° Nonetheless, 
the two subsets usually can be differentiated, at least at 
the outset. The major causes of hepatocellular cholesta- 
sis are (1) some cases of viral hepatitis, often designated 
cholestatic or cholangiolitic viral hepatitis; (2) some cases 
of alcohol-induced fatty liver or hepatitis; and (3) some 
forms of chemical or drug-induced injury. The subset 
associated with “pure” cholestasis includes (1) “early” 
biliary cirrhosis; (2) fibrocystic disease of the pancreas; 
(3) the hereditary Dubin-Johnson and Rotor syndromes; 
(4) congenital atresia of the intrahepatic ducts; (5) the 
use of natural and synthetic sex hormones such as 
estrogens, oral contraceptives, and anabolic steroids 
such as methyltestosterone; (6) benign familial recurrent 
cholestasis; and (7) recurrent jaundice of pregnancy. 
Virtually all the extrahepatic and intrahepatic causes of 
cholestasis are described later. Only a few comments 
are required here on the last two uncommon entities. 

Benign familial recurrent cholestasis is an obscure, 
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nonprogressive form of jaundice that, as indicated, tends 
to run in families and usually has an early age of onset. 
For these reasons it is vaguely attributed to some 
congenital derangement in canalicular bile flow. There 
are no apparent histologic changes in the liver or 
obstructive lesions in the biliary apparatus, despite the 
persistence of the disease or the number of recurrences. 
Recurrent jaundice of pregnancy most often appears 
during the last trimester. The biochemical changes 
mimic those of extrahepatic obstructive disease, but 
they promptly clear after delivery and sometimes recur 
with subsequent pregnancies. The condition is thought 
to be related to some idiosyncrasy to increased levels of 
estrogens analogous to the jaundice caused in some 
individuals by exogenous female sex hormones. 

The pathogenesis of the cholestasis with extrahe- 
patic obstruction is obvious, but with the intrahepatic 
disorders it is still poorly understood. As pointed out 
earlier (p. 889), two mechanisms are thought to contrib- 
ute to canalicular bile flow: (1) flow of water along the 
osmotic gradient created by the bile acid dependent- 
and bile acid independent—sodium “pumps and (2) the 
canalicular contractile tone provided by the actin micro- 
filaments. Without substantial proof, it is speculated 
that some derangement in one or both of these mecha- 
nisms produces intrahepatic cholestasis.'’ Alterations (to 
be described) in the pericanalicular actin microfilaments 
have been observed in association with cholestasis. In 
addition, reduced activity of membrane-associated AT- 
Pase and retention of bile acids is seen with cholestasis, 
and so injury to the “pumps may also play a role.” 
Unfortunately, there is still some uncertainty about 
whether these changes are primary or the consequences 
of cholestasis. 


The morphologic features of cholestasis depend some- 
what on its severity, duration, and underlying cause. In 
general, the intrahepatic disorders tend to produce milder 
degrees of cholestasis than the extrahepatic disorders. The 
most distinctive features of intrahepatic disorders are 
elongated green-brown plugs of bile in dilated canaliculi, 
most prominent toward the centers of the lobules, ac- 
companied by droplets of pigment within liver cells and 
sometimes Kupffer cells (Fig. 19-6). In “pure” cholestasis 
the liver cells at the outset appear morphologically normal 
by light microscopy, but ultrastructural examination reveals 
distortion or loss of microvilli, and an increase in number but 
disorganization of membrane-associated actin microfila- 
ments in the region of the canaliculus.* The alterations in 
microvilli are thought to be secondary to the cholestasis,’ 
but those of the microfilaments may be important, as has 
been noted. Similar changes appear in cholestasis associ- 
ated with parenchymal disease, but are superimposed on 
those of the underlying disease. Hepatocytic swelling may 
contribute an obstructive element, but even with “pure” 
cholestasis the liver cells swell in time and undergo so- 
called “feathery” degeneration or necrosis. The cytoplasmic 
appearance is created by vacuoles containing dense lamel- 
lated membranes, probably representing liquid crystals of 
bile acids and phospholipids.'* Distention of the cisternae of 
the Golgi complex and mitochondrial swelling and distortion 
are also evident with protracted cholestasis. Eventually the 
canalicular bile stasis, whatever its origin, leads to 
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Figure 19-6. Liver-bile stasis. Bile canaliculi distended with inspis- 
sated bile. Kupffer cells contain phagocytized bile. 


proliferation of intralobular ductules and portal tract bile 
ducts, sometimes accompanied by mild periportal fibro- 
sis, mimicking biliary cirrhosis (p. 928). 

In contrast to the intrahepatic cholestatic syndromes, 
extrahepatic obstructions induce a pattern of cholesta- 
sis that begins with distention of the extrahepatic biliary 
apparatus by bile, with progressive retrograde extension 
of the bile stasis into the intrahepatic duct system. The 
bile stasis in the duct radicles within the portal triads leads 
to proliferation of the epithelial lining cells, sometimes ac- 
companied by an increase in surrounding fibrous tissue. 
Eventually the canaliculi become distended with bile, and 
pigment can be seen within liver cells and Kupffer cells, 
recapitulating the changes of intrahepatic cholestasis. The 
most helpful differential feature of extrahepatic obstruc- 
tion is rupture of canaliculi with extravasation of bile, 
producing so-called “‘bile lakes” surrounded by injured 
or necrotic liver cells. Because stasis of bile predisposes 
to ascending bacterial infections, extrahepatic cholestasis 
may be complicated by ascending cholangitis and cholan- 
giolitis marked by intraductal and intraductular accumulations 
of neutrophils. 


Whatever the underlying disorder, cholestasis itself 
is regularly associated with distinctive clinical changes. 
Not only is there conjugated hyperbilirubinemia and 
jaundice but, even more characteristic, elevation of the 
serum level of bile acids, which produces one of the 
most distressing features of cholestasis—itching (pruri- 
tus). Often the rise in serum bile acids and the pruritus 
precede the appearance of jaundice. When the chole- 
stasis is prolonged, most of the conjugated bilirubin 
becomes tightly bound to albumin by covalent bonds 
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(the “third form of bilirubin”) and so accounts for 
persistence of the jaundice long after bilirubinuria 
ceases.'*“ Hyperlipidemia also appears related, for 
poorly understood reasons, to impaired excretion of 
cholesterol into the bile, sometimes with formation of 
skin xanthomas. There is also increased synthesis of 
cholesterol by liver cells.'* Another characteristic finding 
is an elevated serum level of alkaline phosphatases. This 
group of enzymes is normally present in many tissues 
including liver, bile ducts, bone, placenta, intestine, 
kidney, and leukocytes. Elevated serum levels of alka- 
line phosphatase are therefore encountered in a variety 
of conditions in addition to hepatobiliary cholestatic 
disease, including skeletal disorders associated with new 
bone formation, active normal growth, pregnancy, and 
certain cancers that elaborate the Regan isoenzyme (an 
alkaline phosphatase). The various isoenzymes can be 
segregated by electrophoretic analysis. The increased 
phosphatase levels found with cholestasis reflect in- 
creased enzyme synthesis rather than decreased biliary 
excretion, and are a more sensitive marker of cholestasis 
than hyperbilirubinemia, often preceding it. Many other 
changes may accompany the reduced bile flow into the 
intestines, including malabsorption of fat and fat-soluble 
vitamins, and so steatorrhea and manifestations related 
to a deficiency of vitamins A, D, or K sometimes 
develop, principally hypoprothrombinemia (vitamin K 
deficiency). Thus come about the major clinical markers 
of cholestasis: conjugated hyperbilirubinemia, elevated 
levels of serum bile acids and alkaline phosphatase, 
hyperlipidemia, and hypoprothrombinemia with a con- 
sequent bleeding diathesis. 

With this overview of cholestasis, it is now possible 
to classify jaundice based on pathophysiologic mecha- 
nisms (Table 19-1). It is of great clinical importance to 
differentiate unconjugated from conjugated hyperbili- 
rubinemia and, further, to identify the particular cause 
of the conjugated hyperbilirubinemia. Unconjugated 
hyperbilirubinemia is said to be present when 80 to 
85% of the total serum bilirubin is unconjugated. The 
van den Bergh reaction can be used to differentiate 
these two types of hyperbilirubinemia. When the test 
is carried out in an aqueous medium, the water-soluble 
conjugated bilirubin reacts to give the so-called “direct” 
fraction. When carried out in methanol, both conjugated 
and unconjugated pigments react, giving the total bili- 
rubin level. The difference between the total and direct 
levels represents the “indirect” or unconjugated frac- 
tion. A simple, valuable clinical marker of unconjugated 
hyperbilirubinemia is the absence of bilirubin from the 
urine, since the unconjugated pigment is tightly bound 
to albumin and is not filtered through the renal glomer- 
uli. In contrast, conjugated bilirubin is water soluble, is 
less avidly bound to albumin, and therefore is filtered, 
producing a brown-green darkening of the urine. The 
hemolytic anemias are the major causes of unconjugated 
hyperbilirubinemia, but you will also note from Table 
19-1 that there are other causes that usually produce 
only very mild jaundice: resorption of extravascular 
blood from infarcts, hematomas, gastrointestinal bleed- 
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Table 19-1. PATHOPHYSIOLOGIC CLASSIFICATION 
OF JAUNDICE” 


| Predominantly Unconjugated Hyperbilirubinemia 
A. Overproduction 
Intravascular hemolysis 
Hemolytic anemias 
Extravascular hemolysis 
Resorption of blood from large hemorrhagic (e.g., 
pulmonary) infarcts, large hematomas, gastrointestinal 
bleeding 
B. Decreased hepatic uptake 
Prolonged severe fasting 
Sepsis 
C. Impaired bilirubin conjugation (decreased glucurony| 
transferase activity) 
Gilbert’s syndrome 
Crigler-Najjar syndrome 
Jaundice in newborn 
Diffuse advanced hepatocellular disease (e.g., hepatitis, 
cirrhosis) 


lt Predominantly Conjugated Hyperbilirubinemia 
A. Impaired hepatocellular secretion of bilirubin 
Dubin-Johnson syndrome 
Rotor’s syndrome 
B. Cholestatic 
Intrahepatic disorders 
“Pure” cholestasis 
Drug-induced (e.g., methyltestosterone, estrogens, 
oral contraceptives) 
Recurrent jaundice of pregnancy 
Recurrent familial jaundice 
Early primary biliary cirrhosis 
Cholestasis associated with hepatocellular injury 
Viral hepatitis 
Alcohol-induced injury 
Drug toxicity or sensitivity 
Extrahepatic lesions 
Obstructive lesions of major excretory bile ducts 
Gallstones 
Carcinomas of common bile duct, ampulla of Vater, 
and head of pancreas 
Inflammatory strictures of bile ducts 
Atresia of bile ducts 


“The disorders cited are illustrative and not a complete listing. 


ing, and several hereditary conditions (the Gilbert and 
Crigler-Najjar syndromes). In addition, severe diffuse 
hepatocellular disease may so impair conjugating capac- 
ity as to cause a mixed conjugated and unconjugated 
hyperbilirubinemia. 

It is much more difficult to identify the cause of 
conjugated hyperbilirubinemia. It is said to be present 
when more than 50% of the serum bilirubin is in the 
conjugated form. In particular, the differentiation of 
intrahepatic (so-called “medical’’) jaundice from that due 
to extrahepatic lesions (often referred to as “surgical” or 
sometimes “obstructive” jaundice) can be critical. Ex- 
trahepatic obstructive jaundice often can be surgically 
cured, particularly since it is most often produced by 
impaction of a gallstone in the common bile duct or 
ampulla of Vater. In contrast, intrahepatic “medical” 
jaundice cannot be benefited by surgery, and indeed 
the patient’s condition may be worsened by operation. 
It is beyond our scope to delve into this difficult 
diagnostic problem except to point out that the level of 


elevation of the serum alkaline phosphatase may be 
helpful since extrahepatic obstruction induces, in gen- 
eral, higher rises than intrahepatic disease. The same 
can be said of serum bile acids. Abnormal liver function 
tests (some of which will be described in the consider- 
ation of hepatic failure), in contrast, point to “medical” 
jaundice. Unfortunately, long-standing cholestasis, 
whatever its origin, causes hepatocellular injury; thus, 
extrahepatic lesions, unless identified early, may also 
become associated with some parenchymal dysfunction 
with elevated serum levels of both unconjugated and 
conjugated bilirubin. The problem is further com- 
pounded because, with hepatocellular dysfunction, the 
glucuronyl transferase conjugating capacity decreases, 
favoring unconjugated hyperbilirubinemia. Thus, in 
many instances, laboratory tests alone do not permit a 
secure differentiation. Even such diagnostic adjuncts as 
cholecystography, cholangiography, ultrasonography, 
CT scan, and others do not yield a clear diagnosis, and 
so needle liver biopsy is performed in pursuit of a 
morphologic diagnosis. Ultimately, laparotomy may be 
required in the search for a surgically remediable lesion. 


HEPATIC FAILURE 


Like a sandcastle on the shore, the liver’s functional 
capacity may crumble grain by grain as it dries, be more 
rapidly undermined by the oncoming tide, or be sud- 
denly obliterated by a massive wave. Before we present 
some of the disorders that may lead to such liver 
damage, the clinical features of hepatic failure and its 
pathophysiology should be discussed. Hepatic failure 
has many dimensions because of the livers varied 
functions, but certain signs, symptoms, and biochemical 
changes are fairly constant. Jaundice is almost invariably 
present, mainly related to conjugated hyperbilirubine- 
mia, but, as described above, unconjugated hyperbili- 
rubinemia may also contribute. There is often evidence 
of impairment of the liver’s synthetic functions, leading 
sometimes to hypoalbuminemia, but it is not specific for 
hepatic failure since it may have other origins such as 
protein-losing glomerulopathies or enteropathies. Oc- 
casionally with liver failure there is, for poorly under- 
stood reasons, increased globulin synthesis, particularly 
with certain forms of liver injury, such as cirrhosis, 
which together with the hypoalbuminemia may produce 
reversal of the albumin-globulin ratio. Fibrinogen, pro- 
thrombin, and clotting factors V, VII, and X are synthe- 
sized in the liver, and so bleeding tendencies may appear 
with hepatic failure. Particularly vulnerable to liver 
injury is the synthesis of prothrombin, sometimes ag- 
gravated by a deficiency of vitamin K related to fat 
malabsorption. Thus, prolongation of the prothrombin 
time (PT) and partial thromboplastin time (PTT) are 
sensitive indices of impaired hepatic synthetic activity. 
Leakage of cytoplasmic enzymes into the blood occurs 
with all forms of hepatocellular injury. Although the 
serum levels of a variety of enzymes may be increased, 
including the relatively nonspecific lactic dehydrogenase 


(LDH), the two most commonly evaluated are alanine 
aminotransferase (glutamic pyruvic transaminase—GPT) 
and aspartate aminotransferase (glutamic oxalacetic 
transaminase—GOT). GOT is also abundant in myocar- 
dium and skeletal muscle, and so diseases of these 
organs and tissues must be taken into consideration in 
the evaluation of elevated serum levels; GPT is much 
more specific for hepatobiliary disease. Several cautions 
must be noted about the interpretation of the serum 
levels of these enzymes. The level of rise is not linearly 
correlated with the severity of liver injury, but none- 
theless a marked elevation generally means severe pa- 
renchymal damage. However, the levels may drop to 
normal or near normal if the evaluation is delayed for a 
few days after an episode of sudden massive hepatic 
necrosis. Moreover, sudden complete extrahepatic bil- 
iary obstruction also raises the serum level of these 
enzymes even before significant parenchymal damage 
develops. Serum transaminase levels must then be 
interpreted with caution. 

A variety of clinical manifestations may appear, 
some more regularly than others. Fetor hepaticus, a 
rather characteristic musty odor of the breath and urine, 
is frequently noted with both acute and chronic hepatic 
failure. It is thought to be related to the production of 
mercaptans from methionine by the action of the gas- 
trointestinal flora. With chronic liver failure, particularly 
that associated with cirrhosis of the liver, impaired 
degradation of estrogens may induce gynecomastia and 
testicular atrophy. Palmar erythema secondary to vaso- 
dilation of the dermal vessels and “spider” angiomas of 
the skin have also been attributed to hyperestrinism. 

Decreased renal function is a relatively infrequent 
accompaniment of hepatic failure that may arise in a 
variety of circumstances. Hepatic and renal failure may 
be the consequence of toxic damage to both organs by 
drugs or chemicals such as carbon tetrachloride. Im- 
mune complex glomerulopathies (p. 1005) may appear 
in patients with hepatitis. Acute tubular necrosis may 
follow a massive gastrointestinal bleed and hypotensive 
crisis in patients with advanced cirrhosis. Disseminated 
intravascular coagulation (DIC) sometimes complicates 
hepatic failure and causes renal insufficiency. In some 
instances the renal failure is caused by the hepatorenal 
syndrome. Unfortunately, a great deal of confusion 
surrounds the use of this term, and so an attempt will 
be made to qualify it carefully. 

There is a growing consensus that the hepatorenal 
syndrome should be restricted to patients with severe 
liver disease (most often advanced cirrhosis), and func- 
tional renal failure in the absence of morphologically 
overt renal damage. Preservation of structure is attested 
to by the normal function of the kidneys when they are 
used for transplantation’ and the reversibility of renal 
failure following transplantation of a new liver into the 
patient.'® Characteristic is azotemia and severe oliguria 
(urine output falls to 200 to 400 mg per day) with 
hyperosmolarity of the urine despite a low sodium 
output.’” Specifically excluded from this conception of 
the hepatorenal syndrome are the various forms of renal 
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damage previously mentioned. The interpretation of 
renal failure in patients undergoing surgery for biliary 
tract obstruction is more difficult. In some of these 
instances the renal insufficiency can be reasonably re- 
lated to blood loss or hypotension incident to the 
surgery, thus casting it into the category of prerenal 
azotemia or acute tubular necrosis. Occasionally, how- 
ever, no such well-defined precipitating factors can be 
identified, and so biliary tract obstruction with marked 
jaundice and renal insufficiency is still included within 
the limits of the hepatorenal syndrome.'® Despite all 
these qualifications, the term “hepatorenal syndrome” 
is still variously employed, but as used here it implies a 
renal functional derangement without anatomic changes 
except possibly for bile staining of tubular epithelial 
cells and bile-proteinaceous casts in the renal medulla. 

The pathogenesis of the hepatorenal syndrome is a 
mystery. It is known that there is reduction of renal 
blood flow due to generalized renal vasoconstriction that 
is more marked in the cortex than in the medulla.” 
However, the uncertainty as to the cause of the vaso- 
constriction is attested to by the numerous explanatory 
hypotheses. A deficiency of vasodilators such as prosta- 
cyclin or bradykinin has been proposed, but without 
convincing proof. A decrease in renal perfusion secon- 
dary to some reduction in “effective circulating volume” 
related to the large accumulations of ascitic fluid (when 
cirrhosis is present) would be followed by compensatory 
renal vasoconstriction. However, clinical and experi- 
mental studies have failed to confirm this mechanism 
even in cirrhotics, and, moreover, noncirrhotic settings 
do exist with the hepatorenal syndrome.” ?! Failure of 
the damaged liver to filter gut-derived endotoxins (po- 
tent vasoconstrictors) is an attractive theory that has 
been neither substantiated nor excluded.” Thus, the 
hepatorenal syndrome is as much a pathogenetic puzzle 
as it is a conceptual tangle. 

Hepatic encephalopathy, also called hepatic coma, 
is another feared feature of acute and chronic liver 
failure, discussed on page 1422.%. It may also appear 
with portosystemic shunting, and so is also referred to 
as portal-systemic encephalopathy. It is a metabolic 
disorder of the central nervous system with nonspecific 
electroencephalographic changes characterized by dis- 
turbed consciousness, drowsiness, fluctuating neuro- 
logic signs, and a distinctive “flapping tremor’ known 
as asterixis that progresses finally to coma and often to 
death. Particularly characteristic is the asterixis, a series 
of nonrhythmic, rapid extension-flexion movements of 
the head and extremities best brought out when the 
arms are held in extension with dorsiflexed wrists. The 
genesis of the CNS manifestations is still uncertain but, 
whatever the causative agent, there is circumstantial 
evidence that it is produced in the intestines and 
probably derived from protein metabolism. Consistent 
with these beliefs is the development of the encepha- 
lopathy with portosystemic shunting, whether sponta- 
neous in advanced cirrhosis or surgical (portacaval anas- 
tomosis), bypassing hepatic metabolism of putative 
toxins. In addition, a high protein intake worsens the 
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encephalopathy and, conversely, a low protein diet is 
often beneficial. Analogously, gastrointestinal bleeding 
with resorption of the blood products may precipitate 
the syndrome. Antibiotics to reduce the intestinal flora 
are effective in treatment. Thus, the evidence points to 
a gut-derived protein metabolite.“ Ammonia has re- 
ceived a great deal of attention as the toxic agent. In 
the normal liver ammonia is degraded to urea, but in 
patients with hepatic encephalopathy, high levels have 
been found in the blood and cerebrospinal fluid.” At 
the cell level, ammonia interferes with the transfer of 
NADH from cytoplasm to mitochondria, resulting in 
decreased production of ATP. However, hyperammo- 
nemia is not invariably present, and therefore other 
potential toxins have been proposed. The administration 
of methionine to patients and experimental animals with 
portosystemic shunts induces CNS changes that mimic 
hepatic encephalopathy. Thus, it is possible that mer- 
captans produced in the gut by bacterial action on sulfur- 
containing amino acids not only may result in fetor 
hepaticus, but also may contribute to the encephalop- 
athy. A variety of other compounds including short- 
chain fatty acids, false neurotransmitters, and branched- 
chain amino acids have been implicated by one or 
another investigator.** © To date, there is no convincing 
evidence to indict any one of these toxins as the basic 
cause of the syndrome. Conceivably, several may act in 
concert, or each may be capable of inducing the neu- 
rologic syndrome in individual patients. Morphologic 
abnormalities may appear in the brain and are described 
on page 1422. 

With this overview of the features of hepatic failure, 
we can turn to its clinical settings. Only conditions that 
diffusely involve all or the largest part of the liver are 
likely to cause liver failure. Thus, liver abscesses, me- 
tastases, and traumatic lesions (unless massive) infre- 
quently destroy sufficient parenchyma to deplete the 
reserve. The common disorders in North America and 
Europe leading to liver failure can be divided into three 
categories: (1) chronic progressive liver cell destruction, 
(2) ultrastructural lesions unassociated with overt liver 
cell necrosis, and (3) sudden massive necrotizing lesions 
(massive necrosis ).?" 

The two most common conditions in the United 
States causing slow progressive liver cell destruction are 
alcoholic cirrhosis and chronic active hepatitis. Alcohol- 
induced liver injury is much the more frequent, pro- 
vressively depleting the liver reserve over the span of 
years (p. 917). Not infrequently superimposed on this 
chronic course are waves of acute destruction. Chronic 
active hepatitis, on the other hand, may lead to failure 
more rapidly in a few years or less. Intercurrent com- 
plications (to be described) may drastically worsen the 
picture. 

Disorders capable of causing functional insufft- 
ciency in the absence of significant overt liver cell 
necrosis include Reye’s syndrome in children, acute 
fatty liver of pregnancy, tetracycline toxicity, and (rarely) 
the massive fatty liver in chronic alcoholism. 

Although many potential causes of massive necrosis 


of the liver will be cited later (p. 923), the great 
preponderance of cases are related to overwhelming 
viral hepatitis and toxic drug injury as by halothane. 
The liver functional insufficiency may appear within 
days of the acute assault and may occur despite the lack 
of preexisting liver damage. 

A variety of forms of stress may precipitate the 
onset of failure, whatever the basic hepatic disorder. 
Gastrointestinal bleeding is particularly common in pa- 
tients with cirrhosis of the liver because esophageal 
varices are prone to occur secondary to the portal 
hypertension. In addition, alcoholics have an increased 
incidence of peptic ulcer and acute gastritis. The bleed- 
ing may precipitate a hypotensive crisis and add an 
element of hypoxic injury to the underlying liver dam- 
age. Moreover, resorption of nitrogenous breakdown 
products of the blood may contribute to the encepha- 
lopathy. Acute infections through uncertain pathways 
are important precipitating factors. Electrolyte distur- 
bances, particularly hypokalemic alkalosis caused by 
excessive vomiting or diuresis, may initiate the onset of 
hepatic encephalopathy. Indeed, any form of severe 
stress, such as major surgery, heart failure, and shock, 
may serve as the final straw when the hepatic functional 
reserve is already precarious. Unfortunately, there is no 
satisfactory treatment for hepatic failure and when it 
appears it is usually fatal. 


HEREDITARY HYPERBILIRUBINEMIAS 


A small group of familial disorders is characterized 
by jaundice, ranging from mild to severe, caused by 
specific hepatocellular defects in the metabolism of 
bilirubin. They extend in clinical significance from the 
common and fortunately trivial Gilbert’s syndrome to 
the rare and uniformly fatal Type I Crigler-Najjar syn- 
drome. All the hereditary hyperbilirubinemias are of 
interest on two scores: (1) they are experiments of nature 
that have helped dissect the process of normal bilirubin 
metabolism; and (2) they may mimic (some more than 
others) acquired hepatobiliary disease, and so must be 
taken into account in the differential diagnosis of jaun- 
dice. The salient features of the various syndromes are 
listed in Table 19-2, and thus only a few additional 
comments are necessary. 


GILBERT'S SYNDROME 


Also known as constitutional hepatic dysfunction 
and asymptomatic familial unconjugated hyperbilirubi- 
nemia, this benign, presumably autosomal dominant 
syndrome may represent a constellation of derange- 
ments associated with mild jaundice. Most commonly 
there is a defect in hepatocytic uptake of unconjugated 
bilirubin. However, in another subset there appears to 
be some deficiency in glucurony] transferase, manifested 
mainly by decreased conversion of the monoglucuronide 
to the diglucuronide.* Almost half of the patients also 
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have mildly increased hemolysis stressing the metabolic 
dysfunction of the liver cell.”? Because of this hetero- 
geneity it has been suggested that Gilbert's syndrome 
is not a disease, but rather one end of the spectrum of 
the population having one or another mild impairment 
in bilirubin metabolism.* As noted, the major impor- 
tance of this completely benign condition lies in the 
physician’s awareness of its existence, so that more 
serious hepatobiliary disease is not diagnosed in error. 
There are no anatomic alterations in the liver save 
possibly for an increase of lipofuscin in centrilobular 
cells, and the individual is “more yellow than sick.” 


THE LIVER AND BILIARY TRACT 


CRIGLER-NAJJAR SYNDROMES 


The two variants of the Crigler-Najjar syndrome 
appear to be distinctive disorders rather than variable 
severities of a single condition. Affected families have 
one or the other variant, but not both. Type I, with its 
complete or near-complete lack of glucuronyl transfer- 
ase, is lethal usually in infancy owing to the extensive 
brain damage (kernicterus, p. 487) caused by the severe 
unconjugated hyperbilirubinemia. It is an autosomal 
recessive disorder manifested by homozygotes, usually 
the product of consanguineous marriage. Because there 
is little or no conjugation, the hyperbilirubinemia is 
almost entirely due to unconjugated bilirubin. Only 
trace amounts of conjugated bilirubin, largely mono- 
glucuronides, are secreted in the bile, and so it is 
virtually colorless. The only inconstant morphologic 
change in the liver is canalicular cholestasis. 

The Type II variant appears to follow autosomal 
dominant transmission with variable penetrance.*! A 
generally mild deficiency in hepatic glucurony] transfer- 
ase activity has been identified that varies in severity 
from one to another patient, and so there is some 
production of monoglucuronide. The unconjugated hy- 
perbilirubinemia is generally mild, and thus kernicterus 
appears only rarely. Indeed, with milder deficiencies of 
the transferase, the longevity may be normal. Rarely, 
however, there is a greater deficiency of transferase and 
a commensurately more marked hyperbilirubinemia. 
Although there are many similarities between the milder 
expressions of Type II Crigler-Najjar syndrome and the 
subset of Gilbert’s syndrome, having a lack of glucurony] 
transferase, there is greater production of monoglucu- 
ronide in the Type II Crigler-Najjar disorder.” In 
passing, it might be noted that the Gunn rat, also 
deficient in glucurony] transferase, constitutes an excel- 
lent animal model of the Type I disease. It, too, develops 
marked unconjugated hyperbilirubinemia and an en- 
cephalopathy very similar to the kernicterus seen in 
humans. 


DUBIN-JOHNSON AND ROTOR’S SYNDROMES 


These two heritable syndromes are both character- 
ized by a defect in the secretion or excretion of bilirubin 
by the liver cell. There is no derangement in uptake or 
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Figure 19-7. Dubin-Johnson disease, showing fine dustlike pig- 
mentation of liver cells. 

in conjugation, and thus a conjugated hyperbilirubine- 
mia results. Concomitantly there is an inability to ex- 
crete other organic anions using the same secretory 
pathway, and so there is impaired excretion of BSP by 
the liver as well as oral dyes used in cholecystography, 
more complete in the Dubin-Johnson syndrome than in 
Rotor s.* The major difference between the two condi- 
tions is found in the hepatic morphology. In the Dubin- 
Johnson syndrome the liver is macroscopically dark- 
brown to black, caused by a cytoplasmic accumulation 
of pigment mainly within lysosomes (Fig. 19-7).°* The 
nature of the pigment is not known; both lipofuscin and 
melanin have been suggested as possibilities, but the 
results of histochemical studies argue against melanin® 
and the evidence for lipofuscin is also shaky. However, 
a deficiency of superoxide dismutase has been observed 
in a few patients, providing a plausible basis for perox- 
idation of membrane lipids and the formation of lipofus- 
cin residual bodies.*° Apart from the pigmentation, the 
liver is morphologically normal and free of cholestasis 
because biliary flow is normal. In Rotor’s syndrome, on 
the other hand, there is no hepatic pigmentation despite 
the similarity of the bilirubin excretory defect in the 
two syndromes. Corriedale sheep provide an almost 
identical animal model of the Dubin-Johnson syndrome, 
complete with the brown-black pigmentation of the 
liver. 


CIRCULATORY DISORDERS 


Disturbances in the vascular supply or venous 
drainage of the liver are extremely common findings at 


autopsy, but they are only infrequently productive of 
clinically significant liver dysfunction. The resultant 
hepatic changes range from the commonplace and usu- 
ally trivial congestion incident to cardiac decompensa- 
tion to the rare and frequently fatal hepatic vein throm- 
bosis. 


ACUTE AND CHRONIC PASSIVE CONGESTION 
(CPC) AND CENTRAL HEMORRHAGIC 
NECROSIS (CHN) OF LIVER 


These hepatic alterations are considered together 
because they represent essentially a morphologic con- 
tinuum. 

Chronic passive congestion of the liver develops 
with cardiac decompensation, particularly right-sided 
failure (p. 550). It is more commonly present than absent 
in every postmortem examination, since with virtually 
every death there is an element of preterminal circula- 
tory failure. Involved in its production are congestion 
of the central veins and centrilobular hepatic sinusoids 
accompanied by hypoxia incident to the stasis and 
reduction of arterial flow from the cardiac failure. How- 
ever, the congestion falls short of rupturing centrilobular 
hepatic sinusoids, and the hypoxia falls short of causing 
overt necrosis of liver cells (typical of CHN). 


The morphologic changes are dependent on the sud- 
denness of onset of the congestion and its severity. With 
acutely developing congestion the liver is slightly en- 
larged, somewhat tense, and cyanotic with rounded edges. 
On transection blood freely exudes, relieving somewhat the 
purple-red centrilobular congestion that contrasts with the 
peripheral, more normal color of the liver lobules. With CPC 
slight liver enlargement may or may not be present, but it is 
less tense than in the acute disease. Here the centrilobular 
congestion is often surrounded by yellow-brown parenchyma 
because of the accumulation of microvacuolar fat in the 
surrounding hypoxic hepatocytes. Histologically, the central 
veins are prominent, somewhat distended, and associated 
with distended centrilobular sinusoids. Often, there is some 
atrophy of the hepatocytes due to compression and hypoxia. 
Minimal extrasinusoidal hemorrhages may be present but 
there is no significant necrosis of the adjacent liver cells. 
With more severe CPC the transection takes on the ap- 
pearance of the cut surface of a nutmeg, hence the fre- 
quently used term nutmeg liver (Fig. 19-8). The centrilob- 
ular congestion now appears more irregular and sometimes 
stellate in shape, outlined by a racemose (cluster of grapes) 
pattern of pale, distinctly fatty parenchyma. Liver cell atrophy 
and extrasinusoidal microhemorrhages are somewhat more 
prominent. 


Congestion, acute or chronic, rarely produces more 
than minimal hepatomegaly, but the lower edge of the 
liver may become palpable and sometimes pulsatile, 
with tricuspid incompetence. Often it is tender to 
palpation owing to distention of Glisson’s capsule. Usu- 
ally, congestive changes alone do not produce jaundice 
or clinically significant hepatic dysfunction, but inter- 
current stress such as blood loss, systemic infections, or 
shock with hypoperfusion may tip the balance. 
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Figure 19-8. Cross section of liver with chronic passive congestion. 
Congestive bridges give nutmeg pattern. 


Central hemorrhagic necrosis seen with more se- 
vere cardiac failure is essentially an extension of CPC 
of the liver. Although marked congestion may play a 
contributory causal role, studies implicate hypoxia sec- 
ondary to arterial hypoperfusion as the main factor.*” 
Thus, hepatic CHN may also be encountered with shock 
and even lesser degrees of systemic vascular collapse. 
Because hypoperfusion alone may induce the hepatic 
changes in the absence of venous congestion, some 
investigators prefer the designation centrilobular necro- 
sis. 


Grossly, the liver may not be distinguishable from that 
in marked CPC, but occasionally it is slightly reduced in size 
and may have a granularity to the surface best seen on 
reflected light owing to depression of the necrotic lobular 
centers. On transection the nutmeg appearance is accen- 
tuated, as are the subtle depressions of the centrilobular 
regions. The distinctive features that differentiate CHN 
from CPC microscopically are (1) marked centrilobular 
sinusoidal dilatation with hemorrhages into the hepatic 
cords and (2) atrophy and overt necrosis of scattered 
hepatocytes about the central vein. In severe expres- 
sions, virtually all cells within the centers of the lobules 
are necrotic (Fig. 19-9). Occasionally, bands of necrosis in 
adjacent lobules may interconnect or “bridge.”** Neutrophilic 
infiltration may be evident in the periphery of the areas of 
necrosis, but it is usually scant and sometimes completely 
absent. When it is preceded by CPC there may be fatty 
change of the surviving liver cells at the periphery. 


CHN is more likely to appear with marked right- 
sided failure, but may be caused by left-sided failure, 
shock, or any other basis for systemic hypoperfusion. 
Infrequently it is associated with hepatic vein throm- 
bosis or any condition that severely impedes the venous 
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Figure 19-9. Central necrosis of liver. Microscopic detail revealing 


dark, shrunken hepatocytes in center of lobules and numerous red 
cells lying outside of sinusoids. S points to sinusoids. 


return to the heart, such as constrictive pericarditis or 
cardiac tamponade. The parenchymal damage may be 
sufficient to induce elevated serum transaminases, mild- 
to-moderate jaundice, and other manifestations of he- 
patic insufficiency. 


CARDIAC SCLEROSIS 


This uncommon complication of severe cardiac fail- 
ure basically represents the fibrosing reaction that fol- 
lows long-standing severe CPC and/or centrilobular 
necrosis. Presumably the protracted central hypoxia 
prevents hepatocellular regeneration resulting in scar- 
ring. Sometimes this condition has been called cardiac 
cirrhosis but, as will be evident (p. 915), the pattern of 
liver fibrosis and damage rarely fulfills the accepted 
criteria for the diagnosis of cirrhosis. 


The scarring of cardiac sclerosis is delicate, subtle, and 
easily missed on both gross and microscopic examination. 
Typically, the liver is slightly reduced in size and has a fine 
pigskin grain on its external surface. On transection there is 
a subtle depression of the centers of the lobules, creating a 
resemblance to CHN, but the congestive features are less 
prominent. There is often some increased resistance to 
finger-fracture of the hepatic substance. Microscopically, 
there is a subtle increase in fibrous tissue about the central 
veins from which delicate strands fan out into the surrounding 
liver substance. The fibrosis is often sufficiently subtle to 
require special stains to highlight the collagen, but may be 
marked (Fig. 19-10). Interconnection of the fibrous strands 
to produce tracts of fibrous tissue bridging with those of 
adjacent lobules (cardiac cirrhosis) is seen only in extreme 
examples, usually in association with tricuspid insufficiency. 


The clinical consequences of cardiac sclerosis are 
either negligible or identical to those of CHN. The 
chronic liver damage rarely induces portal hypertension 
or the other accompaniments of well-defined cirrhosis 
of the liver. 


INFARCTS OF LIVER 


As noted earlier, the double blood supply to the 
liver undoubtedly accounts for the rarity of infarcts. 
Infrequently, however, thrombosis or compression of 
an intrahepatic branch of the hepatic artery caused by 
polyarteritis nodosa, embolism, neoplasia, or sepsis re- 
sults in a localized infarct that is usually anemic or 
sometimes hemorrhagic when small (owing to suffusion 
of portal blood). It is often difficult to identify the 
arterial occlusion, and so it has been said that infarcts 
of the liver may occur in the apparent absence of arterial 
obstruction, merely as a result of shock and hypoper- 
fusion.” It should be noted that occlusion of an intra- 
hepatic branch of the portal vein does not cause ischemic 
infarction, but instead a sharply demarcated area of red- 
blue discoloration inappropriately referred to as an 
infarct of Zahn. Microscopically there is no necrosis, 
only hepatocellular atrophy secondary to marked sinu- 
soidal congestion. Occasionally, thromboses are evident 
in the portal vein branches within the affected paren- 
chyma. 

As pointed out in the discussion of normal liver 
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cells in centers of lobules have disappeared and are replaced by 
fibrous tissue. 


structure, accidental or intentional interruption of the 
main hepatic artery does not always produce ischemic 
necrosis of the organ if the liver is otherwise normal 
and the point of arterial interruption is proximal to one 
of its major or large accessory branches. The retrograde 
arterial flow through these vessels, when coupled with 
the portal venous supply, may be sufficient to sustain 
the vitality of the liver parenchyma. 


HEPATIC VEIN THROMBOSIS (BUDD-CHIARI 
SYNDROME) 


Obstruction of the hepatic veins is a rare condition 
that may appear with catastrophic suddenness or insid- 
iously over the course of many months.* The acute 
pattern is usually caused by thrombosis of the main 
hepatic vein or its major tributaries or the proximal 
inferior vena cava. The disorders initiating such throm- 
bosis are: (1) intravascular invasion by primary or sec- 
ondary cancers (hepatocellular, renal cell, adrenal car- 
cinomas); (2) intrahepatic infections; (8) polycythemia 
vera with its thrombotic diathesis; (4) the myeloprolif- 
erative syndrome; (5) paroxysmal nocturnal hemoglobi- 
nuria;*! and (6) intravascular webs or membranes, pos- 
sibly related to closure of the ductus venosus 
(particularly common in Egyptian children). A number 
of cases of hepatic vein thrombosis have been related in 
the past to the use of oral contraceptives, but later 
analyses suggest that the association is merely coinci- 
dental.*® The chronic form of the Budd-Chiari syndrome 
is related to fibrous narrowing of the intrahepatic venous 
channels or the main hepatic vein, seemingly caused by 
an endophlebitis. Radiation and herbal (bush) tea have 
been implicated. Superimposed thromboses sometimes 
suddenly aggravate the problem. After all these mech- 
anisms have been excluded, about 25 to 30% of cases 
remain unexplained. 


Whatever the precipitating condition, the liver is swollen 
and red-purple and has a tense capsule. On transection the 
appearance is that of severe centrilobular congestion and 
necrosis. There may be complete destruction of central cells, 
and the extravasation of blood may be accompanied by a 
fibrinous coagulum. Emphasis has been placed on distention 
and rupture of the spaces of Disse by blood.* Thrombi may 
or may not be evident within the central veins of the lobules 
but, as pointed out, they are sometimes present in the major 
outflow channels or main hepatic vein. In the endophlebitic 
pattern, there is fibrous thickening of the venous walls 
encroaching on the lumens of the central veins. This venous 
involvement may be followed into the larger outflow veins 
and sometimes the major hepatic vein. Because of the 
chronicity of this process, fiber strands may radiate out from 
the central veins, or sometimes the fibrosis may completely 
replace the centrilobular zones. In this chronic phase of the 
disease, organized thrombi may be evident within the veins. 


The cardinal clinical manifestations of the Budd- 
Chiari syndrome are abdominal pain; enlarged, tender 
liver; and intractable ascites. These features may appear 
with sufficient rapidity to induce shock, may mimic 
other causes of an “acute abdomen,” and may be fol- 
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lowed by death within days. In the chronic pattern of 
the condition there is slow progression of abdominal 
distress, liver enlargement, ascites, and sometimes the 
development of superficial, dilated, collateral venous 
channels bypassing the hepatic obstruction. Portal hy- 
pertension (p. 916) develops in all forms of the condition 
and may eventually produce hematemesis from ruptured 
esophageal veins. Attempts at treatment, such as por- 
tacaval anastomosis and removal of webs or diaphragms 
when visualized by angiography, are largely unsatisfac- 
tory. Patients with the chronic syndrome usually die 
within months of the onset of symptoms from (1) hepatic 
failure, (2) inanition with secondary infections or elec- 
trolyte derangements, or (3) a gastrointestinal bleed.“ 


Liver 


PORTAL VEIN OBSTRUCTION AND 
THROMBOSIS 


Blockage of the portal vein is much better tolerated 
than obstruction of the hepatic vein. The occlusive 
process may arise within the extrahepatic course of the 
portal vein or within its intrahepatic distribution. Extra- 
hepatic causes include (1) cancers arising within abdom- 
inal organs, (2) peritoneal sepsis initiating pylephlebitis 
within the portal vein itself or its major radicles with 
propagation into ever larger channels, (3) pancreatitis 
that initiates thrombosis within the splenic vein followed 
by propagation into the portal vein, and (4) postsurgical 
thromboses following upper abdominal procedures. 
Rarely, agenesis or aplasia of the portal vein is found. 
The most common intrahepatic cause is cirrhosis of the 
liver followed, in terms of frequency, by intravascular 
invasion by primary or secondary cancer in the liver. 

Obstruction or thrombosis of the portal vein in- 
duces portal hypertension and related manifestations, 
notably splenomegaly. When it is unrelated to cirrhosis, 
there is little or no ascites. Unlike the situation in 
hepatic vein thrombosis, the liver is not enlarged or 
tender. When the condition is secondary to pylephle- 
bitis, the infection may produce multiple abscesses by 
spread into the liver. Portal vein occlusion can often be 
managed by a splenorenal shunt, and is compatible with 
long survival unless the course is complicated by fatal 
bleeding from a ruptured esophageal varix. 


INFECTIONS 


The liver is almost inevitably involved in all blood- 
borne infections, whether systemic or arising in the 
abdominal cavity. Virtually all have been considered 
elsewhere, but some of the more common implicated 
infections are miliary tuberculosis, malaria, staphylococ- 
cal bacteremia, infectious mononucleosis, the salmonel- 
loses, and amebiasis. Indeed, needle liver biopsy is 
often employed in occult infections for telltale evidence 
of the causative agent, particularly when miliary tuber- 
culosis is suspected. There are, in addition, several 
primary hepatic infections that require detailed consid- 
eration: the important and common viral hepatitis, and 
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the less common but distinctive cholangitis and liver 
abscess. 


VIRAL HEPATITIS 


Hepatitis may appear in the course of a number of 
systemic viral infections. A generally mild hepatic in- 
volvement is common during the acute phase of infec- 
tious mononucleosis caused by the Epstein-Barr virus. 
The cytomegalovirus may produce hepatitis that can be 
quite severe in the newborn or immunosuppressed 
adult. The yellow fever virus is a major and serious 
source of hepatitis in tropical countries. Infrequently 
and primarily in children, significant liver disease ap- 
pears in the course of rubella, adenovirus, and entero- 
virus infections. However, unless otherwise specified, 
the term “viral hepatitis” is generally reserved for 
infection of the liver caused by any one of a small group 
of hepatotropic viruses. Two of these agents—hepatitis 
A virus (HAV) and hepatitis B virus (HBV)—have been 
well delineated, but there is at least one agent, possibly 
several, known as non-A, non-B (NANBV), and yet 
another, recently identified as “delta agent,” about 
which little is yet known. Hepatitis A is also sometimes 
referred to as infectious hepatitis or short-incubation 
hepatitis, and hepatitis B is sometimes called serum 
hepatitis or long-incubation hepatitis. All the viruses 
produce basically similar clinical patterns of acute hep- 
atitis, which can be differentiated serologically. How- 
ever, several agents have differing potentials for the 
causation of the carrier state, chronic and fulminating 
disease. First, the causative agents, their immunologic 
markers, and the epidemiology will be characterized, 
followed by a discussion of our present understanding 
of the pathogenesis of the hepatic injury. Thereafter, 
the varied patterns of clinical disease will be de- 
scribed. “8 


Causative Agents, Immunologic Markers, and 
Epidemiology 


HEPATITIS A 


The HAV usually causes a benign, self-limited, 
transiently infective, acute hepatitis. The incubation 
period between exposure and the onset of acute symp- 
toms (if overt disease does develop) ranges from 15 to 
45 days (average 2 to 4 weeks). Only very rarely does 
this agent induce fulminating hepatitis, so that the 
overall mortality for hepatitis A infections is 0.1% or 
less. It does not produce chronic hepatitis, nor is it 
associated with a carrier state. Although HAV has not 
been isolated, it can be transmitted to marmoset mon- 
keys and chimpanzees and be serially propagated in a 
variety of subhuman primate cell lines.** The causative 
agent is an RNA virus closely resembling enterovirus 
that appears in the stools and hepatocytes of infected 
humans and monkeys as nonenveloped 27-nm icosahe- 
dral particles. Fecal infectivity is maximal during the 
prodrome and persists for up to one to two weeks into 


the illness. The viremia is transient, beginning during 
the prodrome and disappearing soon after the onset of 
symptoms.” When symptoms appear, usually accom- 
panied by jaundice, anti-HAV antibodies of the IgM 
class can be detected in the serum (radioimmunoassay 
is most sensitive) even while fecal HAV shedding is still 
occurring. The titer of IgM antibody rises rapidly during 
the acute illness but disappears within months. As the 
acute phase begins to subside and during convalescence, 
the titer of IgG antibodies rises and remains elevated 
for a lifetime, conferring immunity to the HAV. The 
time relationship of these various markers is dia- 
grammed in Figure 19-11.°! The clinical differentiation 
of hepatitis A from other forms of viral hepatitis depends 
generally on the identification of HAV-specific IgM 
antibody in the serum as a marker of recent acute 
infection, and of IgG as a marker of recovery and past 
disease. There is no cross immunity between hepatitis 
A and the other hepatotropic viral infections. 

The natural reservoir of HAV is humans. Transmis- 
sion of hepatitis A is generally by the fecal-oral route. 
The acute hepatitis accounts for about 45% of sporadic 
disease. Transmission is favored by poor personal hy- 
giene, close contact, and overcrowding. An increased 
incidence has been observed in homosexual males.” 
Spread within a family or within an institution, partic- 
ularly among children, accounts for occasional localized 
epidemics of hepatitis A. Outbreaks have also occurred 
from contaminated food, water, milk, and shellfish, 
particularly among populations having no previous ex- 
posure to HAV, such as children and adults from higher 
socioeconomic groups. Mollusks such as clams, mussels, 
and oysters from polluted waters have been shown to 
concentrate the virus. For lovers of oysters, however, 
it has been estimated that the chance of so acquiring 
the infection is about one in 10,000; therefore, no more 
than 9999 of these delicacies should be consumed at 
one sitting! Only rarely is the virus spread percuta- 
neously (including blood transfusion) because the vire- 
mia is so transient and there is no carrier state with 
hepatitis A. 

Although HAV is endemic globally, there is wide 
variation in its prevalence among populations as judged 
by serologic markers. For example, over 80% of blood 
donors in Taiwan, Israel, Yugoslavia, and Belgium have 
anti-HAV antibodies.™ In the United States the preva- 
lence of antibodies in the 1970s was about 45% among 
urban adults, almost 80% in Orientals, and less than 
10% among Jews. The great preponderance of these 
antibody-positive individuals had subclinical infections 
of which they were totally unaware.” 


HEPATITIS B 


In contrast to HAV, HBV may cause a variety of 
clinical syndromes ranging from a carrier state (with or 
without underlying hepatic disease) to acute hepatitis 
that infrequently is fulminant, and to chronic hepatic 
disease that may be self-limited (chronic persistent hep- 
atitis) or progressive and sometimes fatal (chronic active 
hepatitis). It is evident that infection with HBV may be 
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Figure 19-11. Sequence of serologic changes in acute hepatitis A. 


much more serious than that caused by HAV. During 
active infection the causative agent can be visualized in 
liver cells, but rarely in the blood, as a 42-nm enveloped 
particle having an inner icosahedral core 27 nm in 
diameter surrounded by an outer coat. These complete 
virions are sometimes called Dane particles in recogni- 
tion of the investigator who first described them.® The 
core is synthesized within the nuclei of hepatocytes and 
consists mainly of hepatitis B core antigen (HBcAg), 
double-stranded DNA, and DNA polymerase. An “e” 
antigen is also associated with the core. The protein- 
lipid envelope (coat) containing “surface antigen” 
(HBsAg) is synthesized in the liver cell cytoplasm.*” ® 
For unknown reasons, there is always excess production 
of coat material in the forms of spherules 22 nm in 
diameter or tubules of similar diameter and up to several 
hundred nanometers in length (Fig. 19-12). These par- 
ticles possess HBsAg but no HBcAg. Naked core parti- 
cles are rarely, if ever, found in the blood, but HBsAg 
particles abound during active viral replication, unique 
among viral infections. Indeed, it was the identification 
by Blumberg of this antigen in the blood of an Australian 
aborigine that paved the way for our present under- 
standing of viral hepatitis.°° Thus, HBsAg is sometimes 
called Australia antigen. The HBsAg particles in the 
blood are not infective since they lack the critical viral 
core, but they nonetheless constitute the diagnostic 
hallmark of hepatitis B infection. It has been shown 
that the antigen is so plentiful in the blood that it can 
be harvested to produce a vaccine.™ Antigenic subtypes 
of HBsAg have been identified, but these are principally 
of value as epidemiologic markers and have no other 
clinical impact. This antigen evokes specific antibodies 
that confer immunity to the HBV. The antigenemia may 
be present despite a low level of anti-HBs. Circulating 
immune complexes may be formed and are responsible 
for a variety of extrahepatic manifestations, as will be 
detailed. 

An “e’ antigen is also associated with the core 
particle. It is immunologically distinct from both HBcAg 
and HBsAg. In fact, three subtypes of “e” antigen have 
been characterized, but they need not concern us 


further. The nature of the “e” antigen and its precise 
localization within the core are still uncertain. It appears 
to have the immunologic and physicochemical proper- 
ties of an IgG-4 immunoglobulin.** HBeAg appears in 
the blood with acute infection but typically, only tran- 
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Figure 19-12. Electron micrograph of hepatitis B surface antigen 
in the form of spherules and tubules within hepatocytic cytoplasm 


(x 21500). (Courtesy of Drs. M. A. Gerber and S. N. Thung, Mount 
Sinai School of Medicine.) 
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siently, and only when HBsAg is also present. Its 
presence there is highly correlated with circulating 
Dane particles and with the serum levels of hepatitis 
B-specific DNA polymerase, and so “e” antigen in the 
blood implies infectivity. Whether persistently ele- 
vated titers of this antigen augur the likelihood of 
developing chronic hepatitis is still debated. When anti- 
HBe appears, infectivity no longer exists.© 

The incubation period of hepatitis B from exposure 
to onset of clinical symptoms ranges from one to six 
months (average 1.5 to two months). The rise and fall 
of the various serologic markers before and during the 
active disease is somewhat variable among individuals, 
but nonetheless follows a general pattern (Fig. 19-19). 
Certain markers signal recovery, provide warning of 
impending chronicity, and detect previous infection and 
immunity to the agent. They also identify the carrier 
state sometimes in individuals without a history of a 
previous apparent infection. The salient interpretations 
(best followed in the diagram) to be drawn from the 
serologic studies and applicable to 75 to 85% of cases 
are as follows: 

— HBsAg: the earliest marker of acute infection. 
Serum titer begins to rise several weeks to months 
before symptoms appear, perhaps as early as one week 
after exposure.“ In self-limited infection, it disappears 
several months later as biochemical indicators of liver 
damage, such as transaminases, return to normal levels. 
Titer may be low or undetectable in some cases. Per- 
sistence of HBsAg for over six months implies chronic 
disease.® 

— anti-HBs: not detectable in blood until several 
weeks to months following disappearance of HBsAg. 
Time lag between disappearance of antigen and appear- 
ance of antibody is referred to as the “window period. ” 
A rising titer of HBsAg following acute infection signals 
clinical recovery; it remains elevated for life and confers 
immunity. Not detectable in carriers. 

— anti-HBc: first detectable approximately one 
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month after appearance of HBsAg and at the time of 
onset of symptoms. An important serologic marker of 
hepatitis B during the “window period.” More sensitive 
indicator of infection than HBsAg. Titer remains ele- 
vated for months to, at most, a few years, and thus is 
marker of current or recent past infection, but does not 
confer lifelong immunity. Titer remains elevated in all 
chronic carriers and with chronic disease. 

— HBeAg: typically appears shortly after HBsAg, 
and thus is early indicator of acute active infection while 
most transmissible. Peaks during the acute disease and 
disappears before HBsAg and before onset of recovery. 
A marker of infectivity. Persistence of “e’ antigen 
indicates probable progression to chronic active liver 
disease. 

— anti-HBe: titer begins to rise as antigen disap- 
pears. Seroconversion from “e’ antigen to “e’ antibody 
signals resolution of acute infection and elimination of 
virus. A marker of recent acute disease during the 
“window period.” In the absence of chronicity, titer 
slowly falls over the next one to two years. Does not 
confer immunity. 

Individuals with any impairment of immunologic 
competence have increased vulnerability to infection by 
HBV, do not mount adequate antibody responses, tend 
to have higher titers of the antigens, and are prone to 
become carriers or develop chronic active disease. 

Only humans and, experimentally, the unwilling 
chimpanzee are vulnerable to HBV. The main sources 
of infection are not individuals with acute disease, but 
rather the carriers in the world, over 100 million in 
number. Transmission may occur through three 
routes—percutaneous, nonpercutaneous, and vertically 
(from mother to infant). Because of the viremia and 
carrier state, blood transfusions and infusions of blood 
derivatives are obvious modes of spread, but meticulous 
screening of donors for HBsAg has substantially reduced 
this risk. It is now appreciated that HBV is responsible 
for only about 10% of posttransfusion hepatitis; most are 
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Figure 19-13. Sequence of serologic changes in acute hepatitis B. 
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related to the non-A, non-B virus(es). Transmission may 
also occur: with hemodialysis, via transplantation, and 
through any break in the skin. Health care personnel 
(notably dentists), those employed in hemodialysis units, 
and handlers of infected primates are at particular risk. 
Not unexpectedly, serologic evidence of HBV is present 
in over 50% of drug addicts. In addition, nonpercuta- 
neous transmission is now recognized as a major mode 
of spread. HBsAg, and presumably HBcAg, has been 
identified in feces, urine, saliva, vaginal secretions, 
semen, colostrum, and every other bodily secretion and 
fluid. Thus, high attack rates occur in spouses and sexual 
partners of affected patients, in family members of 
chronic carriers, among male homosexuals, and among 
institutionalized children, particularly those with 
Down's syndrome.® In addition, HBV may be trans- 
mitted vertically from mother to infant during the 
perinatal period (by contact with blood and/or secretions 
during delivery, or in the immediate postnatal period). 
The risk is greatest when the mother has acute hepatitis 
during the last trimester of pregnancy.® Carrier mothers 
may also infect their infants, and the level of risk appears 
to be correlated with the serum titer of HBeAg. Con- 
versely, elevated levels of anti-HBe imply noninfectiv- 
ity. Vertical transmission probably accounts for the high 
prevalence of this infection in Asian and African popu- 
lations (up to 30 to 40%). In the United States the 
prevalence of detectable HBsAg in the serum (in the 
normal population) is in the range of 0.1 to 1.5%. 
However, as many as 15% of immunocompromised 
individuals and those with Down's syndrome may harbor 
this antigen. Parenthetically, it may be noted that 
persistence of HBV is suspected of causing hepatocel- 
lular carcinoma (discussed more fully on p. 935). 


Non-A, NOn-B HEPATITIS 


At least one, very likely two, and possibly more 
non-A, non-B viruses (NANBV) are capable of causing 
infections remarkably similar clinically to hepatitis B.© 
The NANBV may induce a carrier state, acute hepatitis 
indistinguishable from that caused by the other hepa- 
totropic viruses, chronic persistent or chronic active 
hepatitis, and sometimes fulminant disease.” Its clinical 
potential, therefore, parallels that of HBV. However, 
acute hepatitis caused by NANBV is more often followed 
by chronic hepatitis (about 30%) than is the case with 
HBV. NANBV is/are thought to be responsible for about 
90% of cases of posttransfusion hepatitis. The percuta- 
neous route probably also accounts for the development 
of infections in drug addicts, in transplant recipients, 
and within hemodialysis units. Nonpercutaneous spread 
is also highly likely because of transmission to family 
and occupational contacts as well as within institutions.” 

We are still at the threshold of characterizing the 
causative agents of NANB hepatitis.” Inferential evi- 
dence points strongly to at least two different agents. 
The incubation period following exposure ranges from 
14 to 180 days, with two distinct peaks suggesting two 
viruses. Repeated attacks of acute NANB hepatitis have 
been observed in drug addicts, suggesting immunolog- 
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ically distinctive agents. To date it has not been possible 
to isolate any agent, but the disease can be transmitted 
to chimpanzees by inoculation of blood from acute cases. 
No well-established serologic tests have so far been 
developed, but there have been several reports of 
identification of an antigen-antibody system in patients 
with NANB hepatitis.” In one, a single antigen-antibody 
system was present in all of 26 patients studied, a 
surprising finding relative to the evidence suggesting 
the existence of more than one virus.” Viral particles of 
such diversity have been observed in infected livers 
that their interpretation is uncertain. They have ranged 
from 22 to 100 nm in diameter, some cytoplasmic, 
others nuclear.” Best characterized is a 27-nm particle 
having some similarity to HAV.” However, it is by no 
means clear as yet whether any of the particles visualized 
are indeed the causative agents.” 
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DELTA HEPATITIS 


Very recently a unique RNA virus has been de- 
scribed distinct from all the others that can cause either 
acute or chronic hepatitis.”“* The agent appears to have 
a core of 8 antigen encapsulated by HBsAg necessary 
for its replication. Delta hepatitis therefore occurs in 
only three circumstances: (1) as an acute disease along 
with acute hepatitis B, (2) as an acute hepatitis in a 
chronic carrier (p. 904) of HBV, and (3) as a chronic 
hepatitis in a chronic carrier of HBV. As far as is now 
known, the delta agent is uncommon in the U.S. but 
prevalent about the Mediterranean, and is only trans- 
mitted parenterally (e.g., transfusions, drug addiction). 
Time, however, may change our present understanding. 

PATHOGENESIS. The mechanisms involved in the 
causation of liver injury by the various viruses are still 
uncertain. There is no documentation of direct cytotox- 
icity, but the short incubation period of hepatitis A 
raises this possibility. However, propagation of HAV in 
subhuman primate cell cultures is not associated with 
cell injury or death. In addition, the fact that asympto- 
matic carriers of HBV and NANBV having no evidence 
of liver damage may transmit the disease, and so harbor 
the virus, argues against cytotoxicity for these agents. 
The favored theory invokes immunologically mediated 
mechanisms of injury (described later), although the 
supportive evidence is fragmentary. It is not clear, 
however, whether humoral or cell-mediated responses, 
or both, participate. With HAV there is a temporal 
relationship between onset of the acute illness, associ- 
ated hepatocyte injury, and the appearance of anti-HAV 
of the IgM class and depressed levels of serum comple- 
ment. However, weak pointers to cell-mediated mech- 
anisms are a concomitant peripheral T-cell lymphocy- 
topenia and putative inhibitors of T lymphocytes in the 
serum at the time of acute liver injury. Conceivably, 
antibodies and immunocompetent cells both contribute 
to antibody-dependent cellular cytotoxicity. 

The immunopathogenesis of hepatitis B is equally 
murky.” Inferential evidence suggests that immune 
mechanisms both eradicate the virus and destroy virus- 
infected hepatocytes. Despite the presence of at least 
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three specific types of antibodies in hepatitis B infec- 
tions, the weight of evidence suggests that cell-mediated 
mechanisms play the major role, albeit one that is still 
poorly defined. It has been shown that patients with 
acute hepatitis or those who have recovered usually 
have circulating T cells that undergo blast transformation 
and elaborate migration inhibition factor on exposure to 
HBsAg.” In contrast, asymptomatic carriers rarely have 
such sensitized T cells. More directly, lymphocytes from 
patients with acute viral hepatitis B are cytotoxic to 
hepatocytes in culture. There is a concomitant periph- 
eral T-cell lymphocytopenia, as mentioned above, but 
this may be the spurious consequence of circulating 
factors that inhibit their in vitro recognition. Free 
antigen or immune complexes might block antigen 
recognition sites; also, a factor has been identified in 
the serum of patients with hepatitis B (as well as 
hepatitis A and NANB hepatitis) that inhibits the E- 
rosette function of normal T cells.*! Defective T-sup- 
pressor cell function also has been observed in those 
with chronic disease.* Conceivably, then, failure of 
immunoregulation or T-cell function plays some role in 
the hepatic injury and, as will be pointed out, may 
contribute to the development of chronic infections. 
Humoral mechanisms must also participate in hep- 
atitis B. The development of an antibody response 
during the prodrome and early phase while there is an 
antigen excess results in the formation of circulating 
immune complexes, and without doubt these underlie 
the development of the extrahepatic manifestations seen 
in a small fraction of patients with acute hepatitis B: 
namely, a serum sickness—like syndrome, urticaria, 
other rashes, polyarthritis, acute vasculitis resembling 
polyarteritis nodosa, cryoglobulinemia, and immune 
complex—mediated glomerulopathies.® Antibodies also 
clearly play some role in eradicating the virus. You may 
recall the disappearance of HBeAg from the circulation 
accompanied by loss of infectivity as the serologic titer 
of anti-HBe rises. A unifying theory has therefore been 
proposed: antibodies participate mainly in the clearance 
of virus from the blood and the coating of virally 
infected liver cells while cell-mediated mechanisms play 
a major role in the destruction of hepatocytes bearing 
viral or modified antigens, possibly by antibody-depend- 
ent cellular cytotoxicity. Although integral viral antigens 
may be the specific targets in hepatocytes, it has been 
suggested that a viral-modified hepatocyte membrane 
lipoprotein is the primary antigenic target.** Whatever 
the precise focus of attack, it could be theorized that in 
the typical acute infection with HBV a normal effective 
immune response soon brings the virus under control, 
but at the cost of moderate hepatocyte destruction. 
However, the virus is eradicated and complete recovery 
follows. With a less adequate immune response, perhaps 
related to abnormal suppressor T-cell activity, the virus 
persists, as does viral modification of hepatocytes, lead- 
ing to a low level of cell destruction for a long time, 
i.e., the development of chronic hepatitis. With a totally 
inadequate immune response, there is no liver cell 
destruction and persistence of the virus (the asympto- 
matic carrier). Conversely, with a hyperimmune re- 
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sponse, there is massive necrosis but prompt eradication 
of the virus (fulminant hepatitis); thus, not unexpect- 
edly, survivors rarely, if ever, become carriers. 
Whether genetic or acquired factors condition the level 
of the immune response is not known. Little has yet 
been learned about NANBV. 

CLINICAL SYNDROMES. As indicated, HAV causes 
only self-limited, acute hepatitis that very rarely is 
fulminant. In contrast, infection with HBV or NANBV 
may have a number of outcomes, which can be catego- 
rized as follows: 

Carrier State 

A. Without clinically apparent disease—asymp- 
tomatic 
B. With chronic hepatitis 
Acute Hepatitis 
A. Icteric 
B. Anicteric 
Chronic Hepatitis 
A. Chronic persistent hepatitis 
B. Chronic active hepatitis 
Fulminant Hepatitis 
A. With massive-to-submassive hepatic necrosis 
Each of these patterns is discussed separately. 


Carrier State 


There are individuals who harbor and transmit HBV 
or NANBV (rarely both) for years, possibly for a lifetime. 
Generally, when related to HBV they are discovered in 
routine screening of blood donors, but sometimes only 
as sources of infection already transmitted to someone 
else. With NANBV, carriers can be identified only as 
HBsAg-negative sources of viral infection, usually post- 
transfusion hepatitis. Whatever the agent, the carriers 
fall into one of two categories. Some provide no history 
of an acute attack of viral hepatitis and have neither 
clinical manifestations of infection nor elevated levels of 
transaminases to suggest liver disease. Such individuals 
are referred to as asymptomatic or “healthy” carriers. 
The second category has chronic liver disease, either 
chronic persistent or chronic active hepatitis, and so 
they are referred to as liver disease carriers. They may 
or may not have a history of overt antecedent acute 
hepatitis and may or may not be asymptomatic, but 
there is clear evidence of liver injury in the form of 
elevated transaminase levels as well as other possible 
stigmata of chronic disease, to be detailed later. Ob- 
viously, those with HBV disease have serologic markers. 

There are no data on the prevalence of carriers of 
NANBV. About 0.1% of North Americans carry HBV; a 
significantly higher prevalence is found elsewhere, par- 
ticularly in Africa and Asia.® The carrier state is most 
likely to develop in immunodeficient or immunosup- 
pressed individuals, those on hemodialysis or receiving 
multiple transfusions, drug addicts, and persons with 
Down's syndrome. 


In “healthy” carriers of hepatitis B, the liver biopsy 
reveals essentially normal morphology, except for occasional 
cells modified by their content of viral antigens. Most nu- 


merous are clusters of “ground-glass”’ hepatocytes hav- 
ing uniform, finely granular eosinophilic cytoplasm with 
H and E staining (Fig. 19-17, p. 907). The granules are 
better seen after staining with orcein or aldehyde fuchsin.® 
Often, there is a clear peripheral halo of cytoplasm enclosing 
this region of change. With the electron microscope, the 
granularity can be resolved as spherules and filaments, 
which can be shown to be HBsAg by immunofluorescent 
and immunoperoxidase techniques. With these immunologic 
methods, HBcAg can sometimes be found in nuclei, and 
rarely in cells having the “ground-glass” change. Nuclei 
bearing an abundance of HBcAg may take on a 
“‘sanded”’ appearance in H and E and orcein prepara- 
tions.®’ As pointed out before, the abundance of these viral 
antigens in “healthy” carriers having no liver damage sup- 
ports the belief that the virus is not cytotoxic and that the 
hepatocyte injury is immunologically mediated. 

Carriers having chronic liver disease in addition to the 
morphologic evidence of chronic infection, described later, 
also have “ground-glass” hepatocytes and “sanded nuclei” 
but only in widely scattered cells, rather than cell clusters. 
Immunodeficient or immunosuppressed patients with mild 
chronic hepatitis often have more numerous affected cells.® 
More details about chronic hepatitis follow, but it may be 
noted that there is an inverse relationship between the 
number of antigen-bearing hepatocytes and the severity of 
liver injury. 

Because of the lack of systems to identify NANBV in 
histologic preparations, nothing is known about the anatomic 
changes in carriers. Carriers are the main reservoir of HBV 
and, despite screening programs, continue to be an impor- 
tant source of posttransfusion hepatitis. The HBV carrier 
state, even in the absence of liver damage, predisposes to 
the development of hepatocellular carcinoma, raising spec- 
ulations about the oncogenicity of the virus. 


Acute Viral Hepatitis 


All the hepatotropic viruses cause essentially the 
same clinical and morphologic pattern of acute hepatitis, 
although that caused by HAV tends to be the mildest. 
The specific causative agent can be identified only’ by 
virologic or serologic tests. When no markers of HAV 
or HBV are present, it is assumed to be NANBV, 
although (as mentioned) an antigen-antibody system has 
been described that may be helpful in the future. All 
the viruses are widely endemic and most often cause 
sporadic disease. Most commonly implicated is HAV 
(approximately 45% of cases) followed by HBV. NANBV 
is responsible for only about 20 to 25% of sporadic 
disease. Posttransfusion hepatitis, on the other hand, is 
related to NANBV in 90% of cases, the remainder being 
almost entirely due to HBV. Only rarely is HAV in- 
volved. When an epidemic outbreak occurs it is highly 
likely to be due to HAV, but rarely (as mentioned) food 
and water contaminated by HBV has caused multiple 
concurrent, acute infections. Whatever the clinical set- 
ting, following exposure there is an incubation period 
that, as explained, is shortest in hepatitis A, longest in 
hepatitis B, and intermediate and quite variable in 
NANB hepatitis. The earliest symptoms of the prodrome 
are nonspecific and include malaise, fatigue, anorexia, 
nausea, vomiting, and sometimes arthralgias. These may 
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be accompanied by a low-grade fever, and so the 
presentation is readily mistaken for “flu” or an upper 
respiratory infection. The clinical manifestations tend to 
appear more abruptly and the fever tends to be higher 
with HAV than with HBV. Thus, HBV infection begins 
more insidiously, and occasionally a serum sickness—like 
syndrome ushers in the acute attack. Whatever the 
specific agent, during the prodrome the patient may 
express a distaste for coffee or cigarettes. The first clue 
to the nature of the infection may be the development 
of abdominal discomfort, calling attention to an en- 
larged, tender liver. By this time the serum transami- 
nases and LDH levels are elevated, pointing to paren- 
chymal injury. Serologic studies at this time would very 
likely disclose markers of the causative agent were it 
HBV or HAV, as already detailed. 

An icteric phase follows in most patients after days 
to a week or more of the relatively nonspecific prodrome. 
The jaundice, related to conjugated and unconjugated 
hyperbilirubinemia, slowly increases during the first 
two weeks to a maximal serum bilirubin level in the 
range of 5 to 20 mg/dl. Typically, the systemic consti- 
tutional symptoms abate as the jaundice appears, but 
even before this there may be darkening of the urine 
by bilirubin and lightening of the color of the stools 
because of functional obstruction. The liver enzymes 
are elevated and serologic markers are present. Also, 
the liver continues to be enlarged and tender. It is 
important to note at this juncture that, in some instances 
of acute hepatitis, jaundice never appears—anicteric 
hepatitis. On the other hand, particularly with HBV, 
the jaundice may be quite marked and associated with 
severe pruritus, reflecting retention of bile salts. An 
elevated alkaline phosphatase level frequently accom- 
panies these obstructive manifestations. This pattern of 
disease is sometimes called cholestatic or cholangiolitic 
viral hepatitis. 

After an icteric or anicteric febrile phase lasting 
two or more weeks (longest with HBV, shortest with 
HAV, and intermediate with NANBV), convalescence 
begins. The serum bilirubin and enzyme levels slowly 
return to normal, and the liver tenderness and enlarge- 
ment begin to slowly abate. At or about this time, a 
rising serum titer of IgG anti-HAV or anti-HBc is 
present in most patients. Complete recovery, particu- 
larly the return of all biochemical test results to normal, 
may require many months. If abnormalities persist for 
longer than six months without steadily progressive 
improvement, it is highly likely that one of the forms of 
chronic hepatitis has developed. Rarely, in less than 1% 
of cases of acute hepatitis, the infection is fulminant 
with massive necrosis of the liver and a high fatality 
rate. | 

A variety of extrahepatic complications may appear 
in the course of acute hepatitis B. The prodromal phase 
may be marked by apparent serum sickness, urticaria, 
and other sensitivity eruptions, sometimes accompanied 
by polyarthritis, all reflections of circulating immune 
complexes. With prolonged antigenemia, cryoglobuli- 
nemia, acute vasculitis resembling polyarteritis nodosa, 
or membranous or membranoproliferative glomerulo- 
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nephritis sometimes develop later in the course, also 
attributable to circulating immune complexes. 


The morphologic changes in typical acute hepatitis are 
qualitatively the same irrespective of the particular causative 
agent. Although distinctive, they can be mimicked by other 
viral infections and reactions to drugs. As seen by laparos- 
copy, the liver is slightly enlarged during the acute phase, 
and more or less green depending on the level of jaundice. 

Histologically, the major findings are: (1) diffuse liver 
cell injury with lobular disarray; (2) necrosis of random, 
isolated liver cells; (3) reactive changes in Kupffer cells 
and sinusoidal lining cells; (4) an inflammatory infiltrate 
in the portal tracts; and (5) evidence of hepatocyte 
regeneration during the recovery phase.*® The liver cell 
injury is manifested by swelling, sometimes with partial 
clearing of the cytoplasm secondary to hydropic distention 
of endoplasmic reticulum, producing what is called balloon- 
ing degeneration. Lobular disarray results from the cellular 
swelling, necrosis, and regeneration producing compression 
of the vascular sinusoids and loss of the normal, more or 
less radial, arrangement of hepatocytes (Fig. 19—14A). Two 
patterns of isolated liver cell necrosis appear. Rupture of the 
plasma membrane of ballooned cells may cause them liter- 
ally to disappear—drop-out necrosis. Often, there is a 
small cluster of lymphocytes, macrophages, and reactive 
Kupffer cells in the locus of the dead hepatocyte. Alterna- 
tively, single cells may undergo shrinkage and condensation 
with increased eosinophilia of the cytoplasm and eventual 
disappearance of the nuclei to produce rounded, refractile, 
acidophilic or Councilman bodies.® The acidophilic body 
may appear free in the sinusoidal space or space of Disse, 
but more often is engulfed by a Kupffer cell (Fig. 19-148). 
The Councilman body may be a forerunner of so-called 
“apoptosis” or piecemeal necrosis, seen in chronic active 
hepatitis (p. 908). A prominent feature of acute viral hepatitis 
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is the marked hypertrophy and probable hyperplasia of 
Kupffer cells and sinusoidal lining cells, both of which 
are often laden with lipofuscin pigment. The portal tracts are 
almost universally infiltrated with inflammatory cells, mainly 
lymphocytes admixed with macrophages and rare eosino- 
phils and neutrophils. Plasma cells are uncommon in the 
usual case of acute viral hepatitis. The inflammatory infiltrate 
does not spill out through the limiting plate in classic acute 
disease. Eventually, during the recovery phase, bi- and 
trinucleate liver cells and mitotic figures become apparent 
as evidence of regeneration. Mentioned last, because of its 
inconstancy and variability, is bile stasis. It may be entirely 
absent in anicteric hepatitis. Conversely, a typical cholestatic 
picture may appear (p. 890) and be quite marked in choles- 
tatic or cholangiolitic viral hepatitis, when it is often accom- 
panied by inflammatory changes in the bile ducts within the 
portal triads. Characteristically, ““ground-glass” hepatocytes 
bearing HBsAg or “sanded nuclei’ bearing HBcAg are not 
present or, at most, are very infrequent in acute hepatitis B. 

A number of changes suggest deviation from the 
usual benign, self-limited course of the disease. Necrosis 
of confluent areas of hepatocytes may merely reflect a 
severe attack of acute viral hepatitis, but may herald pro- 
gression to fulminant hepatitis. These foci may interconnect 
with adjacent areas of necrosis, referred to as bridging 
necrosis (p. 908). Often accompanying this alteration is 
“piecemeal necrosis” of hepatocytes, particularly at the 
limiting plate. Both bridging and piecemeal necrosis are 
characteristic of chronic active hepatitis and so are 
described in more detail later. They are distinctly uncommon 
in uncomplicated acute hepatitis and, when present, raise 
the red alert for progressive disease—chronic active hepa- 
titis leading to either hepatic failure or cirrhosis.°' Analo- 
gously, an increase in the number of liver cells bearing HBV 
antigens is a portent of threatened evolution into chronic 
liver disease. 
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risune 19-14. A, has viral hepatitis showing swelling of liver cells and lobular disarray. Arrow points 
to a developing acidophilic or Councilman body. B, Similar changes in hepatocytes with a well- 
developed Councilman body (arrow). (Courtesy of Dr. Hans Popper, The Mount Sinai Medical Center.) 


Most patients with acute hepatitis (and virtually all 
with HAV infections) recover completely with restora- 
tion of normal liver architecture over the span of 
months. Fulminant hepatitis is very uncommon, partic- 
ularly with HAV. Chronic hepatitis, as will become 
evident, is a greater threat in attacks caused by HBV or 
NANBV. With complete recovery from the acute attack, 
there is permanent immunity to the particular causative 
agent. 


Chronic Hepatitis 


Symptomatic or biochemical evidence of ongoing 
inflammatory hepatic disease for more than six months 
without steady improvement is generally interpreted as 
chronic hepatitis, although some experts accept a shorter 
time span. It follows about 5 to 10% of attacks of acute 
hepatitis B and in the range of 30 to 40% of acute 
infections by NANBV (more often with drug addiction 
than posttransfusion).* ** HAV does not cause chronic 
hepatitis. In about 60 to 75% of instances the chronicity 
represents chronic persistent hepatitis, which is gener- 
ally benign and self-limited. The remaining cases are of 
chronic active hepatitis with progressive liver damage, 
leading often to cirrhosis, hepatic failure, and death. 
Chronic active hepatitis may also have other than viral 
origins, discussed later. 

Differentiation of chronic persistent hepatitis from 
chronic active hepatitis is of great importance because 
of their very different prognoses. It may be simple when 
clinical and laboratory data indicate serious advancing 
hepatic destruction. On the other hand, there are many 
intermediate cases in. which even interpretation of the 
liver biopsy is difficult, particularly when the changes 
have been modified by treatment. The problem is 
compounded by the fact that a few cases of chronic 
persistent hepatitis may have episodes of apparent ac- 
tivation suggesting conversion to chronic active hepati- 
tis, or, conversely, quiescent chronic active hepatitis 
may be misinterpreted as chronic persistent hepatitis.© 
Nonetheless, the differentiation can be made reliably 
with liver biopsy in the great majority of instances, 
providing welcome reassurance to a large number of 
patients. 

There are no sure clinical criteria by which im- 
pending chronicity can be predicted during the acute 
phase of viral hepatitis. With HBV, markedly elevated 
titers of HBeAg or persisting titers for more than six to 
eight weeks after the acute phase have been associated 
with the development of chronic liver disease.® Persist- 
ence of circulating HBsAg/IgM complexes has also been 
reported to have significance.* None of these criteria 
has a high confidence level; the severity of the acute 
attack is of no value. In general, chronic active hepatitis 
is most likely to develop in the very young and very 
elderly, in males, in association with immunoincompe- 
tence or immunosuppression, in Down's syndrome, in 
patients on hemodialysis, and in recipients of multiple 
transfusions. 
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CHRONIC PERSISTENT HEPATITIS (CPH) 


This sequel to acute hepatitis caused by HBV or 
NANBV is a relapsing, remitting condition that is usually 
benign and eventually self-limited. It is not associated 
with progressive liver damage. In most instances, it can 
be viewed as delayed recovery from the acute episode, 
but it may take as long as several years to clear.® 
During this long recovery period, the individual may 
be symptom free and the only evidence of persistent 
abnormality is an elevated serum transaminase level— 
hence, the facetious designation “transaminitis.” How- 
ever, fatigue, malaise, and loss of appetite may wax and 
wane, sometimes with bouts of mild jaundice. HBsAg 
is found in the serum of 20 to 60% of these patients, 
and the remaining cases are assumed to be related to 
NANBV. 


The mild morphologic changes are not pathognomonic 
and can be summarized as chronic triaditis. An inflam- 
matory infiltrate of lymphocytes and macrophages, with 
possibly a rare neutrophil or eosinophil, is present in the 
portal tracts, indistinguishable from that seen in acute hep- 
atitis. Importantly, the infiltrate is limited to the portal 
tracts and does not spill out into the hepatic paren- 
chyma. The liver architecture is usually well preserved but 
sometimes reveals vestiges of the acute disease. With CPH 
related to the HBV, “ground-glass” hepatocytes (p. 905) are 
sometimes present but are not numerous.” Notably absent 
are significant hepatocyte necrosis or the important 
hallmarks of chronic active hepatitis (CAH), i.e., piece- 
meal necrosis of the liver cells at the limiting plate and 
bridging necrosis. The alterations of CPH are then quite 
nonspecific and can be mimicked by drug injury, systemic 
infections, and early primary biliary cirrhosis. 


In most cases, a ready diagnosis of CPH, as distinct 
from CAH, can be made on the basis of the hepatic 
changes described. Infrequently, however, the differ- 
ential morphologic diagnosis is much more difficult. 
Occasionally, during a relapse, swollen and ballooned 
hepatocytes, spotty necrosis, acidophilic bodies, and 
even piecemeal necrosis may appear, suggesting either 
reactivation of the acute disease or evolving CAH. 
Indeed, there have been rare reports of transition from 
CPH to CAH.’ Conversely, corticosteroid treatment 
of CAH has led to conversion of the liver biopsy to 
apparent CPH, but with cessation of the therapy the 
morphologic changes often revert.’ Thus, persistent 
hepatitis and active hepatitis in a sense represent the 
two ends of a spectrum of chronicity; there are cases 
that swing one way or the other, depending apparently 
on the immunologic responsiveness of the host. 


CHRONIC ACTIVE HEPATITIS (CAH) 


Chronic active hepatitis has been broadly defined 
as a chronic inflammatory and fibrosing hepatic lesion 
of varied etiology.’ It is a serious progressive disorder 
that often results in cirrhosis or liver failure and death. 
As indicated, it follows about 5 to 10% of attacks of 
acute hepatitis B and is an even more frequent sequel 
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to NANB hepatitis, but the exact frequency is uncertain. 
In one analysis, about 30 to 40% of patients with 
posttransfusion NANB hepatitis developed CAH.'® In 
addition to its viral origin, CAH may be observed in 
association with (1) drug toxicity or hypersensitivity, (2) 
chronic alcohol consumption, (3) Wilson’s disease, (4) 
alpha-l-antitrypsin deficiency, and (5) evidence sug- 
gesting “autoimmunity,” perhaps better called idi- 
opathic. The most common drugs implicated are oxy- 
phenisatin, methyldopa, isoniazid, and acetaminophen. 
It should be noted that hepatitis A has not been known 
to lead to CAH. 

It is not possible on histologic grounds to identify 
the specific etiology of CAH, except possibly with 
hepatitis B infection, in which “ground glass’ cells are 
often present. Reliance must be placed on historical, 
clinical, and serologic evidence. Only when all known 
causes have been excluded can the diagnosis of idi- 
opathic CAH be made. Often, in such circumstances, 
there are features that suggest autoimmunity. Typically, 
the patient is a perimenopausal female with some of the 
following: hypergammaglobulinemia, antinuclear anti- 
bodies, rheumatoid factor, a positive LE cell test, 
antimitochondrial or smooth muscle antibodies (more 
specifically antiactin antibodies), and defective suppres- 
sor T-cell function. Findings such as these gave rise to 
the designation of this condition as lupoid hepatitis, but 
there is now grave doubt about the validity of a truly 
autoimmune form of CAH since similar immunologic 
findings are sometimes present in patients having CAH 
related to specific etiologies. Better to admit ignorance 
than invent a “nondisease.’'!™ 
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The morphologic changes of CAH are superimposed 
on those of acute hepatitis, rendered distinctive by (1) 
@ more pronounced portal inflammatory reaction that 
spills out of the portal tracts; (2) piecemeal necrosis of 
hepatocytes, principally in the periportal region; (3) 
bridging necrosis; and (4) progressive periportal fibro- 
sis, leading possibly to cirrhosis.'® In contrast to classic 
acute hepatitis, in which the inflammatory reaction is limited 
to the portal tract, in CAH it floods out into the periportal 
parenchyma (Fig. 19-15). It is composed mainly of lympho- 
cytes but is heavily admixed with plasma cells (distinctly 
uncommon in acute hepatitis) and macrophages, with a 
scattering of neutrophils and eosinophils. Sometimes, lymph- 
oid aggregates, with or without germinal centers, are present 
in this infiltrate. Piecemeal necrosis describes a liver cell 
undergoing condensation and fragmentation followed by 
engulfment of the fragments by Kupffer cells and possibly 
adjacent hepatocytes in which the fragments undergo dis- 
solution. It is proposed that sensitized T cells or K cells on 
contact with the hepatocyte are responsible for this peculiar 
pattern of cell destruction, referred to as “apoptosis.”'® In 
this manner, the periportal hepatocytes are destroyed, giving 
a moth-eaten appearance to the limiting plate. Bridging 
necrosis is the consequence of destruction of confluent foci 
of liver cells in adjacent lobules with lysis of the necrotic 
cells. At first, only a collapsed empty reticulin network and 
dilated sinusoids remain. This pattern of confluent necrosis 
occurs most frequently in the central and midzonal regions 
of the lobule (zones 3 and 2 of the acinus), and by linking 
up to adjacent areas of necrosis may produce central-central 
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Figure 19-15. Periportal inflammatory infiltrate in developing chronic 
active hepatitis, spilling out into hepatic parenchyma. (Courtesy of 
Dr. Hans Popper, The Mount Sinai Medical Center.) 


bridging or central-portal bridging, or (rarely) may intercon- 
nect portal areas (Fig. 19-16).'°”’ Scarring eventually ap- 
pears; fibrous strands replace the condensed bands of 
reticulin, and in this manner a cirrhosis develops. When 


dl “seiied » % a? 
1 “* gee po” 
. a & 2 4 % 


: d } ~*~ 
4. 


Figure 19—16. Chronic active hepatitis with bridging necrosis. (Cour- 
tesy of Dr. Hans Popper, The Mount Sinai Medical Center.) 


related to HBV, “ground-glass” cells and “sanded nuclei” 
are present; their number is inversely related to the aggres- 
siveness of the disease (Fig. 19-17). Additional changes 
may be present but are not requisite for the diagnosis of 
CAH. These include cholestasis, evidence of: regeneration 
of liver cells, and hypertrophy and hyperplasia of Kupffer 
cells, which are often lipofuscin-laden. Sometimes, along 
with the cholestasis, prominent inflammatory changes ap- 
pear in the interlobular bile ducts with reactive changes in 
the lining epithelium. This pattern may be referred to as 
cholangiolitic CAH.'® 


The clinical diagnosis of CAH is heavily dependent 
on the liver biopsy and the specific morphologic changes 
described. Clinical manifestations such as fatigue, ma- 
laise, anorexia, and low-grade fever are often not dis- 
tinctive. However, there is almost always biochemical 
evidence of parenchymal disease, e.g., elevated serum 
LDH and transaminases, and sometimes also alkaline 
phosphatase. Jaundice may be absent, but when present 
is often mild, persistent, or remitting and relapsing. A 
history of an antecedent attack of acute hepatitis is 
obtained in only 30 to 50% of cases. When related to 
HBV, vasculitis, glomerulonephritis or arthritis may 
appear, mediated (as described) by circulating immune 
complexes. Sometimes, CAH only comes to attention 
when cirrhosis has already developed, by the appear- 
ance of ascites, bleeding esophageal varices, and liver 
failure. 


Figure 19-17. Ground-glass hepatocytes (arrows) in HBV infection 
(H and E). (Courtesy of Dr. Hans Popper, The Mount Sinai Medical 
Center.) 


909 


Liver 


The course and prognosis of this condition is ex- 
tremely variable and heavily dependent on the etiology 
and response to therapy. Overall, it tends to pursue a 
slow, progressive course over a 10- to 20-year period 
before cirrhosis or hepatic failure terminates it. On the 
other hand, some patients (spontaneously or with ther- 
apy) do much better, and others much worse. A sub- 
stantial percentage of patients with apparent NANB 
posttransfusion CAH have improved spontaneously after 
a year or more. With idiopathic disease having promi- 
nent “autoimmune features, corticosteroids have im- 
proved the defect in suppressor cell function and have 
arrested the condition.’ The outlook is most uncertain 
for those with hepatitis B—related disease. When bridg- 
ing necrosis is present in the liver biopsy, the five-year 
mortality rate reaches 50%. Whether therapy improves 
this outlook is still unclear. It should be noted that 
individuals with HBV-related CAH are at increased risk 
of hepatocellular carcinoma (p. 935). 


SUBMASSIVE-TO-MASSIVE NECROSIS 
(FULMINANT HEPATITIS) 


Submassive-to-massive necrosis of the liver, causing 
precipitous hepatic failure, is fortunately uncommon. In 
about 25% of cases it can be related to fulminant viral 
hepatitis (HBV or NANBV). Only rarely (in less than 
1% of cases) is it related to HAV. The most common 
causes of submassive-to-massive necrosis, accounting for 
about 40% of cases, are hepatotoxic drugs (detailed 
later). The remaining cases are either idiopathic or 
related to exposure to various other hepatotoxins. 

This hepatic catastrophe may be precipitated by 
exposure to carbon tetrachloride, trichloroethylene, yel- 
low phosphorus, and mushroom poisoning (discussed on 
p. 452). The extent of liver destruction is extremely 
variable with all the etiologies. In the case of viral 
infections it appears to depend on the level of the 
immune response. Ironically, the stronger the immu- 
nologic reaction, the greater is the destruction. With 
drugs and other hepatotoxins the major determinants 
are intensity and duration of exposure. The previous 
condition of the liver and the patient’s age are also 
important. Otherwise healthy young adults do better 
than the aged in whom an element of cardiac decom- 
pensation may superimpose hypoxic injury. Depending 
on these variables, the mortality rate ranges from 25 to 
90%. In the usual case, soon after the onset of the 
necrotizing process hepatic function rapidly deteriorates 
with deepening jaundice, sometimes complicated by 
metabolic encephalopathy or renal failure (hepatorenal 
syndrome). Most ominous is rapid decrease in liver size. 
When related to viral infection, these manifestations 
may appear within days of onset of apparent acute 
hepatitis, but sometimes only weeks later. Even with 
massive necrosis, most patients survive for days to 
weeks. By clinical definition, when death occurs within 
eight weeks of onset of the acute event it is termed 
“fulminant hepatic failure. !!° 
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All the causative agents produce essentially identical 
morphologic changes that vary with the severity of the 
necrotizing process (Submassive to massive) and duration 
of survival. With all, the pattern of distribution of liver destruc- 
tion is extremely capricious. The entire liver may be involved 
or sometimes, for completely obscure reasons, only random 
asymmetric areas. Thus, the left lobe may be wiped out, 
curiously sparing the right lobe, or patchy large areas dis- 
persed haphazardly throughout the liver may be affected. 
Basically, during the early phase there is progressive loss 
of liver substance. With massive involvement of the entire 
liver, it shrinks in size over the course of days to as little as 
500 to 700 gm and is transformed into a red, limp organ 
covered by a wrinkled, too large capsule (Fig. 19-18). 
Blotchy green bile staining may be present. With patchy or 
asymmetric involvement, affected areas have a similar ap- 
pearance and are depressed below the level of the spared 
parenchyma. These necrotic areas are often rimmed by 
yellow-green discoloration from the progressive accumula- 
tion of fat and bile pigment. On transection, necrotic areas 
have a muddy-red mushy appearance with patchy bile 
staining. 

Histologically, the necrosis may wipe out entire lobules 
or be less extreme, with destruction of the central and 
midzonal regions sparing the periphery of the lobule. Pre- 
sumably, the affected zones are most hypoxic and therefore 
most vulnerable to further insult. Occasionally, as with phos- 
phorus intoxication, the peripheral zone is principally affected 
(zone 1 of the acinus), exposed most directly to the blood- 
borne toxin. Most often, there is complete destruction of 
innumerable contiguous lobules with liquefaction of 
hepatocytes, leaving only collapsed reticulin framework 
and preserved portal tracts (Fig. 19-19). Sometimes, for 
completely unknown reasons, islands of parenchyma are 
preserved despite massive necrosis of the surrounding liver 
substance. There may be surprisingly little inflammatory 
infiltrate with massive destruction, save possibly for an 
increase in lymphocytes, macrophages and occasional neu- 


trophils within the portal tracts. A scanty inflammatory infil- 
trate is much more characteristic in the margins of patchy 
areas of necrosis. With loss of the hepatic parenchyma and 
shrinkage of the liver, the reticulin framework becomes more 
condensed and the portal tracts appear to converge. 

A number of secondary changes appear when the 
patient survives for more than a week. Regenerative activity 
can be seen in surviving hepatocytes, sometimes producing 
disorganized nodules of parenchyma. With submassive 
zonal necrosis, the regeneration can be orderly and, in time, 
may restore the native architecture. Proliferating narrow 
cords of epithelial cells derived from the ducts of Hering 
(cholangioles) may appear in the periportal region. The 
Kupffer cells that survive the necrotizing process also 
undergo hypertrophy and hyperplasia, and in the course of 
time become laden with lipofuscin and cellular debris. With 
massive necrosis there very often is little or no scarring; 
either the patient succumbs or is kept alive by virtue of 
regeneration of surviving hepatocytes. Scarring is much 
more likely in those with a protracted course of submassive 
or patchy necrosis. When the massive necrosis is superim- 
posed upon chronic active viral hepatitis, large tracts of 
fibrous tissue containing trapped portal triads replace the 
destroyed parenchyma. To anticipate a later discussion, 
massive necrosis is then an infrequent antecedent to post- 
necrotic cirrhosis. 


The only happy aspect of this very grave clinical 
condition is that survivors of massive necrosis related to 
viral infections almost never become carriers and have 
lifelong immunity to recurrent infection. 


PERICHOLANGITIS AND CHOLANGITIS 


An increase in inflammatory cells within the portal 
tracts (principally about the bile ducts), when unaccom- 


Figure 19-18. Massive necrosis. Liver is small (700 gm), pale, and soft in consistency. Capsule is 


wrinkled. 
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Figure 19-19. Massive necrosis. In lower portion of field, complete necrosis is apparent, with removal 


of all liver cells in many adjacent liver lobules. 


panied by evidence of intraductal inflammatory or pa- 
renchymal injury, is referred to as pericholangitis. It 
consists solely of a portal triaditis marked principally by 
lymphocytes and macrophages with occasional plasma 
cells, neutrophils, and eosinophils. This is an extremely 
common anatomic finding and is usually of little or no 
clinical significance. Infrequently it is associated with 
fever, mild pruritus, mild jaundice, and modest eleva- 
tions of alkaline phosphatase. 

The genesis of pericholangitis is obscure. Its strong- 
est clinical association is with inflammatory bowel dis- 
ease.!!! It is also encountered in association with blood- 
borne infection, abdominal sepsis, and pancreatitis. In 
these settings it is natural to assume that drainage of 
bacteria, bacterial products, or other toxic substances 
through the portal system or peribiliary lymphatics 
underlies the inflammatory changes. The fact that in 
symptomatic patients antibiotic therapy is usually with- 
out benefit argues against direct bacterial infection. The 
anatomic changes have also been attributed to retention 
of bile acids, but without substantial evidence. The 
principal importance of this condition lies in an aware- 
ness of it as a possible explanation for mild jaundice and 
elevated alkaline phosphatase levels in patients with 
inflammatory bowel disease or significant extrahepatic 
infections. 

Cholangitis implies intraductal inflammation of the 
extrahepatic or intrahepatic ducts, or more often both. 
It is marked anatomically by suppuration within the 
ducts, usually accompanied by bile stasis (Fig. 19-20). 
Almost always, it is related to some obstructive lesion 
within the major extrahepatic ducts, usually a gallstone 
impacted in the common bile duct. Infrequently, cho- 
langitis complicates carcinomas arising in the extrahe- 


patic bile ducts, papilla of Vater, or head of the pancreas; 
acute pancreatitis; and previous surgical procedures on 
the bile ducts. With these origins, infection by enteric 
organisms and, less frequently, staphylococci and strep- 


Figure 19-20. Acute cholangitis with neutrophils within a bile duct 
and in a focus on lower left outside of duct. 
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tococcal species are the usual causative agents. Almost 
always the infection begins in the common bile duct or 
hepatic ducts and progressively ascends into the intra- 
hepatic ramifications (ascending cholangitis). The pa- 
tient typically has high fever, chills, jaundice, and often 
a marked peripheral neutrophilia. Surgical drainage of 
the duct system is often necessary for relief of symptoms, 
control of infection, and prevention of subsequent liver 
abscesses. 
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LIVER ABSCESS 


In developed countries, with rare exceptions, liver 
abscesses are the result of seeding of the hepatic pa- 
renchyma by pyogenic organisms (pyogenic liver ab- 
scess). In less-developed locales, where parasitic infec- 
tions are still very common, amebic, echinococcal, and 
(less commonly) other helminthic or protozoal infections 
are responsible for a larger percentage. These parasitic 
infections have already been discussed in Chapter 8. 
Further comments are limited to pyogenic abscesses. 
Virtually every known pyogen has, at one time or 
another, been involved. More often than not, there is 
a mixed flora.'!2 The four most frequent offenders in 
published series are E. coli, Klebsiella, streptococcal 
species (S. faecalis, S. viridans, anaerobic, microaero- 
philic), and staphylococcal species, followed by bacte- 
roides, Proteus species, Pseudomonas species, and 
fungi.''* The flora of pyogenic liver abscesses appears to 
be changing, and at present anaerobes and microaero- 
philic organisms, particularly bacteroides, and fungi 
(notably Candida) are increasingly often implicated.!" 
Among the many other possible offenders, mention 
should be made of the actinomyces because of their 
resistance to antibiotic control, dictating the need for 
surgical drainage when possible. Not infrequently, no 
causative agent can be identified, most often because of 
previous antibiotic therapy, but sometimes because the 
infection “burns out” or the organism (e.g., an anaerobe 
or fungus) is difficult to isolate. 

The causative agent(s) may reach the liver through 
a number of pathways. The most common is ascending 
cholangitis with spread of the infection to the extraductal 
parenchyma. As indicated, obstruction or stasis within 
the extrahepatic ducts usually underlies this sequence 
of events. Next most common is blood-borne seeding of 
the liver, frequently secondary to acute bacterial endo- 
carditis, but other extrahepatic sites of infection may be 
involved. In the days before effective antibiotics, intra- 
abdominal sepsis and pylephlebitis were important an- 
tecedents to liver abscesses, but currently they are less 
often implicated. The uncommon origins of pyogenic 
abscesses are direct penetration from a nearby infection 
(empyema of the gallbladder or subdiaphragmatic, sub- 
hepatic, and perinephric abscesses); trauma resulting 
from blunt or penetrating injuries with secondary infec- 
tion; and preexisting lesions that predispose to bacterial 
seeding (partially necrotic cancers, echinococcal cysts, 
or developmental or neoplastic cysts and amebic ab- 
scesses). 


Little need be said about the morphology of liver ab- 
scesses since they do not differ from those in other locations. 
It is necessary only to point out that in about half of the 
cases there is a solitary abscess, and in the other half there 
are multiple abscesses, frequently small and scattered 
through the liver. Sometimes with ascending cholangitis only 
one of the hepatic lobes is affected, and perhaps, because 
of its greater mass, the right more often than the left. 
Bacteremic spread, pylephlebitis, and biliary tract disease 
tend to produce multiple small abscesses, whereas trauma 
and direct penetration often cause solitary, or at most few, 
lesions that sometimes are very large (over 5 cm in diame- 
ter). 


Liver abscesses are serious clinical problems and, 
in addition to producing symptoms and signs of systemic 
infection and sometimes jaundice, directly lead to death 
in about 40% of cases.!!* Contributing to the mortality 
is the nature of the underlying disease; the age of the 
patient (over 40); concomitant infection elsewhere; and 
impaired immunity (from immunosuppressive therapy 
following transplantation or antineoplastic drugs for leu- 
kemia or cancer). However, liver abscesses may occur 
at any age and against widely varying backgrounds. 
They may be amenable to antibiotic control, but in their 
lush havens the organisms are often difficult to eradicate, 
and resort must be made to drainage when the lesions 
are sufficiently large and not too numerous.'!? Among 
the many possible diagnostic approaches, ultrasonogra- 
phy, angiography, and CT scan have proved remarkably 
effective in the localization of lesions sometimes smaller 
than 2 cm in diameter. 


DRUG-RELATED INJURY 


Adverse drug reactions, as noted on page 443, have 
wide-ranging consequences, one of which is liver injury. 
Drug reactions are said to be responsible for about 2% 
of all cases of jaundice in general hospital populations!” 
and for many more in hospitalized geriatric populations. 
Moreover, they grow ever more frequent; in one study 
in Japan, ten times as many cases of drug-related hepatic 
injury were reported in the years 1964 to 1973 as in the 
previous decade—perhaps the price that must be paid 
for medical progress.!!7 No attempt will be made to 
provide a definitive compilation of implicated drugs. 
Instead, there follows an overview of the mechanisms 
of drug-related injury, the resultant morphologic pat- 
terns of hepatic reaction, and the most common agents 
implicated in their causation. Far more complete cov- 
erage is readily available.'!*'!° 

PATHOGENESIS. The hepatotoxicity of therapeutic 
agents is rarely the direct effect of the drug itself on the 
liver cell. Two independent but perhaps at times co- 
operative mechanisms are involved: (1) biotransforma- 
tion of the drug takes place in the liver with the 
formation of toxic metabolites; or (2) the drug or, more 
likely, one of its metabolites serves as a hapten to convert 
an intracellular protein into an immunogenic molecule. 
The former pathway is said to be “direct” hepatotoxicity, 
and so the latter constitutes “indirect” hepatotoxicity. 


The hepatotoxicity of certain therapeutic agents can be 
clearly related to one or the other of these pathways, 
but often the issue is unclear.!*! For example, there is 
substantial documentation that the toxic effects of acet- 
aminophen and isoniazid on the liver are exerted di- 
rectly by biochemical metabolites of the drugs. On the 
other hand, controversy still persists as to whether many 
agents, such as halothane, are direct hepatotoxins or 
whether they mediate their effects through a hypersen- 
sitivity reaction. It is not necessary to delve deeply into 
the details of the metabolic biochemical transformation, 
except to point out that most drugs are metabolized in 
the liver by the mixed-function oxidase system. The 
emergence of toxic metabolites involves the formation 
of potent alkylating or acylating agents that bind cova- 
lently to hepatocyte macromolecules critical to the via- 
bility of the cell. You may recall that this same enzyme 
system is involved in the metabolism of a variety of 
other substances such as alcohol, phenobarbital, carbon 
tetrachloride, and carcinogenic hydrocarbons. Thus, 
prolonged exposure to, say, alcohol or phenobarbital 
leads to an adaptive increase in the functional capacity 
of the enzyme system referred to as induction, enhanc- 
ing possibly the formation of hepatotoxic metabolites. 
However, there may be competition for enzyme-binding 
sites in liver cells, and the competitive inhibition may 
slow the rate of metabolic biotransformation. Which of 
these two processes predominates is a function of level 
of drug and level of enzyme induction. Still another 
factor is important in “direct” hepatotoxicity. There is 
usually an abundant supply within the liver cell of 
substances such as glutathione capable of preferentially 
conjugating drug metabolites to render them nontoxic, 
water soluble, and excretable in the urine. Prolonged 
exposure to large doses of a drug-derived hepatotoxin 
or preexisting diffuse liver disease may deplete the 
glutathione supply and so enhance the injury-producing 
potential of an agent. Recognition of this detoxification 
mechanism has made possible the use of certain pre- 
cursors of glutathione as an antidote, particularly for 
acetaminophen.!” The amount of damage produced by 
direct hepatotoxic agents is thus influenced by many 
variables, but perhaps most important is intensity of 
exposure. Direct-acting therapeutic agents, also re- 
ferred to as “predictable hepatotoxins,” are character- 
ized by (1) dose dependency, (2) the causation of injury 
in more than 1% of recipients, (3) a relatively short 
interval between drug ingestion and the adverse reac- 
tion, and (4) the induction of similar hepatic changes in 
laboratory animals. 

The other possible mechanism of hepatic injury is 
the induction of an allergic or hypersensitivity reaction. 
Drugs in general are small molecules and are therefore 
likely to be antigenic only as haptens covalently bound 
to carrier-macromolecules. For the most part, the hap- 
tens are the electrophilic reactive metabolites capable 
of binding cellular macromolecules. Individual hyper- 
sensitivity plays a large role in this form of hepatotoxic- 
ity.!*° Characteristic of so-called “unpredictable hepa- 
totoxins” are (1) lack of dose dependency of the liver 
injury; (2) a delay between exposure and the hepatic 
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reaction; (3) a low percentage (less than 1%) of recipi- 
ents being affected; (4) frequency of other allergic 
manifestations, e.g., fever, skin rash, and eosinophilia; 
and (5) heightened reactivity with rechallenge by the 
agent. However, there are many instances of unpre- 
dictable adverse reactions that do not fulfill all these 
criteria, and unpredictability does not necessarily prove 
hypersensitivity; thus, the concept of individual idiosyn- 
crasy has been invoked. For example, the anesthetic 
halothane is a well-recognized hepatotoxin that some- 
times causes massive liver necrosis.'** The cited fre- 
quencies of such adverse reactions have ranged from 
one in 6000 to one in 110,000 exposures. In most 
instances the hepatotoxicity appeared after some delay 
on second or third exposure of the patient to the 
anesthetic, making it natural to assume sensitization. 
Lymphocytes derived from these patients have elabo- 
rated migration inhibition factor on exposure to liver 
homogenates that have been obtained from rabbits 
pretreated with halothane.’ One brave anesthetist, 
who suspected personal sensitivity to the agent, inten- 
tionally reexposed himself to a very small amount of 
halothane and developed recurrent, but fortunately 
nonfatal, hepatic injury.'”° Despite all this documenta- 
tion of presumed hypersensitivity, liver damage has 
occurred in patients within a few days of first exposure; 
thus, the monumental controversy continues—allergy 
or individual idiosyncrasy.'*’ Unfortunately, not enough 
is known about most agents to determine the means by 
which they induce liver injury, but some clearly fall 
into the category of direct predictable hepatoxins, as 
will be seen. 

Adverse drug reactions cause an astonishing range 
of hepatic lesions. They are cited in Table 19-3 together 
with the major implicated agents.'*° Certain agents are 
involved in a variety of morphologic reactions: halo- 
thane, isoniazid, and acetaminophen, for example, may 
cause spotty centrilobular or submassive-to-massive ne- 
crosis, depending on dosage and host vulnerability. 
Analogously, alpha-methyldopa may be responsible for 
acute-to-chronic hepatitis or sometimes massive necro- 
sis. Even with the major offenders that would be 
characterized as predictable hepatotoxins—acetamino- 
phen, isoniazid, methotrexate, methyldopa, and chlor- 
promazine—individual susceptibility is still involved. 
Thus, the dosage level required to induce an adverse 
hepatic reaction is extremely variable and cannot be 
foreseen. The term “predictable,” then, serves only as 
a warning. The ingestion of about 10 gm of acetamino- 
phen, for example, will quite reliably induce hepatic 
necrosis. 

Only a few comments are necessary on the mor- 
phology of liver reactions since they replicate quite 
faithfully lesions of other origins. Uncomplicated “pure” 
cholestasis is produced by methyltestosterone, oral con- 
traceptives, and estrogens; it is unaccompanied by hep- 
atocyte injury or inflammatory changes. A variety of 
hepatotoxins may cause centrilobular necrosis (Fig. 19- 
21). The fatty changes induced by tetracycline are 
virtually identical to those seen in pregnancy and Reye's 
syndrome. The fat accumulates in cytoplasmic micro- 


Liver 


914 


THE LIVER AND BILIARY TRACT 


Table 19-3. DRUG-INDUCED HEPATIC DISEASE 


Pattern of Reaction 
“Pure” Cholestasis 


Cholestasis with Hepatocyte Injury 


Fatty Change (Steatosis) 


Zonal (Centrilobular) Necrosis 


Submassive-to-Massive Necrosis 


Acute Hepatitis 


Chronic Persistent Hepatitis 


Chronic Active Hepatitis 
Cirrhosis 


Budd-Chiari Syndrome 


Peliosis Hepatis 
Granulomas 


Adenoma of Liver 
Focal Nodular Hyperplasia 
Hepatocellular carcinoma 


Drug Implicated 


C-17 alkylated steroids (anabolic, contraceptive) 
Estrogens 


Chlorpromazine 
Erythromycin 

Some oral antidiabetics 
Some antithyroid drugs 
6-Mercaptopurine 

? Azathioprine 
Para-aminosalicylic acid 
Sulfonamides 


Tetracycline 
Methotrexate (usually with hepatocyte necrosis) 


Halothane 
Acetaminophen 
Salicylates 
Phenacetin 
Isoniazid 


Halothane 
Isoniazid 
a-Methyldopa 
Acetaminophen 
Iproniazid 


Halothane 
Isoniazid 
Iproniazid 
Phenytoin 
Salicylates 


a-Methyldopa 
Oxyphenisatin 
Isoniazid 
Salicylates 


a-Methyldopa 


Drugs causing acute or chronic active hepatitis 
Methotrexate 


? Oral contraceptives 
Pyrrolizidine alkaloids (bush tea) 
Urethane 


C-17 Alkylated steroids (anabolic, contraceptive) 


Phenylbutazone 
Sulfonamides 
a-Methyldopa 


C-17 Alkylated steroids (anabolic, contraceptive) 
Oral contraceptives 
C-17 Alkylated steroids (anabolic, contraceptive) 


Figure 19-21. Central necrosis. Liver cells adjacent to central vein 
are necrotic and surrounded by polymorphonuclear infiltrate. 


vacuoles throughout the hepatocyte, often without dis- 
placement of the nucleus (see Fig. 19—42).'9° Hepatocyte 
necrosis is rarely evident, but the rapid deterioration of 
liver function and poor prognosis underline the gravity 
of tetracycline toxicity. Adverse drug reactions recapit- 
ulate the entire spectrum of liver disease associated with 
viral hepatitis. Chlorpromazine may produce “pure” 
cholestasis (alone), but more often there is portal inflam- 
mation and spotty hepatocyte necrosis. Indeed, in some 
instances the changes are indistinguishable from those 
of acute viral hepatitis. Peliosis hepatis is an uncommon 
and distinctive lesion characterized by blood-filled 
spaces scattered randomly through the hepatic sub- 
stance. The individual lesions range from 1 mm to 4 cm 
in diameter, and are lined by hepatocytes and occasion- 
ally spindled fibroblastic or endothelial cells. These 
strange abnormalities sometimes develop following 
chronic exposure to C-17 alkylated steroids, both ana- 
bolic and contraceptive. !*° Their genesis is unknown but 
it may involve aneurysmal sinusoidal dilatation. Al- 
though usually incidental, the blood-filled spaces have 
been known to rupture when superficial and cause 
massive, even fatal, hemoperitoneum.’”° As indicated in 
Table 19-3, focal nodular regeneration and benign and 
malignant tumors of the liver have also been associated 
with the use of therapeutic agents, although the evi- 
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dence relating to tumors is somewhat controversial. It 
is clear that the possibility of an adverse drug reaction 
must be kept in mind with a variety of hepatic disorders 
lest the opportunity be missed to effect a cure by simple 
withdrawal of a drug. 


CIRRHOSIS 


Every physician knows what is meant by the term 
“cirrhosis,” but there is no universally accepted defini- 
tion. However, there is agreement that cirrhosis is a 
generic term for a hepatic disease of varied etiology 
(e.g., alcohol abuse, iron overload, drugs, chronic active 
hepatitis) having the following characteristics:'*! 

1. The architecture of the total liver is disorganized 
by interconnecting fibrous scars formed in response to 
hepatocytic injury and loss. 

2. The fibrosis may take the form of delicate bands 
(portal-central, portal-portal, or both) but may constitute 
broad scars replacing multiple adjacent lobules. 

3. Parenchymal nodules are created by the regen- 
erative activity and network of scars. The nodules vary 
in size, depending on causation, from micronodules (less 
than 3 mm in diameter) to macronodules (3 mm to 
several centimeters in diameter). 

4. The parenchymal architecture is generally dis- 
organized within micronodules, i.e., loss of central veins 
and single-cell parenchymal cords, but in the macro- 
nodular pattern recognizable lobules may persist. 

A number of secondary changes follow. Usually 
there is some evidence of cholestasis. Abnormal vascular 
connections develop in the fibrous scars between the 
portal, arterial, and venous systems that, to an extent, 
bypass the hepatic parenchyma. A mononuclear inflam- 
matory infiltrate is usual within the portal tracts and 
scars, but is of variable intensity among the different 
forms of cirrhosis. Depending on the particular type 
and duration of the cirrhosis, there may be proliferation 
of cholangioles. 

Cirrhosis, most of it related to alcohol abuse, ranks 
among the ten leading causes of death in many countries 
of the Western world, including the United States. 
Among those 25 to 65 years of age in the U.S., it is the 
third leading cause of death.!” All forms of cirrhosis, 
whatever their origins, are chronic progressive disor- 
ders, largely because the causation cannot be controlled 
in most instances. Most of the fatalities over the span 
of years result from liver failure or one of the conse- 
quences of portal hypertension related to the extensive 
scarring and nodularity. There is, however, experimen- 
tal and some scanty clinical evidence that the collagen- 
ous scarring is not irreversible.‘ In all scars, collagen 
is in a constant state of turnover. With control of the 
underlying cause of the cirrhosis, regression of the 
fibrous septa has been reported, notably in the pigment 
cirrhosis caused by iron overload.'** However, with few 
other forms of cirrhosis can the direct cause of the liver 
injury be controlled as effectively. It remains to be 
proved that abstinence from alcohol will stem the on- 
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ward march of cirrhosis in chronic alcoholics once it has 
become established. 

There is no satisfactory classification of cirrhosis. 
An etiologic approach suffers from a lack of knowledge 
about the precise causes of all forms of cirrhosis. The 
pathogenesis frequently is no longer evident at the time 
of examination. Moreover, the morphology is not always 
distinctive and undergoes change with progression of 
the condition. Thus, it has been proposed that cirrhosis 
be divided simply into two large categories: (1) micro- 
nodular, in which the preponderance of parenchymal 
nodules are less than 3 mm in diameter; and (2) mac- 
ronodular, in which most of the nodules exceed 3 mm 
in diameter. Appealing as such simplification may be, it 
is purely descriptive and offers no guidelines for clinical 
management. Accordingly, resort will be made to the 
historically sanctified classification drawing on both pu- 
tative etiologies and presumed pathogenesis. An ap- 
proximate frequency of each category in the Western 
world is included. 
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Alcoholic cirrhosis 30-70% 

Postnecrotic cirrhosis 10-50% 

Biliary cirrhosis (primary 10% 
and secondary) 

Pigment cirrhosis (in hemo- 5% 
chromatosis) 

Cirrhosis associated with rare 
Wilson's disease 

Cirrhosis associated with rare 
alpha-1-antitrypsin 
deficiency 

Cryptogenic cirrhosis 15-60% 


Not included in the above classification are the 
very infrequent types of cirrhosis associated with chronic 
right heart failure (cardiac cirrhosis); galactosemia; dif- 
fuse infiltrative cancers of the liver (carcinomatous cir- 
rhosis); and syphilis (congenital and tertiary). Also not 
included is Indian childhood cirrhosis, encountered 
principally in India, Southeast Asia, and the Middle 
East, which partakes of the morphologic features of 
cirrhosis associated with chronic active hepatitis and 
alcoholic cirrhosis.!*° In passing, it might be noted that 
this obscure disorder has also been related to copper 
toxicity. '°* 

All forms of cirrhosis may lead to certain clinical 
manifestations that are usually most marked in the 
alcoholic form. Palmar erythema, spider angiomas (usu- 
ally most visible over the chest), gynecomastia, gonadal 
atrophy, amenorrhea, and changes in the distribution 
of body hair are all attributed to hyperestrinism secon- 
dary to impaired hepatic metabolism of estrogens. How- 
ever, with chronic exposure to alcohol a direct effect on 
pituitary-gonadal function may also contribute.'*’ Du- 
puytrens contracture of the palmar fascia and finger 
clubbing develop infrequently, for poorly understood 
reasons. When the liver disease is advanced there is not 
only impaired synthesis of albumin, but also fibrinogen, 
prothrombin, and coagulant factors V, VII, IX, and X. 
Although some of these changes may have serious 
consequences such as a bleeding diathesis, they are 


significant for the most part as clinical clues to the 
presence of advanced liver disease and cirrhosis. Some- 
times renal failure (the hepatorenal syndrome) compli- 
cates the course. Were these problems not sufficient, 
the alcoholic with or without cirrhosis also has an 
increased frequency of acute gastritis and peptic ulcers. 
Portal hypertension, however, is the most serious con- 
sequence of cirrhosis of the liver, and plays an important 
role in the life or death of the patient. 


PORTAL HYPERTENSION 


Pressure in any vascular system can only be ele- 
vated by either an increase in blood flow or an increase 
in resistance to outflow. With rare exceptions, portal 
hypertension is related to increased resistance to out- 
flow. The only significant cause of increased flow into 
the portal venous system is massive splenomegaly, such 
as is encountered in some of the hematologic disorders. 
Here the organ enlargement creates an arteriovenous 
fistula that shunts blood into the splenic vein. The 
causes of increased resistance to flow fall into three 
categories: (1) posthepatic, (2) prehepatic, and (3) in- 
trahepatic. The major posthepatic causes of portal hy- 
pertension are severe right-sided heart failure, Budd- 
Chiari syndrome and constrictive pericarditis. The major 
prehepatic origins constitute thrombosis or narrowing 
(as by cancers) of the portal vein before it ramifies within 
the liver. The dominant intrahepatic cause is cirrhosis 
and, far less frequently, schistosomiasis, massive fatty 
change, and diffuse fibrosing granulomatous disease 
such as sarcoidosis and miliary tuberculosis. Despite all 
these possibilities, unless proved otherwise, portal hy- 
pertension implies cirrhosis of the liver. Although more 
complex explanations have been offered, the elevation 
of the portal pressure is mainly attributable to compres- 
sion of sinusoids and central veins by the fibrous scarring 
and regenerative nodules, and the development of ar- 
teriovenous anastomoses within the scars bringing to 
bear hepatic arterial pressure on the portal circulation. 
Four major clinical consequences follow: (1) ascites; (2) 
the formation of portosystemic venous shunts, particu- 
larly in the submucosa of the esophagus and stomach 
(gastroesophageal varices); (3) progressive enlargement 
of the spleen—congestive splenomegaly; and (4) occa- 
sionally hepatic (metabolic) encephalopathy secondary 
to the diffuse parenchymal damage and portosystemic 
shunting. 

ASCITES. Ascites refers to the collection of excess 
fluid in the peritoneal cavity. It usually becomes clini- 
cally detectable when 500 ml has accumulated, but 
many liters may collect, causing abdominal distention. 
It is generally a serous fluid having less than 3 gm per 
100 ml of protein (largely albumin) as well as the same 
concentrations of solutes, such as glucose, sodium, and 
potassium as the blood. Thus, withdrawal of large vol- 
umes of ascitic fluid for relief of symptoms invokes a 
substantial loss of protein and solutes. The fluid may 
also contain a scant number of mesothelial cells and 


mononuclear leukocytes. The presence of neutrophils 
suggests secondary infection; red cells, on the other 
hand, suggest other origins of the fluid such as dissem- 
inated intra-abdominal cancer. Sequestration of large 
volumes of fluid in the peritoneal cavity is often accom- 
panied by peripheral edema and decreased urine vol- 
ume. 

The pathogenesis of ascites is complex and not 
entirely understood. Four factors contribute in varying 
degrees to its development: 

(1) Elevated pressure within the portal venous 
system. The role of portal hypertension is curiously 
enigmatic. On the one hand, individuals with throm- 
bosis of the main portal vein rarely develop ascites, but 
on the other hand, decompression of the portal system 
by a portacaval anastomosis often relieves the ascites. 
Most likely, portal hypertension together with de- 
creased plasma colloid oncotic pressure increases the 
formation of interstitial fluid in the splanchnic bed, 
which is followed by seepage of fluid from overloaded 
lymphatics. 

(2) Decreased plasma colloid oncotic pressure. Hy- 
poalbuminemia often develops with cirrhosis because of 
hemodilution, impaired synthesis in the liver, and loss 
of albumin into the ascitic fluid. The lowered plasma 
colloid oncotic pressure contributes to the expansion of 
the interstitial fluid compartment, with secondary in- 
creased lymph flow and seepage. 

(3) Increased formation of hepatic lymph. Distor- 
tion and blockage of the hepatic sinusoids and lymphat- 
ics along with the hypoalbuminemia accounts for a 
considerable amount of seepage of lymph fluid through 
the capsule of the liver. Thus, in contrast to portal vein 
thrombosis, hepatic vein thrombosis as well as cirrhosis 
is frequently marked by ascites. 

(4) Secondary hyperaldosteronism and sodium re- 
tention. For uncertain reasons, although it is sometimes 
attributed to sequestration of a large volume of blood 
within the splanchnic bed, the effective circulating blood 
volume is reduced with decreased renal blood flow and 
secondary hyperaldosteronism (p. 1240). Impaired he- 
patic metabolism of aldosterone aggravates the situation. 
Thus comes about sodium retention and the train of 
sequelae described in the formation of edema (p. 86), 
with increased loss of fluid through the lymphatics and 
peritoneal surfaces. 

PORTOSYSTEMIC SHUNTS (COLLATERAL CHAN- 
NELS). With the rise in pressure, portal vein bypasses 
develop wherever the systemic and portal circulations 
share common capillary beds. Principal sites are: veins 
around and within the rectum (hemorrhoids); the car- 
dioesophageal junction (esophagogastric varices (Fig. 
19—22)); the retroperitoneum; and the falciform ligament 
of the liver (periumbilical or abdominal wall collaterals). 
The hemorrhoids are indistinguishable from those en- 
countered in noncirrhotic persons, but serve as a pos- 
sible clinical clue to the liver disease. Hemorrhoidal 
bleeding may occur but is rarely massive or life threat- 
ening. Much more important are the esophagogastric 
varices (see p. 802) that appear in about 65% of patients 
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Figure 19-22. Esophageal varices. Dilated submucosal veins (ar- 
rows) in lower portion of esophagus in a patient with advanced 
alcoholic cirrhosis. 


with advanced cirrhosis of the liver, and cause massive 
hematemesis and death in about half of these. Abdom- 
inal wall collaterals appear as dilated subcutaneous veins 
that extend from the umbilicus toward the rib margins 
(caput medusae). These tortuous dilated channels con- 
stitute an important clinical hallmark of portal hyperten- 
sion. 

SPLENOMEGALY. Long-standing congestion may 
cause congestive splenomegaly (p. 700). The degree of 
enlargement varies widely up to 1000 gm and is not 
necessarily correlated with other features of portal hy- 
pertension. Massive splenomegaly may secondarily in- 
duce a variety of hematologic abnormalities attributed 
to hypersplenism (p. 699). 

HEPATIC (METABOLIC) ENCEPHALOPATHY. This se- 
rious neurologic disorder has already been described (p. 
893). Although it may appear with hepatic failure from 
any cause, it is particularly associated with advanced 
cirrhosis because of the diffuse parenchymal damage 
and portosystemic shunting. 

After this general overview of the clinical conse- 
quences of cirrhosis we can turn to the specific types. 


ALCOHOLIC LIVER DISEASE AND CIRRHOSIS 


Chronic excessive consumption of ethanol may lead 
to fatty liver (steatosis), alcoholic hepatitis, and alcoholic 
cirrhosis (also known as Laennec’s cirrhosis and cirrhosis 
of alcohol abuse). Any of these entities mav be compli- 
cated by one or both of the other two and so may coexist 
in the liver, but there is a growing conviction that fatty 
liver, alcoholic hepatitis, and alcoholic cirrhosis are 
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separate and not necessarily interdependent entities. 
Both short-term and long-term exposure to alcohol 
regularly induces a fatty liver, which, in time and with 
continued excessive intake of ethanol, may be followed 
by cirrhosis. However, fatty change by itself is a re- 
versible condition with cessation of exposure to alcohol. 
It is relevant, for example, that the fatty liver of kwash- 
iorkor, marked obesity, and diabetes is not followed by 
cirrhosis.!°° Thus, it is believed that the fat and the 
cirrhogenic process are separate independent conse- 
quences of chronic alcoholism. The place of alcoholic 
hepatitis in this spectrum is murkier. As the term 
implies, it represents an acute form of liver damage 
associated with spotty necrosis of hepatocytes as well as 
other changes (to be detailed later) that produce clinical 
manifestations reminiscent of acute viral hepatitis. The 
genesis of this condition is not clear but it is commonly 
associated with bouts of heavy drinking.’ Although fat 
is often present in livers with alcoholic hepatitis, there 
is no known correlation between the fat and the acute 
hepatitis. More controversial is the role of the hepatitis 
in the development of cirrhosis.'! Individuals with 
alcoholic cirrhosis may or may not have a history of 
overt bouts of acute hepatitis. Certainly, evidence of 
alcoholic hepatitis is more frequently absent than pres- 
ent in developed cirrhosis, and moreover does not 
appear during the evolution of alcohol-induced cirrhosis 
in baboons.'*? Thus, although episodes of hepatitis may 
contribute to the fibrous scarring of alcoholic cirrhosis, 
they are not thought to be requisite since there are 
other mechanisms of alcohol-related fibrogenesis. It 
seems best, then, to consider the three types of liver 
change as independent consequences of excessive ex- 
posure to ethanol. 

EPIDEMIOLOGY. Alcoholic cirrhosis accounts for 
about 60 to 70% of all cirrhosis in North, South, and 
Central America as well as in many parts of Western 
Europe, notably France. It is much less frequent, at 
least presently, in other parts of the world. In the high- 
prevalence areas of the world it is one of the ten leading 
causes of death, climbing ever higher in rank order with 
the passing years. In the United States the number of 
deaths from cirrhosis increased more than 70% between 
1950 and 1974, and a similar trend has been reported 
from Canada.'* Although this condition was once pre- 
ponderantly a disease of males, more females are now 
developing it, and the male:female ratio of deaths now 
stands at about 2:1. The peak incidence is in the fifth 
decade, but alcoholic liver disease and cirrhosis may 
appear in early adult life. Alcoholic abuse and liver 
disease are traditionally associated with lower socioeco- 
nomic status; in a recent report, however, alcoholism 
was four times more prevalent among Scottish doctors 
than in less well-educated members of the commu- 
nity. ‘4 
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Numerous clinical and epidemiologic studies have 
attempted to establish a “safe” upper limit of daily 
alcohol consumption. At one time it was contended that 
up to 160 gm of alcohol per day incurred little or no 
risk (10 gm of alcohol is equivalent to 1 oz of 86-proof 
beverage). However, it is now thought that chronic 


daily intake in excess of 60 to 80 gm for men and 20 gm 
for women over a period of years incurs a significant 
risk of cirrhosis. !** Most patients with alcoholic cirrhosis 
have consumed about 190 to 200 gm daily for over ten 
years, yet only 10 to 20% of heavy drinkers develop 
alcoholic cirrhosis, about 30% develop alcoholic hepa- 
titis, and half have no significant liver damage.'*© Indi- 
vidual, possibly genetic, susceptibility must therefore 
exist. Associations between certain HLA profiles have 
been claimed, but they vary among geographic locales 
(B8 in Britain, B13 in Chile, and DW40 in Norway) and 
are of uncertain importance.'*’ In the last analysis, the 
death rate from alcoholic cirrhosis in various populations 
correlates quite well with per capita alcohol consump- 
tion irrespective of the type of beverage used. Rationing 
of wine in France between 1941 and 1947 led to an 80% 
reduction in mortality from cirrhosis. 


MORPHOLOGY. In view of the present belief that fatty 
liver, alcoholic hepatitis, and alcoholic cirrhosis do not nec- 
essarily constitute a continuum, they will be described sep- 
arately, noting features of possible progression from one to 
the other. 

Fatty liver (steatosis) is the earliest, almost inevitable 
consequence of alcoholism. At the outset, the accumulation 
of fat does not differ from that encountered in other clinical 
settings, as described on page 18. At first, the vacuoles are 
small and distributed throughout the cytoplasm. (Fig. 19- 
23). With progressive accumulation, however, they coa- 
lesce, creating large cleared spaces that enlarge and 
virtually transform the cell into a lipocyte with com- 
pressed, peripherally displaced nucleus. Concomitant 
retention of proteins normally secreted by hepatocytes adds 
to the cellular enlargement.'* In the alcoholic patient, the 
accumulation of fat and protein may be considerable, cre- 
ating massive, soft, yellow, greasy livers weighing up to 4 
to 6 kg. Rupture and coalescence of adjacent expanded 
cells may produce so-called microscopic fatty cysts. Chole- 
static changes may appear with bile droplets within hepato- 
cytes and bile plugs within canaliculi. 

Ultrastructural changes can be seen in the liver cells 
within two days in well-nourished, nonalcoholic human vol- 
unteers administered large amounts of ethanol for short 
periods of time (as detailed later) even before the first 
appearance of fat.'** Most prominent are enlargement and 
distortion of mitochondria accompanied by vesiculation and 
reduplication of the smooth endoplasmic reticulum. After 
eight days, giant mitochondria develop as well as focal 
cytoplasmic degradation and autophagic vacuoles, but by 
this time there are also fat vacuoles. Similar changes are 
evident in ethanol-fed baboons.'®° Despite the ultrastruc- 
tural evidence of cell injury and even massive fat accu- 
mulation, the morphologic changes are entirely revers- 
ible if further exposure to alcohol ceases and a normal 
diet is resumed. 

Additional changes appear in some fatty livers, which 
have been interpreted as warnings of the possible onset of 
cirrhosis. These include (1) delicate fibrosis about central 
veins, sinusoids, and hepatocytic cords; (2) marked accu- 
mulation of fat in the Ito cells within the spaces of Disse; 
and (3) hypertrophy and hyperplasia of mononuclear sinu- 
soidal cells. Among these changes, greatest significance is 
accorded the fibrosing reaction about the central veins. Serial 
liver biopsies of ethanol-fed baboons have revealed that 
cirrhosis develops only in those having perivenular sclerosis 
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Figure 19-23. Liver cell in male rats maintained for seven days on nutritionally adequate diet in 
which ethanol isocalorically replaces sucrose up to 36% of total calories. Early changes comprise the 
appearance of fat vacuoles (dark inclusions), slight vesiculation of endoplasmic reticulum, and slight 


swelling of mitochondria. (Courtesy of Dr. O. Iseri, Mallory Institute of Pathology.) 


in earlier biopsies.'*° A similar sequence has been observed 
in serial biopsies from chronic alcoholics. Thus, it is proposed 
(not without contention) that pericellular, perisinusoidal, and 
particularly perivenular delicate fibrosis constitute precir- 
rhotic changes. '*' 

Alcoholic hepatitis may appear in the precirrhotic or 
cirrhotic liver but almost always is accompanied by some 
fatty change. The hepatitis, initially centrilobular (zone 3 of 
the acinus), is marked principally by (1) swelling of hepa- 
tocytes; (2) necrosis of single random cells; (3) infiltra- 
tion of neutrophils about foci of necrosis; and (4) in 
most instances, alcoholic hyalin or Mallory bodies within 
swollen or necrosing liver cells.'**? The enlargement of 
hepatocytes is related to hydropic distention of endoplasmic 
reticulum, the accumulation of fat, and the retention of 
proteins. Individual ballooned cells become necrotic and are 
often replaced by clusters of neutrophils, admixed with 
occasional lymphocytes and macrophages. Alcoholic hy- 
alin (Mallory body) appears in swollen hepatocytes, some- 
times in cells already partially or completely necrotic. In 
routine tissue stains it takes the form of cytoplasmic, eosin- 
ophilic, waxlike droplets that may coalesce to form tangled 
perinuclear skeins (Fig. 19—24). Ultrastructurally the hyalin 
is composed of closely aggregated, intermediate filaments 
yielding positive reactions to cytokeratin by immunocyto- 
chemical methods (Fig. 19—25).'** The designation “Mallory 
body” may be preferable to “alcoholic hyalin” since it can 
also be seen in other forms of liver disease, including primary 
biliary cirrhosis, Wilson’s disease, Indian childhood cirrhosis, a 
hepatocellular carcinoma, and others.'* The inflammatory . 2 “a4 r Pa | 
necrotizing parenchymal injury is usually associated with Figure 19-24. Alcoholic hepatitis. Numerous dark Mallory bodies 
prominent cholestasis. In severe cases the alcoholic hepatitis | are seen within both vital and disintegrating hepatocytes. 
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Figure 19-25. Electron microscopic detail of a liver cell revealing 
closely packed filaments of alcoholic hyalin (arrows) as well as 
large, cleared lipid vacuoles. (Courtesy of Dr. Marcel Seiler, Pa- 
thology Department, West Roxbury VA Hospital, Harvard Medical 
School, Boston.) 


may extend throughout the lobule, with accentuation of the 
inflammatory infiltrate. 

The relationship of alcoholic hepatitis to the later devel- 
opment of cirrhosis, as mentioned, is still controversial. Acute 
and recurrent bouts of hepatitis may subside with regener- 


Figure 19—26. Alcoholic cirrhosis at an intermediate stage. Liver is 
enlarged, contains fat, and has a well-developed micronodular 
pattern. 


ation of lost cells, leaving no residuals. In one serial biopsy 
study, however, most patients with persistent alcoholic hep- 
atitis and continuing chronic alcoholism later developed 
cirrhosis.'‘*> Thus, on the one hand, protracted alcoholic 
hepatitis may predispose to the development of alco- 
holic cirrhosis, but on the other hand, cirrhosis may 
develop, as it does in alcohol-fed baboons, without the 
intervention of alcoholic hepatitis.'* 

Alcoholic cirrhosis begins as a large, fatty, micro- 
nodular liver (usually weighing over 2 kg) that is transformed 
over the span of years, into a shrunken, nonfatty, macro- 
nodular cirrhotic liver (sometimes less than 1 kg in weight) 
(Fig. 19-26). There is generally an inverse relationship 
between the amount of fat and the amount of fibrous 
scarring. Early in the course of the cirrhogenic process, a 
faintly perceptible nodularity is evident both on the surface 
and on transection. The fibrous septa are delicate and extend 
from central vein to portal regions as well as from portal 
tract to portal tract. Thus, individual lobules are dissected, 
which accounts for the micronodular pattern. The paren- 
chyma within the nodules is extensively fatty and disorgan- 
ized as regeneration transforms the normal liver cords into 
irregular aggregates. Because of their fat content, the nod- 
ules and the liver are tawny-yellow, from which the term 
“cirrhosis” derives. The changes of alcoholic hepatitis (in 
particular, liver cell necrosis and Mallory bodies) and bile 
stasis may or may not be present. 

As the scarring increases with time, the nodularity 
becomes more prominent, and scattered nodules enlarge 
because of regenerative activity, creating a so-called “hob- 
nail” appearance on the surface (Fig. 19-27). The amount 
of fat may be reduced but is still abundant. Now the fibrous 
septa are prominent and often have a modest infiltrate of 
lymphocytes with some reactive bile duct proliferation about 
the portal tracts (Fig. 19-28). The liver shrinks progressively 
in size, becomes more fibrotic, loses fat, and is converted 
into a macronodular pattern as parenchymal islands are 
engulfed by ever wider bands of fibrous tissue (Fig. 19-29). 
The parenchymal disorganization becomes more _ pro- 
nounced because of the irregular regeneration, and with 
disruption of the canaliculi, bile stasis often develops. The 
liver cells now contain no fat, and active cell necrosis and 
Mallory bodies are only rarely evident in this late stage. 
Thus, end-stage alcoholic cirrhosis comes to resemble, 
both macroscopically and microscopically, postnecrotic 
cirrhosis (to be described). 


PATHOGENESIS. It is now generally accepted that 
alcohol, its metabolites, or its effects on hepatocyte 
metabolism is or are the cause of alcoholic liver disease 
and cirrhosis, unrelated to any concomitant malnutrition 
so commonly observed in chronic alcoholics. Ultrastruc- 
tural changes (described earlier) appeared in hepato- 
cytes of well-nourished nonalcoholic volunteers main- 
tained on completely adequate diets two days after 
simulated “weekend” drinking of 245 to 270 gm alcohol 
daily.'*° Analogously, about 25% of baboons, maintained 
on nutritionally adequate diets containing alcohol as the 
carbohydrate, developed cirrhosis.'*? How, then, does 
alcohol exert its effects? The origin of fatty change was 
discussed on page 18; thus, it is sufficient to state only 
that alcohol reduces mitochondrial fatty acid oxidation, 
increases triglyceride formation from fatty acids, mobi- 
lizes peripheral fat depots, and impairs secretion of 
lipoproteins. However, the precise basis for the ethanol- 


Figure 19-27. Alcoholic cirrhosis. 
Somewhat enlarged gross photograph 
to show variation in size of nodules and 
large amounts of intervening connec- 
tive tissue. 


Figure 19-28. Alcoholic cirrhosis. Micro- 
scopic appearance of the liver seen in 
Figure 19-27 with fat and well-developed 
fibrous scarring. 


Figure 19—29. Alcoholic cirrhosis. Late 
stage with no fat and large amounts of 
fibrosis. 
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related liver cell necrosis is still unknown. A number of 
proposals have been made, including (1) mitochondrial 
injury and cellular hypoxia; (2) acetaldehyde toxicity; (3) 
superoxide formation and lipid peroxidation; and (4) 
cell-mediated or antibody-mediated cytotoxicity. There 
is little convincing evidence that mitochondrial injury 
and cellular hypoxia are important contributors.’ The 
possibility that acetaldehyde, known to be a by-product 
of ethanol metabolism, is the hepatotoxin leading to 
alcoholic hepatitis continues to be seriously entertained, 
albeit not established.‘ Not only is it a very toxic 
metabolite, but reduced levels of hepatic acetaldehyde 
dehydrogenase leading to increased serum levels of 
acetaldehyde have been observed in alcoholics.’*’ One 
study suggests that the lower enzyme level is not the 
result of alcohol-related injury, but is a primary genetic 
defect rendering certain individuals particularly vulner- 
able to the adverse effects of alcohol.'® There is, none- 
theless, a poor correlation between blood levels of 
acetaldehyde and the development of hepatitis or cir- 
rhosis. Another possible mechanism may relate to the 
formation of free radicals in the course of degradation 
of acetaldehyde to acetate by xanthine oxidase.’*? Un- 
certainty about these pathways has inevitably led to 
immunologic proposals that gain support from the vari- 
able individual susceptibility to chronic alcoholism. A 
large number of immunologic abnormalities have been 
described in patients with alcoholic liver disease, in- 
cluding (1) antibody directed against liver cells, (2) 
immune complex formation with complement activation; 
(3) abnormal T-cell function; and (4) antibody-dependent 
cellular cytotoxicity. However, proof is lacking that 
any of these mechanisms are the cause of the acute liver 
damage and are not merely secondary phenomena. 
Whether primary or secondary, they may contribute to 
fibrogenesis, as will become clear. 

The mechanisms involved in the development of 
fibrosis are also uncertain. Some experts maintain that 
active liver cell necrosis and alcoholic hepatitis are 
requisite for, or at least very important contributors to, 
the fibrogenesis. The necrotic cells and inflammatory 
reaction may well lead to fibrous scarring. Activated 
lymphocytes, macrophages, and phagocytic sinusoidal 
cells involved in the inflammatory response to alcoholic 
hepatitis also may release fibrogenic factors.'*! A variant 
of this concept proposes that Mallory bodies serve as 
antigens for an autoimmune reaction with the secretion 
of a fibrogenic lymphokine.’ Attractive as these pro- 
posals may be, not all patients with alcoholic cirrhosis 
have had known episodes of alcoholic hepatitis. More- 
Over, as pointed out, active hepatitis is consistently 
absent in the baboon model of cirrhosis. An alternative 
pathway was proposed by Popper and Kent,'® who 
suggest that perivenular and perisinusoidal fibrosis, 
which first appears in the early fatty stage, progresses 
to produce fibrous septa that radiate from the central 
vein to eventually yield the network of scarring seen in 
alcoholic cirrhosis. Lipid-laden Ito cells (of mesenchymal 
origin) in the spaces of Disse may contribute to this 
fibrogenesis. Yet another possibility has been raised, 


namely, that ethanol directly stimulates collagen syn- 
thesis in vitro as well as in vivo.’ There is no dearth 
of theories to explain the fibrous scarring, but at present 
all are conjectural. 

Finally, the current theories of origin of the Mallory 
body should be mentioned. Abnormal keratinization 
secondary to a lack of vitamin A has been proposed in 
these malnourished individuals.‘ Another appealing 
hypothesis, which, however, has many opponents, in- 
vokes “microtubular failure.” Alcohol might cause disas- 
sembly of tubulin and microtubules, leading to disarray 
of cytoplasmic organelles and aggregation of intermedi- 
ate filaments into hyalin. The “microtubule failure” 
theory might also provide an explanation for the marked 
retention of proteins in alcoholic liver disease. Still 
another proposal regards the development of hyalin as 
a “preneoplastic’ change.'™ It is clear that much remains 
to be learned, not only about the actions of alcohol on 
the liver but also about the origin of alcoholic hyalin. 

CLINICAL CourRSsE. The clinical manifestations of 
alcohol-related liver disease vary widely, depending on 
the nature and stage of the hepatic pathology. At one 
end of the spectrum is the asymptomatic patient with 
marked fatty hepatomegaly. Only rarely is there jaun- 
dice, sometimes accompanied by minimal elevation of 
SGOT. On the other hand, alcoholic hepatitis is rarely 
asymptomatic; commonly, it presents as an acute viral 
hepatitis with fever, tender hepatomegaly, jaundice, 
and almost invariably some elevation of SGOT (fre- 
quently less than would be expected for the severity of 
the clinical manifestations). The alkaline phosphatase is 
also elevated, sometimes markedly in patients who have 
a cholestatic picture. These manifestations may be su- 
perimposed on those related to portal hypertension 
when cirrhosis is also present. With severe alcoholic 
hepatitis, hepatic failure, encephalopathy, and some- 
times renal failure develop; indeed, each bout of hepa- 
titis imposes a 10 to 20% mortality rate. 

The characteristic features of developed cirrhosis 
with its accompanying portal hypertension have already 
been described. Particularly prominent are marked 
wasting, weakness, and ascites, sometimes producing a 
massively distended abdomen in a pathetically wasted 
body with skeletal extremities. In about 10% of cases, 
the cirrhosis is clinically silent until late in the course; 
sometimes it is discovered only at autopsy. Whatever 
the clinical presentation, massive hematemesis from 
ruptured gastroesophageal varices may punctuate the 
course or sometimes announce the existence of the 
underlying cirrhosis. The long-term outlook depends 
heavily on the level of continued exposure to ethanol. 
The natural progression of the disease can be arrested 
or significantly slowed with complete abstinence.'!® Ap- 
proximately 90% of those who do not have jaundice, 
ascites, or hematemesis at diagnosis and who refrain 
from further drinking survive for five years, but with 
continued drinking the rate drops to about 50%. The 
major causes of death, in order, are (1) liver failure; (2) 
intercurrent infections; (3) massive gastrointestinal hem- 
orrhage; and (4) hepatocellular carcinoma, which ap- 


pears in about 5 to 10% of cases. Concurrent hepatitis 
B virus infection significantly increases the risk of su- 
perimposed cancer. '* 


POSTNECROTIC CIRRHOSIS 


This is a macronodular pattern of cirrhosis of varied 
and sometimes unknown origin. In about 20 to 25% of 
cases it evolves from chronic active hepatitis B infection, 
as evidenced by positive serologic tests for HBsAg. How 
many additional cases are related to non-A, non-B 
chronic active hepatitis is not known. In a small number 
of instances there is a well-documented history of acute 
liver damage caused by some hepatotoxin such as phos- 
phorus, carbon tetrachloride, mushroom poisoning, or 
a drug such as acetaminophen, oxyphenisatin, or alpha- 
methyldopa. Undoubtedly, some cases represent end- 
stage alcoholic cirrhosis readily misinterpreted as mac- 
ronodular postnecrotic cirrhosis in the absence of a 
history of chronic alcoholism. After all these possibilities 
have been excluded, there remains a large residual of 
uncertain origin. A single attack of massive hepatic 
necrosis only infrequently gives rise to postnecrotic 
cirrhosis,'® because either it is fatal or regeneration of 
the liver cells permits survival with little or no residual 
scarring. In other instances of repeated bouts of sub- 
massive necrosis, survival is possible but only with 
massive random scars, or perhaps with a shrunken lobe. 
Such livers are said to have postnecrotic scarring be- 
cause they lack the overall nodularity and scarring 
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necessary for the diagnosis of cirrhosis. Submassive 
necrosis, whether caused by viruses or other hepatotox- 
ins, when it is zonal and reaches into most lobules, 
sometimes may indeed produce diffuse scarring, mer- 
iting the designation “postnecrotic cirrhosis.” 


MORPHOLOGY. From analyses of series of cases, it is 
possible to deduce the natural course of postnecrotic cirrho- 
sis. At the outset the liver is normal in size and color, but 
has faintly perceptible nodularity created by narrow trabec- 
ulae of fibrous tissue. Characteristically, the nodules are of 
variable size; some exceed 3 mm and may even be more 
than 1 cm in diameter. With progression the liver shrinks, 
sometimes to less than 1 kg in weight. The fibrous septa 
become coarser and, in places, become confluent to produce 
broad tracts of connective tissue, and simultaneously the 
markedly irregular macronodularity becomes accentuated 
(Fig. 19-30). Microscopically, the fibrous scars are typically 
infiltrated with lymphocytes and macrophages and, in places 
where entire lobules have been destroyed, they may contain 
distorted portal triads along with irregular strands and nests 
of bile duct epithelium resulting from replication of bile ducts 
and cholangioles. Characteristically the portal triads are 
closely approximated where the hepatocytes of entire lobules 
have been destroyed with collapse of the reticular frame- 
work. The architecture within the parenchymal nodules is 
distorted by both cell loss and regeneration. In the end-stage 
disease, active liver cell necrosis is inconspicuous, except 
possibly at the margins of parenchymal islands where piece- 
meal necrosis may persist as a residuum of chronic active 
hepatitis. Fat may or may not be present within surviving 
hepatocytes, but it is rarely prominent and bile stasis is 
equally variable. Ultimately, the diagnosis rests on ex- 


Figure 19-30. Postnecrotic cirrhosis. Scarring is very irregular and has become confluent at 
subdiaphragmatic surface of liver above. (Courtesy of Dr. Harvey Goldman, Pathology Department, 
Beth Israel Hospital, Harvard Medical School, Boston.) 
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Figure 19-31. Postnecrotic scarring. An island of preserved parenchyma is visible at upper right. 
Remainder of field represents a broad area of scarring. 


cluding other bases for a macronodular cirrhosis (e.g., 
end-stage alcoholic disease), the coarseness of the 
scars and the size and irregularity of the parenchymal 
nodules (Fig. 19-31). 


The clinical course is as varied as the origins of this 
form of cirrhosis. In many cases the cirrhosis is asymp- 
tomatic and is only discovered at laparotomy or autopsy, 
or by the chance finding of abnormal liver function test 
results. Sometimes splenomegaly or other manifesta- 
tions of portal hypertension, such as a massive gastroin- 
testinal bleed or ascites, call attention to the hepatic 
involvement, or such stigmata of cirrhosis as spider 
angiomas, gynecomastia, or amenorrhea constitute the 
presenting features of the disease. Also, there may be 
prominent signs and symptoms suggestive of progressive 
chronic active hepatitis, described earlier (p. 907). In 
such instances the disease may pursue a relentless 
course to death within a year or more, but some patients 
have a more indolent, prolonged course. The ultimate 
cause of death is usually hepatic failure, sometimes with 
encephalopathy, or massive hemorrhage from a rup- 
tured gastroesophageal varix. This form of cirrhosis, 
particularly when related to hepatitis B virus infection, 
often (15 to 25% of cases) leads to hepatocellular carci- 
noma, a frequency exceeded only by pigment cirrhosis. 


PIGMENT CIRRHOSIS—HEMOCHROMATOSIS 


Pigment cirrhosis is the dominant feature of the 
iron overload disorder known as hemochromatosis. It 
takes the form of a micronodular cirrhosis rendered 
distinctive by massive deposits of ferritin and hemosid- 
erin, mainly in hepatocytes and Kupffer cells. Ferritin, 


as noted (p. 636), is found in the cell sap and lysosomes, 
and consists of micelles having an outer shell of apopro- 
tein surrounding an iron-rich core in the form of ferric 
oxyhydroxide with a small amount of phosphate. '® He- 
mosiderin represents aggregates of iron formed by deg- 
radation of the protein shells of ferritin micelles with 
coalescence of the iron cores (endogenous hemosiderin). 
Hemosiderin may also be formed by the deposition of 
iron oxide following parenteral administration of iron- 
containing drugs (exogenous hemosiderin).'” In hemo- 
chromatosis the increase in total body iron is quite 
extraordinary and may reach a total of 80 gm (normal 3 
to 5 gm). One sufferer is reported to have set off the 
metal detector alarms at airports! The liver bears the 
brunt of this accumulation but there is also deposition 
of hemosiderin in the parenchymal cells of the heart, 
pancreas, and other organs, often damaging these organs 
also. It is necessary, therefore, to characterize hemo- 
chromatosis and consider the origins of the iron over- 
load. 

The term hemochromatosis is the generic designa- 
tion for all iron overload syndromes marked by (1) a 
progressive increase in total body iron stores; (2) the 
deposition of large quantities of iron in the form of 
ferritin and hemosiderin in the parenchymal cells of the 
liver, heart, pancreas, and other organs; and (3) both 
morphologic and functional damage to the organs and 
sites bearing the brunt of the iron deposition. In these 
terms, a number of forms of hemochromatosis can be 
distinguished on the basis of the cause of iron accumu- 
lation, as set out in Table 19-4. The basis for these 
various forms of hemochromatosis will become more 
clear when the pathogenesis of iron overload is consid- 
ered. It is important, however, to note that all forms of 
hemochromatosis are characterized by parenchymal cell 


Table 19-4. CAUSES OF HEMOCHROMATOSIS* 


Idiopathic (primary, hereditary) hemochromiatosis 
Secondary hemochromatosis 
Secondary to anemia and ineffective erythropoiesis 
Thalassemia, major 
Sideroblastic anemia 
Secondary to liver disease 
Alcoholic cirrhosis 
Following portacaval anastomosis 
Secondary to high iron intake 
Prolonged ingestion of medicinal iron 
Prolonged consumption of iron-laden wine, Kaffir beer, etc. 
Multiple transfusions 


“Based on Powell, L. W., et al.: Hemochromatosis: 1980 update. 
Gastroenterology 78:374, 1980. 


damage in organs, secondary to iron overload. Some 
iron may be present in RE cells, but it is overshadowed 
by the parenchymal deposition. Accumulations of retic- 
uloendothelial iron from broken down red cells, such as 
occurs in hemolytic anemias or multiple transfusions, 
appear to be relatively innocuous and unassociated with 
parenchymal cell and organ injury; thus, this condition 
is referred to as hemosiderosis. Such terms as “systemic 
hemosiderosis,” “hemolytic siderosis,” and “transfu- 
sional siderosis’ describe this pattern of iron accumu- 
lation. Convenient as this distinction may be, the line 
demarcating hemosiderosis from hemochromatosis may, 
at times, get blurred. For example, there is some 
question about the iron overload syndromes secondary 
to transfusions and oral intake of iron. Most of this iron 
accumulates in RE cells, but with massive reticuloen- 
dothelial hemosiderosis there may be shift of enough 
iron into parenchymal cells to induce some organ injury 
and usually a mild form of hemochromatosis. It is best, 
therefore, to view hemosiderosis and hemochromatosis 
as the two ends of a spectrum of iron overload, recog- 
nizing that intergrades sometimes defy categorization. 

PATHOGENESIS—IRON METABOLISM. The pathogen- 
esis of iron overload and hemochromatosis requires an 
understanding of normal iron metabolism, already dis- 
cussed on pages 422 and 636. For brief review, the 
normal total iron content is in the range of 2 to 5 gm in 
women and up to 6 gm in men. This amount is a closely 
guarded constant maintained by the regulation of intake 
to balance the very limited, almost fixed losses (at least 
in the male).!” In men, the daily loss is about 1 mg per 
day, but in women it is much more variable because of 
fetal demands for iron during pregnancy (0.5 to 1 gm) 
and the losses of menstrual bleeding (10 to 20 mg per 
period), averaging 2 mg per day. The average adult, 
meat-rich Western diet provides about 10 to 20 mg of 
iron per day, mostly in the form of readily absorbed 
heme- and myoglobin-iron. It is apparent that not more 
than 10% of this daily supply can be taken in if overload 
is to be prevented. 

Absorption of iron from the diet involves not only 
its absorbability but also intestinal mucosal cell uptake 
and then transfer across the cell into the plasma.'!”? The 
most active site of absorption is the duodenum, but the 
stomach, ileum, and colon may also participate to a 
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small degree. The precise mechanism of mucosal cell 
uptake of iron is still poorly understood, but (as dis- 
cussed earlier, p. 636) involves two iron-binding pro- 
teins, mucosal cell ferritin and transferrin.‘ After up- 
take a fraction of the iron that enters the mucosal cell 
is rapidly delivered to the plasma transport protein— 
transferrin. Most, however, is deposited as ferritin 
within these cells, some to be transferred to plasma 
transferrin, and some to be slowly lost over the course 
of weeks with exfoliation of mucosal cells, referred to as 
postabsorption excretion. The level of such excretion 
may regulate the amount of iron absorbed. Although 
the factors governing the level of immediate transfer of 
iron across the mucosal cell and the amount to be lost 
slowly in postabsorption excretion remain a mystery, it 
is known that the total uptake and transfer of iron is 
dependent on body iron content and erythropoietic 
activity, more specifically the iron needs of the erythron. 
As body stores rise, the percentage of iron absorbed 
falls, and vice versa. For unknown reasons, increased 
erythropoiesis alone, as in the hemolytic anemias, rarely 
leads to iron overload. More critical appears to be 
ineffective erythropoiesis, such as occurs with thalasse- 
mia major and sideroblastic anemia. Some signal must 
be delivered then to the mucosal cell, regulating its 
uptake and transfer of iron by modifying the level of 
postabsorption excretion. There are many hypotheses, 
but the nature of this signal is still unknown.'” One 
proposal holds that the level of saturation of plasma 
transferrin (serum ferritin) is central to the regulatory 
process. Serum ferritin is in constant flux with iron 
absorbed by the gut and with the ferritin pool in cells. 
There is some evidence that the RE cells, including the 
peripheral monocytes, are most important in this inter- 
nal pool. A decrease in cellular iron or a greater drain 
by the erythron would lower the serum ferritin and lead 
to an increase in uptake and transfer of iron from the 
gut. When the serum ferritin level is above normal, 
more iron is held within mucosal cells to be shed with 
them, and absorption is inhibited. An alternative theory 
proposes that mononuclear phagocytes, particularly the 
peripheral monocytes with their heme- and non—heme- 
derived ferritin, constitute the primary circulating signal 
and not the level of plasma transferrin. Although addi- 
tional refinements might be mentioned, the essence of 
this hypothesis states that the level of iron within cells 
(perhaps mainly mononuclear phagocytes and intestinal 
mucosal cells) modifies iron absorption in the gut.‘ 
However, it is important to note that with nonphysio- 
logic levels of dietary iron, excessive amounts are rapidly 
transferred to the plasma. 

It is now possible to revert to the various forms of 
hemochromatosis to consider the origins of the iron 
overload. Idiopathic hemochromatosis is by far the most 
common and the most severe expression of the disease; 
it is clearly an inborn error of iron metabolism trans- 
mitted as an autosomal recessive with full expression of 
the derangement in homozygotes and sometimes partial 
expression in heterozygotes.‘” Although a “bigenic” 
theory cannot be completely refuted, the weight of 
evidence favors a single mutant gene located close to 
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the HLA region on chromosome 6 with fairly tight 
linkage to HLA-A3. Additional associations have been 
reported with HLA-B14 and -B7.'” Argument has per- 
sisted for years about the nature of the metabolic fault 
in idiopathic hemochromatosis, but it has generated 
more heat than light.!” Currently the favored proposals 
are (1) a defect in intestinal mucosal control of iron 
absorption, perhaps in the mechanism regulating post- 
absorption excretion;!” (2) abnormal affinity of the liver 
for transferrin iron;'®° or (3) some abnormality in the 
monocytic-reticuloendothelial handling of iron.’*' What- 
ever the basis, the iron overload is far more extreme, 
as is the organ injury, in the primary idiopathic disease 
than it is in the secondary forms. 

In secondary hemochromatosis the iron overload 
has many possible origins. It may result from increased 
absorption related to the demands of a hyperfunctioning, 
but ineffective, bone marrow (erythropoietic hemochro- 
matosis). The development of hemochromatosis with 
alcoholic cirrhosis and portacaval anastomosis is less well 
understood. Alcohol appears to increase iron absorption. 
In some cases, consumption of iron-rich alcoholic bev- 
erages such as red wine may favor the overload. How- 
ever, although there is some increase in stainable iron 
in the liver in most patients with alcoholic cirrhosis, it 
reaches the level of hemochromatosis in only a minority. 
The question arises—are iron-overloaded alcoholic in- 
dividuals heterozygous for the mutant gene causing 
idiopathic hemochromatosis? The issue of high oral iron 
intake and hemochromatosis is more controversial, as 
mentioned earlier. South African Bantus who consume 
large quantities of alcoholic beverage fermented in 
vessels made of iron have developed what is called 
“Bantu siderosis,” with moderate degrees of pigmenta- 
tion and cirrhosis in the liver. In these individuals the 
excessive consumption of alcohol and iron appears to be 
responsible for a disorder having many resemblances to 
classic idiopathic hemochromatosis. Whether medicinal 
iron has the same potential is still being argued because, 
in the few reported cases of secondary hemochromatosis 
attributed to oral intake of iron-containing drugs, the 
possibility of an underlying hereditary defect cannot be 
excluded. The same question arises with patients who 
have received transfusions over a lifetime for, say, 
aplastic anemia, and have later developed hemochro- 
matosis. Are they genetically predisposed, or does suf- 
ficient overload of the RE cells induce a shift of iron 
into parenchymal cells, with organ injury? Despite these 
uncertainties, there is a message: patients consuming or 
being administered large quantities of iron must be 
monitored for the possible development of hemochro- 
matosis. 

An estimate of the level of body iron stores can be 
made by the combined measurements of (1) serum 
ferritin, (2) plasma iron concentration, and (3) iron- 
binding capacity. Serum ferritin, an iron-binding beta 
globulin, is normally 10 to 200 ng/ml, but rises into the 
range of 800 to 6000 with hemochromatosis. Analo- 
gously, the plasma iron, which is normally 50 to. 150 
wg/dl, is elevated two- or threefold. There is also a fall 
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in the plasma of the iron-binding capacity from 250 to 
350 yg/dl to 200 to 300 pg/dl, reflecting the greater 
saturation of transferrin. An additional valuable test is 
increased excretion of iron in the urine following admin- 
istration of the iron chelator desferrioxamine. Other 
more sophisticated measurements can be made and will 
be described later. Ultimately, however, liver biopsy is 
definitive when it reveals more than the normal barely 
detectable amounts of hemosiderin. 

Granted that iron overload of parenchymal cells is 
fundamental to hemochromatosis, the question arises as 
to how the cellular damage and consequent fibrosis 
occur. The currently favored theory proposes that the 
ultimate toxicity of iron derives from the formation of 
free radicals that induce peroxidation of membrane 
lipids. Trump and colleagues have suggested that, with 
progressive iron overload, the cells’ capacity to form 
innocuous ferritin is exceeded and the excess “free iron, ” 
in undergoing reduction from the ferric to the ferrous 
state, catalyzes the formation of free radicals from oxy- 
gen. !® 183 Possibly contributing to the cellular damage 
is the release of lysosomal enzymes, presumably because 
of free radical-induced damage to lysosomal mem- 
branes. Other mechanisms have been proposed, such 
as the possibility of direct stimulation of collagen syn- 
thesis by excess iron, with the resulting fibrosis then 
producing parenchymal injury." Another theory in- 
vokes a fundamental derangement in RE handling of 


Figure 19-32. Hemochromatosis. Darkly pigmented micronodular 
liver is seen on right, slightly pigmented transected pancreas on 
lower left, and pigmented lymph nodes at upper left. 


iron. In idiopathic hemochromatosis the RE system 
appears to be unable to store as much iron as usual, 
and so parenchymal cells are exposed to a greater load.'® 
There is still much uncertainty about the pathogenesis 
of the parenchymal injury, but the evidence favors the 
free-radical theory. 


MORPHOLOGY. Only the morphologic changes of idi- 
opathic hemochromatosis will be described, because the 
changes in the various forms of secondary hemochromatosis 
are qualitatively the same but usually less marked. The 
principal features of idiopathic hemochromatosis are: 
(1) excessive deposits of hemosiderin in the following 
organs in decreasing order of severity: liver, pancreas, 
myocardium, pituitary, adrenals, thyroid, parathyroids, 
joints, and skin; (2) micronodular pigment cirrhosis of 
the liver; and (3) atrophy and fibrosis of the pancreas 
(Fig. 19-32). Despite the pigmentation, fibrosis is relatively 
scanty in organs other than the liver and pancreas. 

The liver progressively develops a micronodular cirrho- 
sis with hemosiderin-laden parenchymal cells, Kupffer cells, 
and bile duct epithelium. Sequential liver biopsies indicate 
that first there is deposition of the pigment, followed in time 
by the development of fibrous septa resembling in distribu- 
tion those seen in evolving alcoholic cirrhosis. At this early 
stage the liver is characteristically slightly larger than normal 
and is dense and chocolate-brown. Over the span of years 
the progressive accumulation of pigment and the scarring 
become more prominent, as does the parenchymal nodular- 
ity. There is some reduction in liver size but rarely is it 
marked. The hemosiderin is readily evident in routine tissue 
stains but is highlighted by the Prussian blue reaction, when 
applied to whole organ or tissue slices, rendering them blue- 
black (Fig. 19-33). With death of hepatocytes or Kupffer 
cells, iron may be released into extracellular spaces and 
incorporated within the fibrous septa. Fat is usually strikingly 
absent as is active cell necrosis, but nonetheless cell death 
must have occurred followed by regeneration. As with all 
forms of cirrhosis, there is disorganization of the normal 
architecture within the parenchymal nodules. Carcinoma of 
the liver is a frequent complication of pigment cirrhosis and 
appears in 15 to 30% of cases.'* 

The pancreas is intensely pigmented, has a diffuse 
interstitial fibrosis, and may be somewhat decreased in size 
because of atrophy and loss of parenchymal cells. Hemosi- 
derin is found in both the acinar and islet cells, and some- 
times in the interstitial fibrous stroma. As will be seen, 
diabetes is a major clinical feature of idiopathic hemochro- 
matosis, but there is poor correlation between the intensity 
of the iron deposits in the pancreatic islets and the occur- 
rence and severity of the diabetes. 

The heart is often enlarged and has hemosiderin gran- 
ules within the myocardial fibers. The pigmentation may 
induce a striking brown coloration to the myocardium. A 
delicate interstitial fibrosis may or may not be present. 

The endocrine glands (thyroid, parathyroid, pituitary, 
and, in particular, adrenals) also reveal a brownish coloration 
related to the accumulation of hemosiderin in the parenchy- 
mal cells. | 

The skin has increased pigmentation in 80 to 90% of 
patients. This is mainly due to increased amounts of melanin 
(seen with various forms of cirrhosis), which imparts a 
golden-brown color. There is also a distinctive, metallic, 
slate-gray pigmentation related to accumulation of hemo- 
siderin in dermal macrophages and fibroblasts. 
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Figure 19-33. Faneat cirrhosis iar al -developed scarring. The 
hemosiderin principally within hepatocytes appears black in Prussian 
blue reaction. 


The joint synovial linings have hemosiderin pigmen- 
tation in 30 to 50% of cases. An acute synovitis may follow. 
There is also excessive deposition of calcium pyrophos- 
phate, which damages the articular cartilage and sometimes 
produces disabling polyarthritis, referred to as “pseudogout.” 

The testes may be small and atrophic but are not 
usually significantly pigmented. It is thought that the atrophy 
is secondary to some derangement in the hypothalamic- 
pituitary axis. 


CLINICAL Course. The clinical features of idiopathic 
hemochromatosis will be described; the findings in the 
secondary pattern are fundamentally the same but tend 
to be less well defined and more variable, depending 
on the severity of the iron overload and organ injury. 
Idiopathic hemochromatosis affects males more often 
than females in a ratio of 9:1. Protection of females is 
attributed to the losses of iron from menstruation and 
pregnancy. Most patients come to clinical attention 
between the ages 40 and 60, presumably the time 
required for accumulation of sufficient iron to cause 
organ injury. Mention has already been made of the 
close association between the so-called “susceptibility 
gene’ and HLA-A3. Thus, individuals who possess this 
antigen and who require multiple transfusions or pro- 
longed iron therapy are at particular risk. 

The classic clinical triad of findings has traditionally 
been liver disease, diabetes, and skin pigmentation. To 
these must be added cardiac manifestations (e.g., 
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congestive heart failure and/or arrhythmias) indistin- 
guishable from other cardiomyopathies, joint symptoms 
resembling those of gout, and often impotence. The liver 
disease—pigment cirrhosis—may be silent clinically ex- 
cept possibly for some SGOT elevation, but hepato- 
megaly is detectable in about 80% of patients and often 
the liver is unusually radiopaque. The reported fre- 
quency of diabetes mellitus ranges from about 30% to 
80%.'8’ The skin pigmentation (80 to 90% of patients) 
responsible for the older designation of “bronze diabe- 
tes” is, as was noted, a reflection of increased melanin 
as well as iron deposits. Neurologic symptoms such as 
somnolence, apathy, ataxia, and hearing loss are some- 
times manifested despite the failure to identify pigmen- 
tary or other regressive alterations in the central nervous 
system. In some patients, cardiac abnormalities or ar- 
thritis first call attention to the underlying disease. 

Although the diagnosis can be suspected on the 
basis of the clinical findings, it must be confirmed by 
evidence of inappropriate levels of iron accumulation in 
the blood, such as a marked increase in transferrin 
saturation, serum ferritin, and plasma iron, as discussed 
earlier. Other criteria of iron overload are increased 
hepatic density revealed by CT scan, as well as by 
magnetic measurements.'** However, the level of iron 
stores is better judged by the amount excreted in the 
urine after an injection of desferrioxamine (usually more 
than 2 mg), and ultimately by the parenchymal iron 
overload and pigment cirrhosis in the liver biopsy. The 
major differential diagnosis is alcoholic cirrhosis accom- 
panied by some iron loading, particularly when there is 
a history of consumption of large quantities of red wine. 
Moreover, chronic alcoholism can of course be seen in 
patients with idiopathic hemochromatosis. 

More than with most forms of cirrhosis, early 
diagnosis in the precirrhotic phase and appropriate 
treatment have a great deal to offer. The use of iron 
chelators and frequent phlebotomies drains the iron 
stores and, according to clinical observations, may pre- 
vent or at least markedly delay progression to cirrhosis. 
Even more surprising, this regimen has reportedly 
caused reversal of the hepatic fibrous scarring (p. 915), 
ameliorated or cleared the diabetes, and relieved other 
signs and symptoms.’* The five-year mortality rate in 
patients on intensive iron-draining therapy is about 10%, 
but is almost 70% in the untreated.'® There is, there- 
fore, a clear need for recognition of individuals at risk, 
particularly among family members. Relatives having 
the same HLA profile as the index case may incur the 
disease, and even heterozygotes sharing only one HLA 
haplotype often have somewhat elevated transferrin 
saturation, serum ferritin, and plasma iron and are at 
increased risk, particularly when normal iron metabolic 
balance is stressed by alcoholism, anemia, transfusions, 
or augmented oral intake. The major causes of death in 
untreated patients are cardiac failure or sudden cardiac 
death related to an arrhythmia, hepatic failure, compli- 
cations of chronic diabetes mellitus (p. 972), and hepa- 
tocellular carcinoma. Although depletion of iron stores 
by the therapy has successfully prevented or corrected 


most of these fatal sequelae, it has not prevented the 
development of the cancers. Perhaps, however, the 
origin of these neoplasms dated back to prephlebotomy 
days. For obscure reasons, an increased incidence of 
other forms of cancer has also been reported in these 
patients—bronchial, pancreatic, cholecystic and rectal. 
In the absence of these neoplastic hazards, with current 
methods of therapy, many patients have remained well 
for 20 or more years without apparent progression of 
their disease. 


BILIARY CIRRHOSIS 


There are two distinctive forms of biliary cirrhosis. 
One, primary biliary cirrhosis, is thought to be an 
autoimmune disorder focused on interlobular bile ducts 
and cholangioles, and so is best remembered as destruc- 
tive sclerosing cholangitis and cholangiolitis. The other 
variant, secondary biliary cirrhosis, results from ob- 
struction to the major extrahepatic ducts. Both forms, 
however, are characterized morphologically by a mi- 
cronodular cirrhosis resulting from fibrous septa that 
emanate from the portal tracts to eventually enclose 
individual lobules. 

Secondary biliary cirrhosis is the simpler to char- 
acterize. It follows any of the disorders discussed earlier 
(p. 890) that cause prolonged extrahepatic obstructive 
jaundice. The outflow obstruction produces bile stasis 
throughout the entire biliary tree until eventually the 
inspissated impacted bile damages the interlobular bile 
ducts and cholangioles. A secondary inflammatory re- 
action initiates the scarring, leading to the cirrhosis. 
Secondary bacterial infection (ascending cholangitis and 
cholangiolitis) may contribute to the damage. Sometimes 
an ascending infection, even in the absence of marked 
bile stasis, produces a so-called infectious variant of 
secondary biliary cirrhosis. Enteric organisms such as 
coliforms and enterococci are the common culprits. With 
this form of secondary biliary cirrhosis, there may be 
little or no bile stasis. 

Primary biliary cirrhosis is of less certain origin 
and has evoked much speculation. It has many features 
of an autoimmune disease and, indeed, has some simi- 
larities to the immune reactions following liver trans- 
plantation.! Moreover, there is a greater-than-chance 
association between primary biliary cirrhosis and other 
autoimmune diseases such as rheumatoid arthritis, 
Hashimoto's thyroiditis, and Sjégren’s disease.'*' Most 
of those affected are middle-aged women known to have 
an increased frequency of autoimmune disease. Numer- 
ous abnormalities of both humoral and cell-mediated 
immunity have been detected in these patients. Antimi- 
tochondrial antibody is present in 90 to 100% of patients 
and, less frequently, smooth muscle antibody, antinu- 
clear antibodies, and rheumatoid factor. Hyperglobu- 
linemia, particularly of the IgM class, is characteristic 
and has been related to a failure of the immune response 
to convert from IgM to IgG antibody synthesis.'* Cir- 
culating immune complexes are often found and are 


associated with activation of the classic and alternate 
complement pathways.!® The finding of IgM and com- 
plement in areas of damaged bile ducts and cholangioles 
raises the possibility of humoral mechanisms in the 
production of the injury.’ An equal number of obser- 
vations point to the participation of cell-mediated im- 
munity. As will be seen, there is a prominent mononu- 
clear inflammatory reaction in areas of scarring 
frequently marked by granuloma formation, typically a 
manifestation of delayed hypersensitivity. T-cell sensi- 
tization to biliary antigens and liver-specific proteins has 
been demonstrated, as well as peripheral T-cell cytotox- 
icity for liver cells. Paradoxically, these patients often 
have cutaneous anergy and an impaired T-cell response 
to such nonspecific mitogens as phytohemagglutinin. 
Despite all the immunologic findings, there is no satis- 
factory construct to relate them to the liver damage. 
Conceivably, biliary antigens evoke a humoral response 
with activation of lytic fractions of complement. A 
fundamental defect in T cells has been proposed, either 
in the form of cytolytic T cells or a lack of suppressor- 
cell function, contributing to a hyperreactive humoral 
response.!® Antibody-dependent cellular cytotoxicity 
has also been invoked. Yet another theory emphasizing 
the similarity of the granulomas in the liver to those of 
sarcoidosis raises the possibility that primary biliary 
cirrhosis is a variant of sarcoidosis (itself of unknown 
origin). !%” 

Other etiologies are still being considered. The 
liver in primary biliary cirrhosis has a high concentration 
of copper, which has been incriminated in the produc- 
tion of the cirrhosis of Wilson’s disease (discussed be- 
low). Since this metal is excreted in the bile, elevated 
hepatic levels would not be unanticipated with pro- 
longed bile stasis. Penicillamine (a copper chelator), 
known to be effective in Wilson’s disease, has been 
reported to have beneficial effect in primary biliary 


Figure 19-34. Primary biliary cirrhosis. A very 
finely and diffusely nodular cirrhotic liver. 
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cirrhosis. However, such therapy also reduces the cir- 
culating levels of immunoglobulins and immune com- 
plexes, making interpretation of its therapeutic effec- 
tiveness (if any) uncertain. The plethora of pathogenetic 
theories makes clear that the cause of primary biliary 
cirrhosis is still unknown. 


MORPHOLOGY. Early in the course of all forms of biliary 
cirrhosis the liver is slightly enlarged with a regular, delicate 
micronodular scarring and deep-green bile pigmentation. 
Very rarely, when there is ascending infection in the absence 
of significant obstruction, the bile staining may be minimal 
or absent. As the disease advances the micronodularity 
becomes more evident, the scarring becomes more promi- 
nent but still fine, and the liver may shrink somewhat in size, 
but at most only slightly (Fig. 19-34). Important in the 
macroscopic examination is the identification or exclusion of 
disease—obstructive or infectious—in the extrahepatic 
ducts. 

Microscopically, there are significant differences be- 
tween the secondary and primary forms of biliary cirrhosis. 
However, both are characterized by prominent periportal 
fibrosis that extends out from and interconnects portal 
triads, thus demarcating one lobule from the next. The 
regularity of the scarring is a distinctive feature of this form 
of cirrhosis. There is usually a prominent mononuclear 
infiltrate within the scars as well as reduplication of bile 
ducts and ductules. Bile stasis within hepatocytes and can- 
aliculi, as well as within Kupffer cells, are prominent features 
of most cases. Here the similarity ends. Secondary biliary 
cirrhosis is associated with bile stasis in hepatocytes 
with prominent plugging of the interlobular bile ducts 
and canaliculi with inspissated bile, sometimes accom- 
panied by intraductal neutrophils. Accumulations of bile 
pigment (referred to as “‘bile lakes’’) with local necrosis 
of hepatocytes may be present within the parenchyma. 
As implied earlier, in rare cases of secondary biliary cirrhosis 
the intraductal changes may be largely confined to a heavy 
neutrophilic inflammation without significant bile stasis, either 
within the ducts or hepatic parenchyma. In contrast, primary 
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biliary cirrhosis consists of a “‘nonsuppurative, destruc- 
tive, sclerosing cholangitis and cholangiolitis.”’ The brunt 
of the change is borne by the cholangioles, which are 
converted to tangled knots or strands of cells devoid of 
lumens (Fig. 19-35). Although necrosis of bile duct epithe- 
lium must have occurred, it is not a prominent feature at the 
time of autopsy and is replaced by regenerative activity. The 
interlobular ducts may be similarly affected or, at times, are 
better preserved but lack the prominent bile stasis and 
neutrophilic exudation seen in the secondary variants. The 
mononuclear infiltrate in the periportal regions in primary 
biliary cirrhosis is composed largely of lymphocytes with 
numerous plasma cells and macrophages. Sometimes 
lymphoid follicles appear in the inflammatory response as 
well as nests of foamy histiocytes. In about 50% of cases, 
well-developed granulomas are associated with the in- 
flammatory infiltrate, and when present have been asso- 
ciated with an improved outlook for the patient.'®%® In about 
25% of cases, Mallory bodies are seen within hepatocytes 
similar to those described in alcoholic hepatitis (p. 919). 
Their significance is obscure and their number does not 
correlate with the severity or progression of the liver disease. 
As already emphasized, in primary biliary cirrhosis there is 
no evidence of obstructive or infectious disease in the major 
extrahepatic bile ducts. 


THE LIVER AND BILIARY TRACT 


CLINICAL COURSE. The signs, symptoms, and labo- 
ratory findings of both secondary and primary biliary 
cirrhosis are those of protracted obstruction to bile flow, 
i.e., progressive jaundice, pruritus, and elevated alka- 
line phosphatase levels. Whereas the secondary variants 


Figure 19-35. Primary biliary cirrhosis. A fibrous scar traversing 
liver (hepatocytes at upper right). Note tangled knots of bile duct 
epithelial cells (arrows) within scar. 


are likely to begin with jaundice, in the primary form 
the pruritus related to retention of bile acids often 
antedates the appearance of jaundice. Accompanying 
the obstructive jaundice are bilirubinuria, decolorization 
of stools, and steatorrhea with associated findings related 
to malabsorption of fats. Fever, right upper quadrant 
pain, and marked leukocytosis may be prominent with 
secondary infectious biliary cirrhosis. In the primary 
pattern, marked hypercholesterolemia may lead to skin 
xanthomas, florid atherosclerosis, and an increased risk 
of myocardial infarction. 

Differentiation of the two basic patterns of the 
disease may be very difficult clinically and even with 
liver biopsy. As mentioned, primary biliary cirrhosis is 
predominantly a disease of middle-aged women. How- 
ever, secondary disease is also encountered more often 
in women, in whom it is probably related to the 
increased frequency of obstructive gallstones. Demon- 
stration of obstruction of the major extrahepatic bile 
ducts by cholangiography or CT scan would strongly 
favor the diagnosis of secondary disease.'* Support for 
the diagnosis of primary biliary cirrhosis would be 
provided by elevated levels of IgM, immune complexes, 
and antimitochondrial antibodies in the serum. Often, 
however, resort must be made to liver biopsy. The 
outlook for the patient depends heavily on the amount 
of scarring found in the biopsy.” 

In contrast to many other forms of cirrhosis, hepatic 
failure and portal hypertension are found infrequently 
early in the course of the disease. Generally the patient 
has a slow, progressive course of worsening jaundice, 
abnormal liver function test results, and manifestations 
related to malabsorption of fat over the span of 10 to 15 
years, until eventually manifestations of liver failure (the 
usual cause of death) appear. At this late stage, spleno- 
megaly, ascites, palmar erythema, spider angiomas, and 
other manifestations common to all the cirrhoses may 
develop. Only infrequently does hepatocellular carci- 
noma supervene. 


CIRRHOSIS ASSOCIATED WITH ALPHA-1- 
ANTITRYPSIN (A1AT) DEFICIENCY 


The association of AlAT deficiency with pulmonary 
disease and the nature and inheritance of AlAT have 
already been discussed on page 721. It is sufficient to 
recall that this major serum protease inhibitor is a 
glycoprotein synthesized in the liver whose physiologic 
function, although still uncertain, may be the control of 
proteases released at sites of cell injury and inflamma- 
tion. At least 26 protease inhibitor (Pi) codominant 
alleles, labeled alphabetically, have been identified. The 
common, normal phenotype is homozygous for the M 
allele (Pi MM) resulting in normal plasma A1AT levels. 
The “classical” deficiency state is designated Pi ZZ, 
having 10 to 15% of the normal plasma level. Pi MZ 
heterozygotes have an intermediate deficiency of A1AT, 
as do Pi SS homozygotes. A rare variant, termed Pi 
null, characterized probably by a gene deletion, has no 


detectable Al1AT in the plasma. With a deficiency of 
A1AT, round-to-oval cytoplasmic globular inclusions 
appear within hepatocytes that immunocytochemical 
methods confirm are antigenically similar or identical to 
AIAT (Fig. 19-36). In routine tissue stains, such as H 
and E, the globules are acidophilic and indistinctly 
demarcated from the surrounding cytoplasm. However, 
they are strongly PAS positive (and diastase resistant), 
which enhances their visualization. Characteristically, 
these inclusions are scattered throughout the cytoplasm 
and do not displace the nucleus but, when numerous, 
may coalesce into a single, large globule pushing the 
nucleus to one side. By electron microscopy they lie 
within smooth, and sometimes rough, endoplasmic re- 
ticulum.” The globules are most numerous in the Pi 
ZZ phenotype, but are also present in diminished size 
and number in heterozygous MZ patients and others 
with intermediate deficiency states. 

The hepatic syndromes associated with A1AT defi- 
ciency are extremely varied and enigmatic. They range 
from neonatal hepatitis to childhood cirrhosis to cirrhosis 
that only becomes apparent late in life when the liver 


Figure 19-36. Alpha-1-antitrypsin deficiency. PAS stain of liver. 
The characteristic cytoplasmic granules (arrows) vary markedly in 
size. (Courtesy of Dr. R. A. DeLellis, Pathology Department, Tufts 
Medical School, Boston.) 
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scarring is well advanced.”” It is puzzling that many Pi 
ZZ neonates never develop liver disease. With the 
remainder the involvement ranges from overt hepatitis 
with cholestatic jaundice, either beginning at birth or 
only three to four months later, to subclinical hepatitis 
to merely laboratory evidence of abnormal liver func- 
tion.” The hepatitis may subside with apparent com- 
plete recovery or may lead to cirrhosis.* Often the 
hepatic involvement is not discovered until cirrhosis has 
already developed. In adults the association between 
specific Pi phenotypes and liver disease is even less 
clear. Chronic hepatitis or cirrhosis (negative for hepa- 
titis B surface antigen, but positive for the characteristic 
inclusions) was identified in adults having ZZ, MZ, SZ, 
MS, and even MM phenotypes.” It appears, therefore, 
that not only the Pi ZZ but also heterozygous deficiency 
states are vulnerable to this form of liver injury, as is 


the rare MM individual with apparent normal levels of 
AIAT. 


Liver 


Neonatal hepatitis is described later (p. 940) and it is 
sufficient to note that the histologic manifestations vary from 
active inflammatory disease to a form of almost “pure” 
cholestasis resembling biliary tract obstruction.?° 

Childhood cirrhosis, as noted, may appear with or 
without an antecedent history of neonatal hepatitis. It takes 
the form of a micronodular cirrhosis, but in a few cases, with 
progression of the condition, a macronodular pattern has 
emerged. The diagnostic feature is the characteristic pres- 
ence of A1AT globules within hepatocytes. 

Adult cirrhosis may be micronodular, but in most 
cases, presumably with progression of the disease, a mac- 
ronodular pattern appears. The fibrous scarring is irregular, 
expanding and interconnecting portal tracts, sometimes iso- 
lating individual lobules or at other times enclosing many 
adjacent lobules. Frequently, piecemeal necrosis reminis- 
cent of hepatitis B can be identified in the periportal regions 
where the globules are most prominent. Infrequently, fatty 
change and Mallory bodies are present. Rarely, hepatocar- 
cinoma complicates the liver disease in adults.?°’ 


The role of the deficiency and subsequent accu- 
mulation of A1AT in the induction of the liver disease 
is not clear. It is significant that patients who are Pi 
null have no detectable AlAT in the plasma and no 
characteristic globules within hepatocytes, and show no 
clinical, laboratory, or histopathologic evidence of liver 
disease. Although this would suggest that the accumu- 
lation of antiprotease within hepatocytes is damaging, 
numerous inclusions may be present in completely 
viable cells, arguing against direct cytotoxicity. Contrari- 
wise, globules may not be evident in individuals with a 
deficiency state and well-developed hepatic disease. 
Moreover, hepatic AlAT inclusions may be present in 
marked deficiency states, without detectable liver dis- 
ease. An attractive, although still unproved, hypothesis 
suggests that inflammatory reactions resulting from gut- 
derived bacteria or from hepatotoxins may be exagger- 
ated with deficiencies of protease inhibitors to thus 
ascribe to the liver cell globules and deficiency state 
only a potentiating role.” 
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CIRRHOSIS OF WILSON’S DISEASE 
(HEPATOLENTICULAR DEGENERATION) 


THE LIVER AND BILIARY TRACT 


Wilson’s disease is an inherited autosomal recessive 
disorder of copper metabolism. The fundamental defect 
appears to be an impairment in the hepatic excretion of 
the metal, which leads to the accumulation of toxic 
levels. The major anatomic and clinical consequences 
are (1) liver damage in the form of either active hepatitis 
or cirrhosis; (2) degenerative changes in the brain, 
particularly in the lenticular nuclei—hence, the syn- 
onym for this condition: hepatolenticular degeneration; 
and (3) a pathognomonic deposit of copper in the limbus 
of the cornea, producing a green-brown Kayser- 
Fleischer ring. These changes rarely become evident in 
patients under 5 to 10 years, the time required for the 
accumulation of injurious levels of copper. About 50% 
of untreated patients remain asymptomatic until adoles- 
cence. The tissue accumulation of copper is most rapid 
in the liver, but eventually the brain and cornea become 
burdened. Thus, this condition comes to attention most 
often because of the liver involvement. Frequently its 
presence in childhood or adolescence as an acute, or 
even fulminating, lethal hepatitis is readily mistaken for 
viral hepatitis. More often there is the insidious onset 
of chronic active hepatitis, which directly progresses 
over the span of years to cirrhosis. On the other hand, 
the hepatitis may apparently remit and remain asymp- 
tomatic for years to decades only to be followed much 
later by cirrhosis. Indeed, in some instances, the cir- 
rhosis is discovered in middle-to-later life without a 
previous history of hepatitis. Alternatively, the hepatic 
involvement may remain covert and the first manifes- 
tations are neurologic or psychiatric abnormalities, usu- 
ally accompanied by Kayser-Fleischer rings. 

PATHOGENESIS. Like iron, free copper has the po- 
tential of causing cell injury by the production of free 
radicals. In Wilson’s disease, toxic levels of copper 
accumulate primarily in the liver, brain, and cornea 
because absorption continues but excretion is impaired. 
Although normally a small amount of copper is excreted 
in the urine, most is excreted in the bile, and some 
defect in biliary excretion is thought to underlie Wilson’s 
disease. Thus, individuals with this condition are unable 
to balance output with intake. In a sense, then, the 
metabolic defect in Wilson’s disease is diametrically 
opposed to that in idiopathic hemochromatosis, in which 
excessive intake underlies the accumulation of iron. 
Normally, copper absorbed from the upper gastrointes- 
tinal tract is transported to the liver loosely bound to 
albumin and perhaps to amino acids. These complexes 
are dissociated at the plasma membranes of hepatocytes 
and the copper is transferred into the cell where it is 
bound to copper-associated proteins, also known gener- 
ically as heavy metal-binding metallothioneins, that 
allow safe storage of toxic heavy metals. Some is incor- 
porated within hepatic enzymes, notably superoxide 
dismutase. Another copper-associated protein synthe- 
sized in the liver is an alpha-2-globulin known as apo- 
ceruloplasmin that, when bound to copper, forms cer- 


uloplasmin. Ceruloplasmin is released into the plasma, 
accounting for 90 to 95% of total plasma copper, and is 
recycled to the liver, where it is degraded within 
lysosomes with release of the copper, which is then 
excreted in the bile. The remainder of the plasma copper 
is loosely bound to albumin and is sometimes called 
“free” copper. It is this fraction that is cytotoxic. 

Against this background of normal metabolism, the 
following abnormalities have been observed in Wilson's 
disease: (1) the concentration of copper in the bile is 
significantly below normal; (2) there is a striking increase 
in the hepatic copper concentration, but it is often 
difficult to document by histochemical methods because 
the copper-protein complexes do not aggregate and 
become incorporated within lysosomes as visible gran- 
ules;?" (3) in most cases there is some reduction of the 
serum ceruloplasmin level below normal; (4) the amount 
of toxic “free” copper within the serum is increased, so 
that the total serum copper approaches the normal level; 
and (5) with expansion of the plasma free copper com- 
partment, there is significantly increased urinary excre- 
tion of copper. Numerous attempts have been made to 
explain these abnormalities, including deficient synthe- 
sis of ceruloplasmin, or a lysosomal catabolic defect 
impairing cleavage and biliary excretion of copper, but 
both proposals fail to satisfy the observed findings. A 
new and intriguing concept invokes the production of a 
copper-associated protein or metallothionein, which has 
an abnormal avidity for copper.”!°?!! The following 
might then occur. Because of its high affinity for copper 
there is reduced transfer to ceruloplasmin, accounting 
for the characteristic low levels in the plasma. Metallo- 
thionein-copper complexes in hepatocytes might form 
insoluble aggregates that resist incorporation within 
lysosomes, which appears to be requisite for cleavage 
of the protein-copper complexes prior to biliary excre- 
tion. With accumulation, free copper may be released 
within the cytoplasm of the hepatocyte and simultane- 
ously may leak into the blood. The toxic copper then 
produces free radicals that ultimately mediate the cell 
injury. Attractive as this proposition may be, it is still 
conjectural. It does not explain why lysosomal incorpo- 
ration is critical to excretion nor why cell damage is 
limited to the liver, brain, and sometimes kidney. Thus, 
there is still much speculation about the origins of 
Wilson’s disease but, whatever the defect may be, it 
has been corrected by liver transplant. 


MORPHOLOGY. Three basic morphologic patterns of 
liver disease can be identified: (1) fatty change accompanied 
by mild portal inflammation and unicellular necrosis, (2) 
chronic active hepatitis, and (3) cirrhosis.?'? It seems reason- 
able to assume that these are merely stages in progression. 
Thus, it is believed that all patients with Wilson’s disease, if 
they survive long enough, will develop cirrhosis. In the 
presymptomatic phase of the liver involvement, a dominant 
alteration is microvacuolar fatty change in the hepatocytes 
(resembling Reye’s syndrome—p. 941), sometimes accom- 
panied by ballooned nuclei filled with glycogen. In addition, 
there may be a minimal portal infiltrate of lymphocytes and 
swelling or necrosis of single random cells. Electron micro- 
scopic studies have revealed pleomorphic distortion of mi- 


tochondria, increased matrix density, and a curious separa- 
tion of the inner and outer lamellae of the bounding 
membrane. Although increased amounts of copper can be 
identified biochemically, granular lysosomal aggregation of 
copper may or may not be evident by such histochemical 
techniques as rubeanic acid or rhodanine staining. 

The chronic active hepatitis of Wilson’s disease 
bears many resemblances to that of viral origin. Degenera- 
tion and necrosis of random hepatocytes; piecemeal necro- 
sis most evident in the periportal region; marked inflamma- 
tory infiltration of the portal triads by lymphocytes, plasma 
cells, and occasional neutrophils with extension beyond the 
limiting plate; and progressive extension of fibrous tissue 
from the triads into the parenchyma, are all superimposed 
on the earlier morphologic changes. Cholestatic changes 
also are usually present but may be minimal. The earlier 
comments about increased copper in the liver are equally 
applicable to this phase of the disease. 

The cirrhosis may be micronodular, macronodular, or 
some hybrid of these two patterns. It is likely that, like 
alcoholic cirrhosis, it begins as a micronodular disease and 
then with progression is converted into macronodular scar- 
ring reminiscent of postnecrotic cirrhosis. Whatever the 
pattern of nodularity, the color of the liver remains unchanged 
and its size may be near normal or may show a slight 
reduction in weight. Accompanying the scarring of variable 
intensity, there is a prominent portal inflammatory infiltrate, 
partly mononuclear and partly polymorphonuclear, along with 
proliferation of periportal cholangioles and minimal-to-mod- 
erate cholestasis. Vestiges of chronic active hepatitis such 
as piecemeal necrosis and fatty change may persist from 
earlier phases of the disease. The hepatocytes often contain 
marked amounts of lipofuscin. Mallory bodies can be iden- 
tified in about half of the cases. At this stage the liver usually 
is heavily burdened by aggregated copper within lysosomes, 
which can usually be identified by special stains, principally 
in the periphery of the nodules. 

If the liver disease does not prove fatal, brain involve- 
ment usually develops. The principal findings consist of 
cavitations in the lenticular nucleus, in the thalamus, and 
rarely in the dentate nucleus of the cerebellum. When 
cavitation is not present, there is often brownish discoloration 
and atrophy of the nuclear masses mentioned. Histologically, 
neuronal and astrocytic degeneration and death may be 
widely dispersed but are mast prominent in the margins of 
the cavitated foci. Simultaneously, perhaps as a regenerative 
mechanism, there is an increase in the size and number of 
protoplasmic astrocytes throughout the brain, maximally in 
the lenticular nucleus, particularly in relation to the cavita- 
tions. The thalamus, red nucleus, and dentate nucleus of 
the cerebellum are similarly affected. Nerve fiber degener- 
ation may appear in these same sites. Staining for copper 
may show an increased pericapillary deposition in loci of 
maximal injury. 

The Kayser-Fleischer rings are the result of an 
accumulation of brown granules of copper in Desce- 
met’s membrane close to the limbus of the cornea. 
These rings, which constitute one of the most distinctive 
Clinical features of the disease, are usually readily evident 
to the naked eye but may require slit-lamp examination. 

The renal tubules in some patients exhibit the changes 
described as nephrotoxic acute tubular necrosis on page 
1027. 


CLINICAL Course. The diagnosis of this condition 
may be readily evident when hepatic and neurologic 
disease are accompanied by the classic Kayser-Fleischer 
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rings. However, the time sequence of these changes 
must be kept in mind. Earlier in the course there may 
only be manifestations related to liver involvement, or 
the hepatic lesion may be totally silent, with only 
neurologic or psychiatric signs and symptoms present. 
These manifestations are always accompanied, however, 
by the eye changes. With well-advanced cirrhosis, man- 
ifestations related to portal hypertension become evi- 
dent and are often accompanied by the other clinical 
features of all forms of advanced cirrhosis, such as spider 
angiomas, gynecomastia, hypoprothrombinemia, and so 
forth. Whatever the clinical presentation, confirmation 
of a deficiency of serum ceruloplasmin, increased uri- 
nary excretion of copper, and, when all else is uncertain, 
an increase in chemically identifiable copper in the liver 
biopsy are necessary to establish the diagnosis. 

The natural progression of this condition has been 
dramatically slowed and even stopped by the use of 
penicillamine for the remainder of the patient's life 
(increasing urinary excretion of the metal). The effec- 
tiveness of this therapy requires that all siblings and 
children of affected individuals, as well as blood rela- 
tives, be screened for the possible presence of early 
asymptomatic disease. Even heterozygotes retain exces- 
sive amounts of copper, albeit more slowly than homo- 
zygotes, and so carry an increased risk of developing 
Wilson's disease.” 


Liver 


OTHER FORMS OF CIRRHOSIS 


Infrequently, cirrhosis appears in certain clinical 
settings not previously mentioned. Infants and children 
with the inborn metabolic errors galactosemia and ty- 
rosinosis may develop cirrhosis if they survive long 
enough. Uncommonly, severe cardiac sclerosis (p. 898) 
becomes sufficiently marked to justify the designation 
“cardiac cirrhosis.” Even more uncommonly, the des- 
moplastic reaction excited by a diffusely infiltrative 
cancer of the liver (primary or secondary) creates a 
carcinomatous cirrhosis or pseudocirrhosis disease. 
Congenital syphilis, happily now a rare disease, causes 
diffuse interstitial scarring of the liver that may mimic 
cirrhosis. In the adult, multiple hepatic gummas in 
tertiary syphilis may, in time, give rise to contracted 
scars that produce deep creases in the surface of the 
liver. This pattern of involvement is called hepar loba- 
tum, but does not constitute a valid form of cirrhosis 
because the large tracts of intervening hepatic paren- 
chyma are unaffected (Fig. 19-37). Infections caused by 
Clonorchis sinensis and other liver flukes, which pref- 
erentially invade the larger bile ducts within the liver, 
may cause sufficient obstruction to mimic or induce 
secondary biliary cirrhosis. Sometimes the portal venous 
branches are invaded by the periductal] inflammatory 
reaction, adding an element of ischemia to the inflam- 
matory process. Cirrhosis has also been observed in 
patients with inflammatory bowel disease. The genesis 
of this hepatic involvement is uncertain, but malnutri- 
tion, spread of organisms or bacterial antigens to the 
liver, and progressive pericholangitis have been impli- 
cated. 


THE LIVER AND BILIARY TRACT 
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Figure 19-37. Hepar lobatum. Liver substance cut up into coarse 
lobes by deep furrows. 


After all the major categories of cirrhosis and the 
rare instances of known causation have been excluded, 
there remain 15 to 60% of cases of completely obscure 
origin, referred to as cryptogenic cirrhosis.” *° The 
magnitude of this “wastebasket” and its variable size in 
reported series speak eloquently to the differences in 
criteria employed in the categorization of diverse forms 
of cirrhosis and the general lack of understanding of the 
origins of many cases of cirrhosis. 


BENIGN TUMORS AND NODULAR 
HYPERPLASIA 


The various lesions embraced by this heading are 
all quite rare but have significance because of their 
possible confusion with primary cancer of the liver. 


NODULAR HYPERPLASIA 


These nontumorous nodules may occur singly, or 
multiply, sometimes in such profusion as to create an 
overall nodularity to the liver that may be readily 
mistaken for cirrhosis. It is likely that the solitary nodule 
represents a hamartoma, whereas the multiple nodules 
result from some curious multicentric regenerative hy- 
perplasia. 

The solitary nodule is also called focal nodular 
hyperplasia, despite the fact that it is probably a ham- 
artomatous developmental defect. It occurs as a discrete, 
usually subcapsular, nodule ranging up to several cen- 
timeters in diameter that usually is clearly demarcated 
from the hepatic parenchyma by a thin rim of fibrous 
tissue. Typically, it has a fibrous, stellate center from 
which septa radiate out into the surrounding normal or 


slightly variable hepatocytes. The central connective 
tissue often contains scattered bile ductules and dilated 
vascular sinusoids supporting the hamartomatous nature 
of these lesions. More common in women than in men, 
at one time they were associated with the use of oral 
contraceptives, but the fact that they have not increased 
in incidence since the advent of this form of contracep- 
tion undermines this relationship.*"® 

Multiple nodules within the liver, whether few or 
many, are designated nodular regenerative hyperplasia. 
They vary in size from a few millimeters to several 
centimeters in diameter. Typically they are composed 
of essentially normal cords of hepatocytes separated by 
vascular sinusoids that differ from normal only in the 
loss of the symmetric radial array. The nodules are not 
enclosed by fibrous tissue and are demarcated only by 
a thin rim of collapsed reticular framework resulting 
from compression and atrophy of adjacent hepato- 
cytes.?!’ The etiology of this curious change is entirely 
obscure. Once again, an association has been noted with 
the long-term use of oral contraceptives and anabolic 
androgenic steroids, but the evidence is less than con- 
vincing.”!* For unknown reasons, almost half of all 
reported cases have appeared in patients with Feltys 
syndrome (p. 1355). When the liver is diffusely involved, 
this condition may give rise to portal hypertension, 
sometimes leading to massive bleeding from gastro- 
esophageal varices. It is difficult to establish the diag- 
nosis of nodular regenerative hyperplasia with needle 
liver biopsy because the architecture within the nodules 
is so banal, and often the condition is more apparent 
macroscopically than microscopically. 


LIVER CELL ADENOMA 


The incidence of these benign tumors, once curi- 
osities, has increased since the advent of oral contracep- 
tive pills, but not sufficiently to remove them from the 
rare category.”'? Estrogens, you recall, may serve as 
promoters in the induction of at least certain forms of 
malignant neoplasia in both humans and animals. They 
are also enzyme inducers. Whether either of these 
activities has any relevance to the induction of liver cell 
adenomas is unknown. 


Adenomas are pale yellow-white, frequently bile-stained 
nodules, found anywhere in the hepatic substance but often 
beneath the capsule. They range from several centimeters 
up to 30 cm in diameter. Although they are usually well 
demarcated, encapsulation may not be grossly evident. On 
occasion, peripheral pseudopods project into the normal 
liver substance, creating the false impression of malignant 
invasion. Histologically adenomas are composed of sheets 
and cords of cells that may be entirely normal in appearance 
or have some variation in cell and nuclear size. Sometimes 
the cells have cleared cytoplasm. Prominent in these tumors 
are abnormally disposed, dilated vascular sinusoids, but bile 
ducts are usually absent. A capsule that ranges from delicate 
collapsed reticulin to well-defined connective tissue usually 
separates the lesion from the surrounding normal paren- 


chyma, but it may be deficient in places and indeed be 
entirely lacking in some adenomas. 


Adenomas have clinical significance for two reasons: 
(1) when they present as an intrahepatic mass they are 
readily mistaken for more ominous hepatocellular car- 
cinomas; and (2) subcapsular adenomas have a tendency 
to rupture, particularly during pregnancy, and cause 
severe intraperitoneal hemorrhage. ””° 


OTHER BENIGN TUMORS 


Several generally insignificant lesions merit brief 
mention. Cavernous hemangiomas, identical to those 
occurring in other parts of the body, sometimes produce 
discrete, red-blue, soft nodules, usually less than 1 to 2 
cm in diameter. They are readily mistaken for small foci 
of hemorrhage, particularly when subcapsular. Bile duct 
adenomas are firm, pale, discrete nodules, rarely over 
1 cm in diameter. Unlike the liver cell adenoma, they 
are almost never bile stained. Histologically they are 
composed of epithelial-lined channels or ducts separated 
by a scant-to-abundant connective tissue stroma. Since 
they often lack well-developed capsules, many consider 
them to be hamartomas. Cysts may occur singly or 
multiply. The single cyst, interpreted as a benign neo- 
plasm, may achieve a diameter of 5 to 10 cm. They 
contain clear serous fluid and are lined by flattened, 
atrophic, bile duct—like epithelial cells that can become 
sufficiently attenuated to be inapparent. More often 
there are multiple developmental smaller cysts ranging 
up to 3 to 4 cm in diameter (Fig. 19-38). The cuboidal 
lining is generally more apparent in such lesions and 
resembles that of bile ductules. Some contain brown- 
green concretions, possibly representing inspissated 
bile. It is likely that polycystic liver disease is develop- 
mental in origin, borne out by its well-defined associa- 
tion with polycystic kidney disease. 


Figure 19-38. A, Congenital cysts of liver, showing numerous subcapsular cysts. B, Microscopically, 
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MALIGNANT TUMORS 


The liver and lungs share the dubious distinction 
of being the visceral organs most often involved in the 
metastatic spread of cancers. Thus, the overwhelming 
majority of cancers in the liver are metastases, most 
commonly from carcinomas of the breast, lung, and 
colon. By contrast, primary carcinomas of the liver are 
relatively uncommon in North America and Western 
Europe. However, these primary malignant neoplasms 
are very prevalent in other countries and, on a global 
basis, primary carcinoma of the liver is probably the 
most common visceral malignant tumor in males.””! 


PRIMARY CARCINOMA OF LIVER 


There are basically two types of primary carcinoma 
of the liver: one is of the hepatocyte line and is called 
hepatocellular carcinoma (HCC) or liver cell carcinoma; 
the other, composed of bile duct epithelium, is desig- 
nated cholangiocarcinoma. Very infrequently a neo- 
plasm appears to share characteristics of both lines— 
the hepatocholangiocarcinoma—possibly because it 
arises in more primitive cells capable of differentiating 
in both directions. HCC, grievously sometimes still 
called a hepatoma, accounts for about 90% of all primary 
liver cancers. Virtually all the remaining 10% are cho- 
langiocarcinomas; the mixed pattern is very uncommon. 
There has been a recent upsurge of interest in HCC for 
several reasons: (1) the striking differences in its world- 
wide distribution; (2) the existence of new insights into 
potential causative influences; and (3) the possibility that 
interventions now available could reduce the incidence 
of this form of cancer. There is now substantial evidence 
that, in addition to a well-defined association with 
cirrhosis of the liver, there is an even closer connection 
between the hepatitis B virus (HBV) and liver cell 
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cysts are surrounded by fibrous tissue and lined by cuboidal epithelium. 


936 THE LIVER AND BILIARY TRACT 


carcinoma. Thus, the hope arises that immunization 
with hepatitis B vaccine may be preventive. 

EPIDEMIOLOGY. The disparity in the frequency of 
HCC between high-risk and low-risk countries can only 
be described as dramatic (30- to 40-fold). It is the most 
frequent type of cancer in many parts of Asia and Africa: 
Mozambique, 70% of all carcinomas; Senegal, 67%; 
Bantus in South Africa, 50%; India, China, Taiwan, and 
the Philippines, each 20%.” In contrast, HCC in the 
United States, Canada, and Western Europe represents 
about 2 to 3% of all carcinomas. There is a remarkable 
concordance in high-risk areas between the prevalence 
of HCC and infection by HBV. In such locales, markers 
of HBV are almost always present in patients with the 
neoplasm. Moreover, the disease tends to be fulminant 
and to occur in those under the age of 40, and the 
male:female ratio is approximately 3:1. In contrast, in 
low-risk areas such as the U.S. and Western Europe, 
markers for HBV are found in less than half of the 
patients, the neoplasm tends to occur in cirrhotic elderly 
men (male:female ratio about 9:1), and it runs a subacute 
course.”3 In low-risk countries there is a very much 
smaller peak in HCC incidence in children who usually 
have otherwise normal livers. _ 

ETIOLOGY AND PATHOGENESIS. One cannot look at 
the epidemiologic data without strongly suspecting a 
causal role for HBV infection in the genesis of liver cell 
carcinoma. The supporting evidence is voluminous and 
can only be sampled here. There is the concordance in 
high-risk locales between the prevalence of the two 
diseases and the extremely high frequency (approaching 
90%) of serologic viral markers such as HBV surface 
antigen (HBsAG) or antibody to core antigen in patients 
with the cancer. The presence of HBsAG implies per- 
sistent infection such as is characteristic of carriers and 
chronic active hepatitis.** In high-incidence locales, 
many chronic carriers derive their infection vertically in 
the perinatal period from carrier mothers. Infection so 
early in life might reasonably contribute to the neo- 
plasm’s appearance at a younger age in such populations. 
More direct evidence is the finding in chronic carriers 
of HBV surface antigen in both normal liver cells and 
cancer cells, and (significantly) viral DNA sequences in 
the genome of these cells.*” ”° It thus appears that this 
virus, like other known oncogenic viruses, is able to 
integrate all or part of its genetic information into a host 
cell. Were all this evidence not enough, there is an 
animal model of HCC that appears to be caused by an 
agent closely related to HBV. Woodchucks have a high 
frequency of chronic active hepatitis and hepatocellular 
carcinomas; viral particles closely resembling those seen 
in humans with HBV infection have been identified in 
some of the neoplasms; and viral sequences have been 
identified in the DNA of the tumor cells in two neo- 
plasms. The viral core and surface antigens in the two 
species have antigenic cross reactivity.””’ As a further 
test for the causal role of HBV infection, a large series 
of asymptomatic chronic carriers are now being followed 
for the possible development of hepatocellular carci- 
noma.”* After three to five years of follow-up, 61 cases 


of HCC have appeared among 3400 chronic carriers, 
but only one tumor among 19,000 noncarriers. The 
evidence implicating HBV grows stronger every day. 

The dominating importance of HBV infection does 
not preclude a role for cirrhosis in the development of 
HCC. In low-risk locales such as the U.S. where per- 
sistent HBV infection is relatively infrequent, about 80 
to 90% of liver cell carcinomas arise in cirrhotic livers. 
The risk with certain forms of cirrhosis is extremely 
variable, but is particularly high in chronic active hep- 
atitis B converting to postnecrotic cirrhosis (15 to 25%) 
and pigment cirrhosis (15 to 30%). It is considerably 
lower in alcoholic cirrhosis (8 to 5%), perhaps because 
the natural course of this disease is relatively short. 
Overall, in countries where infection with HBV is 
relatively infrequent, the conversion rate of cirrhosis is 
in the range of 5 to 15%. Where HBV infection is near 
universal, the rate of conversion of cirrhosis to cancer 
approaches 50%.” This contrast in conversion rates 
may relate to the fact that chronic active viral hepatitis 
is the most frequent cause of cirrhosis where the HBV 
is prevalent, whereas alcoholic cirrhosis predominates 
in Western cultures. The reason why cirrhosis and 
particularly certain types predispose to HCC is not 
clear. Chronic regenerative activity may be involved, 
but it is equally likely that the damaged liver is rendered 
more vulnerable to environmental carcinogens.”” It 
should be noted, however, that about 10% of patients 
with hepatocellular carcinoma, particularly children, do 
not have cirrhosis. 

Still other influences may contribute to the devel- 
opment of hepatocellular carcinoma. There are many 
reports of an increased incidence with the use of oral 
contraceptives and androgenic steroids.”* Aflatoxin B,, 
a documented hepatocarcinogen in rats, fowl, and fish, 
has long been suspected to contribute to the high 
prevalence of liver cell cancer in tropical parts of the 
world, where improperly stored grains and nuts are 
frequently contaminated by Aspergillus flavus. It has 
always been assumed that the mycotoxin or its metab- 
olites serve as chemical initiators of the cancer.) In 
1979, however, it was proposed that aflatoxin suppresses 
cell-mediated immunity and so favors the development 
of persistent HBV infections.”? Other plant derivatives 
such as cycasin and pyrrolizidine, found in “bush tea,” 
have been implicated without strong proof. 

None of the influences related to HCC have any 
bearing on the development of cholangiocarcinoma. No 
association has been identified among cholangiocarci- 
noma and HBV, cirrhosis, or the exogenous putative 
carcinogens mentioned above. The only recognized 
causal influences for this form of cancer are previous 
exposure to Thorotrast (formerly used in radiography of 
the biliary tract) and invasion of the biliary tract by liver 
flukes, Clonorchis sinensis and its close relatives. 


MORPHOLOGY. Any one of the histologic variants of 
primary liver carcinoma mentioned earlier—the HCC, cho- 
langiocarcinoma, or the mixed pattern—may appear grossly 
as: (1) a unifocal, usually large mass; (2) multifocal, 


apparently disconnected, widely distributed nodules; or (3) 
a diffusely infiltrative cancer, permeating widely or some- 
times involving the entire liver.?° All three patterns may 
cause liver enlargement (2000 to 3000 gm), particularly the 
unifocal massive and multinodular patterns, which also often 
produce clinically palpable irregularity of the liver edge. 
When discrete masses can be seen, they are basically 
yellow-white; when they are large they are often punctuated 
by areas of hemorrhage or necrosis (Fig. 19-39). The diffuse 
pattern may blend in deceptively with the cirrhotic back- 
ground. Hepatocellular carcinomas sometimes take on a 
green hue when composed of well-differentiated hepa- 
tocytes capable of secreting bile. Cholangiocarcinomas 
are rarely bile stained, except possibly for peripheral dif- 
fusion of pigment from the surrounding hepatic substance, 
because differentiated bile duct epithelium does not synthe- 
size bile. Infrequently with HCC, but very often with cholan- 
giocarcinoma, the tumor substance is extremely firm and 
gritty, related to a dense desmoplasia. All patterns of HCC 
have a strong propensity for invasion of vascular chan- 
nels. Sometimes the intravascular neoplasm extends in a 
long, snakelike mass into the portal vein or hepatic vein, 
and even into the inferior vena cava and right side of the 
heart. 

The histology of HCC is given first. These cancers 
range from well-differentiated to highly anaplastic undiffer- 
entiated lesions. The well- and moderately well-differentiated 
forms are composed of tumor cells, recognizable as hepa- 


Figure 19-39. Hepatocellular carcinoma complicating pigment cir- 
rhosis. Tumor thrombus in branch of portal vein (arrow). 


Figure 19—40. Hepatocellular carcinoma, moderately well-differen- 
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tiated. Advancing margin of mass is indicated by arrow. Tumor cells 
have moderate variation in cell and nuclear size and shape but 
retain a remarkable resemblance to normal liver cells, seen at upper 
left. 


tocytic in origin (Fig. 19—40). There is the usual variation in 
cell and nuclear size, prominent nucleoli, and occasional 
mitotic figures. The cytoplasm basically resembles that of 
the normal hepatocyte and in some instances contains 
inclusions of bile pigment. The differentiated cells are dis- 
posed either in a trabecular (sinusoidal) or an acinar (tubular) 
pseudoglandular pattern. The trabeculae are made up of 
several layers of tumor cells, separated by vascular channels 
(bearing some resemblance to sinusoids) embedded within 
a connective tissue sheath. In the acinar or pseudoglandular 
pattern, the differentiated tumor cells are often disposed 
about lumens, creating the pseudoglandular pattern. Some- 
times these lumens contain plugs of inspissated bile. An 
uncommon variant of the well- to moderately well-differen- 
tiated HCC is made up of “clear cells” because of the high 
content of cytoplasmic glycogen. Such tumors bear a strong 
resemblance to clear-cell renal carcinomas. Differentiated 
tumor cells often form abortive bile canaliculi, complete with 
microvilli. 
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Poorly differentiated forms of HCC present a wide range 
of histologic patterns that can be characterized as pleo- 
morphic giant cell or small, completely undifferentiated cell 
or spindle cell. The giant cell neoplasm may be totally 
anarchic with sheets of wild-looking cells (having abundant 
cytoplasm) and often bearing multiple nuclei and atypical 
mitoses. Areas of ischemic necrosis are frequent in such 
lesions. The spindle cell variant may mimic a sarcoma, and 
indeed often has an abundant fibrous stroma separating the 
parenchymal cells. Sometimes the stroma is sufficiently 
vascularized to resemble an angiosarcoma. Bile formation 
in such undifferentiated lesions is uncommon. Vascular 
invasion is a common finding in all forms of HCC. 

A number of additional features may be present in HCC, 
more often in the well-differentiated variants. Occasionally 
cytoplasmic inclusions, typical of Mallory’s alcoholic hyalin, 
are found. When persistent hepatitis B infection is present, 
the tumorous hepatocytes may have ground-glass cytoplasm 
and contain (with immunofluorescent or immunoperoxidase 
techniques) large amounts of hepatitis B surface antigen. 
Immunohistochemical staining also reveals A1AT in tumor 
cells in 70 to 75% of cases despite the absence of an 
apparent A1AT deficiency state in the patient.2* Alpha- 
fetoprotein (AFP) can be identified in 50 to 90% of tumors, 
and carcinoembryonic antigen in 30%. The most reliable 
features of HCC are bile pigment within tumor cells or, on 
electron microscopic examination, the formation of bile can- 
aliculi. 

Cholangiocarcinomas have a more |imited histologic 
range. Most are well-differentiated sclerosing adenocarci- 
nomas with clearly defined glandular and tubular structures 
lined by somewhat anaplastic cuboidal-to-columnar epithelial 
cells. These neoplasms are often desmoplastic, so that 
dense collagenous stroma separates the parenchymal ele- 
ments. Occasionally, microcysts are formed into which may 
project branching papillary structures covered by epithelial 
cells. Mucus is frequently present within cells and the lu- 
mens, but not bile. Thus, in needle biopsies these neoplasms 
may be extremely difficult to differentiate from metastatic 
adenocarcinomas. Vascular invasion is less common with 
cholangiocarcinomas than with HCC and, when present, 
takes the form of lining of vessels by cancer cells rather 
than the solid cords of neoplasm seen with HCC. There is 
no association other than coincidence with preexisting cir- 
rhosis, nor with HBV antigens or AFP. 

The HCC and the cholangiocarcinoma differ somewhat 
in their patterns of spread. Hematogenous metastases to 
the lungs, bones (mainly vertebrae), adrenals, brain, or 
elsewhere are present at autopsy in about 50% of cases of 
cholangiocarcinoma. Hematogenous metastases are less 
frequent with HCC and may not be present despite clear 
evidence of venous invasion, attributed to the short survival 
with this form of cancer. Lymph node metastases to the 
perihilar, peripancreatic, and para-aortic nodes above and 
below the diaphragm are found in about half of all cholan- 
giocarcinomas and less frequently with HCC. An even more 
distinctive difference is the tendency (about 5% of cases) 
for HCC to penetrate the liver capsule directly and extend 
into the diaphragm, right chest wall, and pleural and perito- 
neal cavities. This pattern of spread sometimes causes 
severe intraperitoneal bleeding. 


CLINICAL Course. Hepatocellular carcinomas are 
rarely detected early in their development because so 
often their initial signs and symptoms merge into the 
background of preexisting chronic liver disease, such as 


chronic active hepatitis and cirrhosis. Indeed, survival 
after diagnosis is usually less than six months. There 
are, however, uncommon reports of successful resection 
of monofocal hepatocellular carcinomas and cholangio- 
carcinomas. When HCC comes to attention it is usually 
because of rapid enlargement of the liver, with pain or 
tenderness or rapid deterioration of liver function. Other 
characteristic findings are a friction rub or bruit over 
the liver and bloody ascites. Weight loss, fever, poly- 
cythemia (ectopic production of erythropoietin), and 
hypoglycemia related to extensive destruction of hepatic 
parenchyma are sometimes present. Occasional neo- 
plasms, more often cholangiocarcinomas, have a more 
indolent course and are discovered because of pain or 
nodular enlargement of the liver. Some of these cancers 
announce themselves by massive intraperitoneal or gas- 
trointestinal bleeding. Angiography, isotopic liver scans, 
and CT scans are highly useful in diagnosis, but cannot 
differentiate primary from secondary tumors, nor benign 
from malignant tumors. As mentioned, AFP is found in 
the serum of 50 to 90% of patients with HCC. Elevated 
serum levels of AFP are also encountered with cancers 
arising from yolk sac remnants, and less regularly with 
germ cell tumors of the testis and ovary and cancers of 
the stomach and pancreas. Moreover, elevated levels 
are also encountered with non-neoplastic conditions 
including cirrhosis, massive liver necrosis, chronic hep- 
atitis, normal pregnancy, fetal distress or death, and 
fetal neural tube defects such as anencephaly and spina 
bifida. This tumor marker lacks specificity, but the level 
of rise is greatest with HCC. Although reports vary, 
most agree that only rarely do conditions other than 
HCC produce serum levels above 150 to 200 ng/ml. In 
contrast with HCC, the level often exceeds 2000 ng/ 
ml.#° HCC also rarely produces such ectopic products 
as carcinoembryonic antigen, chorionic gonadotropin, 
Regan isoenzyme, and erythropoietin. 

Most patients with primary liver cancers die of 
hepatic failure or gastrointestinal bleeding from esoph- 
ageal varices (probably related to the underlying cirrho- 
sis). Other significant causes of death include cachexia, 
intercurrent infection, and intraperitoneal hemorrhage. 
The only ray of light in this otherwise dismal scene is 
the possibility of significantly reducing the incidence of 
HCC by immunization of high-risk, populations against 
hepatitis B infection.**° A vaccine has become available, 
but the results of early trials must be awaited.” 


HEPATOBLASTOMA 


As the designation implies, these tumors are com- 
posed at least in part of embryonic cells resembling 
hepatoblasts. Most often discovered in infants within 
the first two years of life and only very uncommonly in 
adults, their overall rarity justifies considerable brevity. 
About one-third have metastasized to lungs, brain, and 
lymph nodes at the time of diagnosis, but they generally 
pursue a more indolent course than primary carcinomas 
of the liver, permitting successful resection when rec- 
ognized. However, differentiation of these masses from 


primary liver carcinomas (which also may arise in chil- 
dren) is difficult but facilitated by the following features: 
(1) frequent association with congenital abnormalities 
such as hemihypertrophy and renal malformations, (2) 
the visualization by x-rays of calcifications within some 
of the neoplasms, and (3) unusually high serum levels 
of AFP. 

There are two types of hepatoblastoma. Both may 
appear as a single large mass or as multiple dispersed 
nodules.*** The epithelial type has a uniform gray-white 
cut surface and is composed of varied proportions of 
embryonal and fetal cells. The embryonal cells are small, 
have scant cytoplasm, and are largely composed of 
round-to-ovoid dark nuclei. They are laid down in 
sheets, but often form rosettes or pseudorosettes anal- 
ogous to those seen in the neuroblastoma. The fetal 
cells have more cytoplasm that may contain fat, glyco- 
gen, or bile, and may bear more resemblance to hepa- 
tocytes. The mixed type of hepatoblastoma has a more 
variegated, gray-tan, hemorrhagic, or bile-stained cut 
surface and often contains gritty foci of apparent calci- 
fication. Histologically, it consists of not only the epi- 
thelial elements described above but also foci of me- 
senchymal differentiation (osteoid, cartilage, striated 
muscle), and ductlike structures sometimes secreting 
mucin. Both variants of hepatoblastoma pursue similar 
courses and lead to death within about one year unless 
successfully resected. 


ANGIOSARCOMA 


This rare form of cancer may occur without known 
predisposing influences, but also is clearly associated 
with previous exposure to vinyl chloride, arsenic, and 
Thorotrast.”° An increased incidence of this form of 
cancer has been reported in industrial workers making 
or using vinyl chloride*° and in vineyard workers ex- 
posed to arsenic-containing insecticide sprays and dusts. 
Thorotrast was once used for radiographic visualization 
of the biliary tract. The interval between exposure and 
appearance of the neoplasm has ranged up to several 
decades. A sequence of preneoplastic liver changes has 
been seen in these individuals. It begins with areas of 
hyperplasia of hepatocytes associated with hyperplasia 
of sinusoidal and Kupffer cells and the deposition of 
perisinusoidal reticulin. Continued proliferation of the 
various cells eventually leads to the formation of blood- 
filled vascular channels lined by anaplastic endothelial- 
like spindled cells or by more plump anaplastic poly- 
hedral cells separated by small-to-large trabeculae of 
similar cells.**! Critical to the diagnosis of angiosarcoma 
is the recognition that the vascular channels are formed 
by and lined by anaplastic tumor cells, rather than by 
mature endothelial cells. Foci of hematopoiesis and 
variable amounts of lymphocytic infiltration are often 
present. Most of these neoplasms are highly aggressive; 
metastasize widely to the lungs, pleura, spleen, lymph 
nodes, bone, and elsewhere; and cause death within 
one year. 
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METASTATIC TUMORS 


As indicated before, metastatic involvement of the 
liver is far more common than primary neoplasia. Al- 
though the most common primaries producing hepatic 
metastases are those of the breast, lung, and colon, any 
cancer in any site of the body may spread to the liver. 
Typically, multiple nodular implants are found that often 
cause striking hepatomegaly (Fig. 19-41). The liver 
weight may exceed several kilos. There is a tendency 
for metastatic nodules to outgrow their blood supply, 
producing central necrosis and umbilication when 
viewed from the surface of the liver. Infrequently a 
solitary metastasis is encountered, small or large, some- 
times in the absence of apparent extrahepatic metas- 
tases. In such bizarre instances, resection may be at- 
tempted, but almost always there are occult foci of 
spread elsewhere, which appear later. It is neither 
possible nor necessary to attempt to characterize the 
range of morphologic patterns produced by the always 
unpredictable metastatic seeding. In general the metas- 
tases replicate the histology of the primary cancer, but 
not infrequently the secondaries are less well differen- 
tiated than the primary, since neoplastic clones having 
the potential for hematogenous dissemination tend to 
be more aggressive and less well differentiated. The 
converse is exceptional. The multiplicity of implants 
usually differentiates secondary from primary involve- 
ment, but there are multinodular primary liver carci- 
nomas and rarely, as noted, unifocal metastases. 

Always surprising is the amount of metastatic in- 
volvement that may be present in the absence of clinical 
or laboratory evidence of hepatic functional insuffi- 
ciency. Often the only clinical telltale sign is hepato- 
megaly, sometimes with nodularity of the free edge. 
However, with massive or strategic involvement (ob- 
struction of major ducts), jaundice and abnormal liver 
function tests may appear. Very useful in establishing 


Figure 19—41. Multiple hepatic metastases from a primary gastric 
carcinoma. 
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the existence of metastases are scintiscans, celiac arte- 
riography, ultrasonography, and CT scans, which in 
varying combinations yield correct diagnosis in about 
95% of cases.” Blind liver needle biopsy yields positive 
results in approximately 50% of cases** and obviously 
depends on the extent of hepatic involvement. Despite 
heroic efforts at selective infusion of antitumor agents 
into the celiac axis, metastases within the liver usually 
spell death within one year. 


MISCELLANEOUS DISORDERS 


A few hepatic disorders do not fit well into any of 
the previous categories and so are included here. 


NEONATAL HEPATITIS (INCLUDING BILIARY 
ATRESIA) 


The term “neonatal hepatitis” is always used in a 
clinical sense to embody all the diseases that result in 
hepatocellular dysfunction or bile duct obstruction in 
the neonate.*** Neonatal hepatitis, therefore, is not a 
specific morphologic entity. The major causative disor- 
ders are listed in Table 19-5. Justification for inclusion 
of all these disorders under the term “neonatal hepatitis” 
comes from the fact that all cause essentially identical 
conjugated hyperbilirubinemia, and all evoke a remark- 
ably similar morphologic lesion resembling viral hepa- 
titis characterized by obstructive and inflammatory 
changes accompanied by parenchymal injury. Even the 
metabolic or obstructive diseases in the neonate cause 


Table 19-5. CAUSES OF NEONATAL HEPATITIS 


Infectious 
Bacterial sepsis 
Syphilis 
Listeria monocytogenes 
Hepatitis B 
Rubella 
Toxoplasmosis 
Herpes simplex 
Cytomegalovirus (CMV) 
Coxsackie virus 
Echovirus 
Adenovirus 


Metabolic/Genetic 
Alpha-1-antitrypsin deficiency 
Cystic fibrosis 
Wilson’s disease 
Galactosemia 
Fructosemia 
Tyrosinemia 


Biliary Tract Abnormalities 
Extrahepatic atresia and hypoplasia 
Choledochal cysts 
Intrahepatic ductular atresia/hypoplasia 


Others 
Hemolytic disease of newborn 
Familial intrahepatic cholestasis (Byler disease) 


parenchymal and inflammatory reactions typical of hep- 
atitis. 

Most of the diseases producing neonatal hepatitis 
have been discussed elsewhere, and so only a few 
explanatory comments follow. Although hepatitis B can 
be transmitted perinatally, overt disease rarely appears 
at birth but usually between the ages of 2 and 5 months. 
It may be acute or even fulminant, but in most instances 
the infection results only in the “healthy” carrier state. 
Among the metabolic disorders, Wilson’s disease, ga- 
lactosemia, and fructosemia, when promptly recognized, 
permit the establishment of appropriate therapy with 
more or less complete restitution of normal liver struc- 
ture and function. The biliary tract abnormalities pre- 
sent a special problem in interpretation. They may take 
the form of hypoplasia or marked atretic narrowing of 
the extrahepatic or intrahepatic ducts. In some in- 
stances, the abnormalities involve both ductal sys- 
tems.2# Debate continues as to whether these disorders 
constitute congenital or acquired anomalies.**° Anatomic 
study of the ducts, whether extrahepatic or intrahepatic, 
often reveals marked inflammatory changes accom- 
panied by fibrosis and narrowing.**” The question 
arises—are such changes secondary to a developmental 
biliary tract defect or are they initiated by some form 
of infection causing, in turn, acquired narrowing or 
obstruction of the ducts? At present it seems impossible 
to resolve this uncertainty, and conceivably both proc- 
esses may contribute. However, it should not be over- 
looked that when the extrahepatic ducts are involved 
without intrahepatic abnormalities, early surgical repair 
may prevent the development of biliary cirrhosis and 
death from hepatic failure. Despite the long list of 
implicated disorders, the basis of neonatal hepatitis is 
very often unknown. 


The morphologic features common to all forms of neo- 
natal hepatitis are: (1) cholestasis; (2) a mononuclear 
infiltrate largely limited to the portal tracts; (3) paren- 
chymal changes ranging from disorganization to ran- 
dom cell necrosis, and prominently the formation of 
multinucleate hepatocytic giant cells; and (4) prolifera- 
tion of bile ductules in many instances. A number of 
ancillary findings may be present depending on the under- 
lying disorder: e.g., characteristic cytoplasmic inclusions of 
alpha-1-antitrypsin deficiency, viral inclusions in CMV, or 
fibrotic narrowing in the extrahepatic or intrahepatic ducts. 
With persistence of the cholestasis, the changes of biliary 
cirrhosis appear in all cases. 


It is impossible to express a prognosis for such 
diverse derangements. On the one hand is intrahepatic 
bile duct atresia or hypoplasia, for example, with no 
form of curative therapy except possibly liver transplan- 
tation; death usually occurs in such instances within one 
year from progressive cirrhosis and liver failure. On the 
other hand are the fortunate cases of neonatal hepatitis 
caused by bacterial infection, in which cure and com- 
plete recovery can be expected. With unremitting neo- 
natal hepatitis, cirrhosis and liver failure will follow 
within one year. 


REYE’S SYNDROME 


Reye's syndrome is an acute, sometimes cata- 
strophic, systemic disorder seen predominantly in chil- 
dren between 6 months and 15 years of age. In full- 
blown cases, it is characterized by an edematous en- 
cephalopathy and striking fatty change in the liver. 
However, it is now apparent that milder expressions of 
the condition, called grade I Reye’s syndrome, are much 
more frequent, are infrequently associated with neuro- 
logic impairment, are nonprogressive, and are almost 
always compatible with recovery.™” Typically, Reye's 
syndrome appears following a mild respiratory tract 
infection or other viral illness, most commonly influenza 
A or B or varicella. Recovery from the viral illness is 
complicated by the onset of severe vomiting and evi- 
dence of liver dysfunction such as elevated SGOT, 
prolongation of prothrombin time, hyperammonemia, 
and sometimes jaundice. In those with more severe 
involvements, progressive obtundation follows, leading 
to delirium, coma, and convulsions. Death occurs within 
a day or two in about 25 to 40% of cases with neurologic 
impairment, from progressive cerebral edema and brain 
herniations. Complete recovery follows in the remainder 
of the severe cases, but neurologic or psychiatric sequel- 
ae unfortunately persist in about one-half of the survi- 
vors.”48 The hepatic dysfunction is less threatening than 
the CNS involvement, and in survivors of mild and 
severe disease normal liver function is usually restored. 

The search for the cause of this condition is now 
intense. Clearly there is some association with viral 
infection. Clusters of cases may erupt within a few 
months in a particular geographical locale, usually fol- 
lowing an outbreak of respiratory viral infections, par- 
ticularly influenza B or A. The sporadic cases occurring 
throughout the year are more often associated with 
other viral infections such as chickenpox. However, 
there is no correlation between the severity of the viral 
illness and the onset of Reye's syndrome, and in fact it 
is most often rather mild. Moreover, in fatal cases there 
are no stigmata in the brain pointing to viral encepha- 
litis. Another line of study focuses on the possibility of 
deficiencies in urea-cycle enzymes, particularly orni- 
thine transcarbamylase and carbamy! phosphate synthe- 
tase, which may explain the hyperammonemia and the 
neurologic changes that bear some resemblance to those 
of hepatic encephalopathy.” In rare cases the enzyme 
deficiencies are thought to represent hereditary inborn 
errors of metabolism, but the syndrome has also been 
associated with transient acquired deficiencies of the 
urea-cycle enzymes.” Epidemiologic data have also cast 
suspicion on insecticide-related chemicals, aflatoxin, and 
particularly aspirin. Conceivably, toxic reactions to any 
one of these agents could enhance the injurious effects 
of a virus.” >? Without detailing all the evidence for 
and against each of these agents, it is sufficient to note 
the growing consensus in the United States that “there 
is a high probability that the administration of aspirin 
contributes to the causation of Reye’s syndrome.’?* The 
evidence implicating aspirin (acetylsalicylate) is indirect 
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but impressive. Changes remarkably similar to those of 
Reye’s syndrome have been seen in fatal salicylate 
intoxication.?” About 95 to 98% of persons affected have 
been exposed to aspirin during the viral infection im- 
mediately before the onset of Reye's syndrome, in 
contrast to only 60 to 70% of controls having similar 
viral infections uncomplicated by Reye's syndrome. 
There is no evidence of a direct dose relationship; 
indeed, in most instances, affected children have re- 
ceived only normal therapeutic levels. Thus, at the 
present time, the favored view is that Reye's syndrome 
is of multifactorial origin related to a combination of 
microbiologic, genetic, and environmental factors. Con- 
ceivably, affected patients have lower toxicity thresholds 
to aspirin related to genetic influences or the preceding 
illness. This hypothesis does not countermand the use 
of aspirin, which is near universal, but it does indicate 
the need for caution in the young following any viral 
infection, particularly influenza and chickenpox. 


Liver 


The morphologic changes in fatal cases are largely 
restricted to the brain and liver. There is striking cerebral 
edema (p. 1375) without evidence of an inflammatory infil- 
trate in either the substance of the brain or the meninges. 
Often the ultimate cause of death is herniation of the 
cerebellar tonsils and medulla into the foramen magnum as 
a consequence of the increased intracranial pressure. The 
liver has marked microvesicular fatty change without evi- 
dence of significant hepatocellular necrosis (Fig. 19-42). In 


Figure 19—42. Reye’s syndrome. Numerous small vacuoles. of lipid 
are seen within liver cells having intact, apparently viable, nuclei. 


(Courtesy of Dr. Larry Weiss, Pathology Department, Brigham & 
Women’s Hospital, Boston.) 
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both hepatocytes and neurons, distinctive mitochondrial ab- 
normalities are seen by electron microscopy—expansion 
(megamitochondria), reduction in number, distortion, frag- 
mentation of cristae, and flocculation of the matrix.?°° 2°” 
Thése ultrastructural changes are apparently nonlethal since 
cell necrosis is not encountered even in fatal cases. 


THE LIVER AND BILIARY TRACT 


POSTMORTEM CHANGES 


It is necessary to mention briefly the morphologic 
changes that may occur after death, to avoid confusion 
with antemortem liver disease. Depending on the ade- 
quacy and promptness of the methods used to preserve 
the body, such as refrigeration, the liver may undergo 
postmortem autolysis. Usually it begins to become evi- 
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NORMAL 
PATHOLOGY 
Congenital Anomalies 
Cholelithiasis 
Acute Cholecystitis 

Acalculous acute cholecystitis 
Chronic Cholecystitis 
Cholesterolosis 


Tumors 


of gallbladder 


Vater 


NORMAL 


The extrahepatic ducts are critical to life, but the 
gallbladder is largely of use only to the surgeon. In its 
absence, man thrives and usually suffers no physiologic 
disturbance. 

In the adult, the gallbladder is a conical, musculo- 
membranous sac lying in a fossa in the undersurface of 
the right lobe of the liver. It is divided into three 
regions: (1) the fundus, the hemispheric blind end which 
may protrude below the liver edge; (2) the body, the 
portion between the fundus and the neck; and (3) the 
neck, a narrow, tubelike structure that tapers into the 
cystic duct. The relaxed gallbladder measures 7 to 10 
cm in length and 2 to 3 cm in width, and has a capacity 
of about 30 to 50 ml. From each lobe of the liver, a 
hepatic duct emerges. These soon unite to form the 
common hepatic duct, which passes between the two 
layers of the lesser omentum for about 4 cm. It is joined 
at an acute angle by the cystic duct to create the common 
bile duct, having an approximate diameter of 0.5 to 0.7 
cm. Dilatation of this duct often arises with obstruction. 
The common bile duct empties into the posterior wall 
of the second portion of the duodenum through the 
ampulla of Vater. It is therefore in close contact with, 
and sometimes buried within, the head of the pancreas. 
In approximately 60 to 70% of persons, the pancreatic 
duct joins with the common bile duct to drain through 
a common channel. In the remainder, the ducts enter 
separately. These anatomic details are of some interest 


Hydrops of Gallbladder 


dent about 24 hours after death, and produces progres- 
sive mushy softening and enzymic disintegration of cells 
in the complete absence of reactive inflammatory 
changes. The nuclei progressively fade and the cells fall 
away from the reticular framework. Often, bacterial 
proliferation can be seen within the autolytic paren- 
chyma. In some instances, gas-forming organisms such 
as Clostridium welchii are borne from the gastrointes- 
tinal tract to the liver through the portal system during 
the agonal stage of life. Growth of these organisms and 
the release of gas may produce visible or palpable 
gaseous bubbles—foamy liver. Obviously, no inflam- 
matory response accompanies the bacterial invasion. 
Appropriately, the description of postmortem 
changes brings to an end the consideration of the liver. 


Papilloma, adenoma, and adenomyoma 


Carcinoma of galibladder 
Carcinoma of bile ducts and ampulla of 


in the pathogenesis of acute cholecystitis and pancreatic 
necrosis (p. 963). The ampullary orifice in the duodenum 
is marked by a 0.7- to 1.0-cm hemispheric protrusion 
of the duodenal mucosa known as the papilla of Vater. 

Histologically, the gallbladder wall has four distinct 
layers. (1) The mucosa of the gallbladder is formed by 
a single layer of tall columnar cells that are thrown up 
into numerous interlacing tiny folds creating a honey- 
combed mucosal surface. Simple tubuloalveolar, mucus- 
secreting glands are present only in the neck, whereas 
the body and fundus have none. Similar lining epithe- 
lium and glands are found throughout the major extra- 
hepatic biliary ducts. The mucosa of the gallbladder 
neck is thrown into a varying number of crescentic folds 
forming the spiral valves of Heister. The mucosal epi- 
thelium of the gallbladder and ducts is based on a 
delicate connective tissue stroma, but there is no well- 
developed submucosa in the gallbladder, a feature dif- 
ferentiating it from the intestines histologically. (2) 
Beneath the mucosa is a fibromuscular layer composed 
of smooth muscle cells and elastic fibrils. This layer 
provides contractility to the gallbladder. (3) A perimus- 
cular layer of connective tissue and elastic fibers, often 
sparsely infiltrated with lymphocytes, is interposed be- 
tween the muscular wall and the outer wall of the 
gallbladder. (4) A serous peritoneal layer covers all but 
the bare area of the hepatic bed. 

Two common histologic variants merit mention 
here, and are so common as to constitute virtually 
normal details. Small, ductlike structures (ducts of 
Luschka), lined by typical epithelial cells, are often 


found in the perimuscular connective tissue layer (Fig. 
19-43). These do not communicate with the lumen, but 
are occasionally connected in the bile ducts and are 
assumed to represent aberrant supernumerary ducts. 
As sites for the inspissation of bile and stasis of bacteria 
and debris, they may contribute to the genesis of 
inflammatory disease. Rokitansky-Aschoff sinuses are 
small outpouchings of the mucosa of the gallbladder that 
extend into the underlying connective tissue and some- 
times into the muscular layer. These obviously com- 
municate directly with the lumen of the gallbladder. 
They are lined with typical columnar epithelium and 
are found occasionally in normal and often in diseased 
gallbladders (Fig. 19-44). Their higher incidence in 
inflamed gallbladders raises the possibility that preex- 
isting injury to the wall may predispose to their devel- 
opment. However, their infrequent occurrence in com- 
pletely normal gallbladders suggests that they may also 
represent a minor deviation from the norm—possibly 
attributable to the herniation of the mucosa through 
minute points of muscular weakness. 

The blood supply to the extrahepatic biliary system 
is derived from the hepatic artery, the arterial branch 
to the gallbladder being known as a cystic artery. Many 
variable patterns of arterial supply are encountered that 
are of interest principally to the surgeon. 

The extrahepatic biliary system has two main func- 
tions: storage and concentration of bile and the delivery 
of bile to the duodenum. Bile, as it is secreted by the 
liver, contains water, cholesterol, bile salts, bile acids, 
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Fig. 19-43 
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bilirubin, lecithin in micellar complexes, inorganic ions 
and mucoproteins secreted by the epithelium of the 
biliary tract. The primary bile acids are cholic and 
chenodeoxycholic acid which, with cations (abundant in 
bile) form the bile salts necessary for maintenance of 
cholesterol in solution. As secreted by the liver, bile is 
composed of about 3% solids, the remainder being 
water. One of the principal functions of the gallbladder 
is the concentration of this bile by selective absorption 
of water, inorganic ions (Na*, Cl~, HCO,~) and small 
amounts of bile salts to a volume possibly five to ten 
times smaller than the original hepatic secretion. Cho- 
lesterol is not soluble in the aqueous bile, but is 
maintained in solution by incorporation into micelles 
with the bile acids and phospholipids, as discussed later 
(p. 945). 

The delivery of bile to the duodenum involves 
mechanisms that are still somewhat controversial. The 
sphincter of Oddi or some sphincteric mechanism (since 
there is doubt about the existence of an anatomic 
sphincter) is usually closed except when fatty food enters 
the duodenum and bile is thus diverted into the gall- 
bladder. Contraction and partial emptying of the gall- 
bladder occurs when foods (especially fatty ones) or 
other stimulants enter the duodenum. Gallbladder emp- 
tying is under neural (vagal) and hormonal control. The 
autonomic innervation appears to maintain gallbladder 
tone. Emptying is mediated through a hormone, cho- 
lecystokinin, which is released from the duodenum into 
the blood. At the same time, the sphincter of Oddi is 
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Fig. 19-44 
Figure 19—43. Duct of Luschka deep within wall close to serosa. 
Figure 19—44. Rokitansky-Aschoff sinus in an inflamed gallbladder. 
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relaxed, thereby facilitating the passage of concentrated 
bile into the duodenum. Vasoactive intestinal peptide 
(VIP) may participate in the regulation of contraction by 
opposing the action of cholecystokinin. 

The remarkable resorptive capacity of the gallblad- 
der provides the basis for the radiographic diagnostic 
technique of cholecystography, the so-called Graham- 
Cole test. A variety of radiopaque substances, when 
taken orally or administered intravenously, are taken 
up by the liver and excreted in the bile, and so reach 
the gallbladder. Since they are not resorbed by the 
gallbladder, they become concentrated as the water in 
the bile is resorbed. Thus, levels are achieved that can 
be readily visualized roentgenographically. In this way, 
the outline of the gallbladder can be seen on x-ray 
examination, and the normal contractile response of the 
gallbladder to a fatty meal can be visualized. This 
diagnostic procedure sometimes also discloses the pres- 
ence of radiolucent gallstones, seen as “holes” in the 
radiopaque shadow representing the gallbladder lumen. 
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PATHOLOGY 


Although diseases of the biliary tract do not occupy 
a central place in medicine, some are very common 
(cholecystitis and cholelithiasis), and others are too often 
fatal (carcinomas) because they are generally silent until 
beyond cure. Thus, diseases of this system merit careful 
consideration. 


CONGENITAL ANOMALIES 


Developmental anomalies of the gallbladder and 
bile ducts take many forms and are of varied clinical 
significance. Most are chiefly of interest to the surgeon 
and embryologist and do not affect the patient’s health. 
A few, mentioned below, have clinical importance. With 
respect to the gallbladder, there may be complete 
agenesis, hypoplasia, hyperplasia, total reduplication to 
form a double gallbladder, or subtotal division of the 
fundus and body to create a bilobed structure. The 
gallbladder may be abnormally located within the left 
lobe; is sometimes totally embedded within the liver 
substance (intrahepatic); or, at other times, is described 
as a floating gallbladder, having a long pendulous 
mesentery. Angulation, kinking, or a circumferential 
constriction of the body of the gallbladder gives rise to 
an apparently expanded bulbous end to the fundus, 
known as a phrygian cap. The bile ducts frequently do 
not conform to the classic anatomic form and have a 
variety of anomalous connections and patterns, the most 
important of which are total agenesis of all or any 
portion of the hepatic or common bile ducts, or atretic 
narrowing of these channels. Agenesis, or severe ste- 
nosis, is incompatible with life and is usually discovered 
shortly after birth by the progressive development of 


jaundice. Unless it is surgically corrected, death ensues 
within months to years. 


CHOLELITHIASIS 


Some concept of the frequency of cholelithiasis, 
better known as gallstones, is provided by the estimate 
that about 20 million Americans have them and 1 million 
develop them each year. Almost all form within the 
gallbladder, but rarely they arise within the extrahepatic 
or intrahepatic bile ducts. Their clinical significance 
varies. When confined to the gallbladder they are often 
asymptomatic (about 50%), despite the fact that mild, 
chronic inflammatory changes are almost always present 
in the gallbladder wall. The question as to which comes 
first is a time-hallowed controversy to be discussed 
presently. Should they pass into the cystic duct, they 
induce not only severe biliary colic, but also frequently 
acute cholecystitis. If they enter the common duct, they 
usually produce obstructive jaundice with the potentials 
of secondary ascending cholangitis or pancreatitis. Still 
a matter of dispute is the role of stones in the initiation 
of carcinoma of the gallbladder. There is considerable 
uncertainty whether all gallbladders containing even 
asymptomatic stones should be removed upon discov- 
ery. 

Gallstones arise when a normally solubilized com- 
ponent of bile becomes supersaturated and precipitates 
to begin the formation of stones. The two major impli- 
cated constituents are cholesterol and bilirubin. Al- 
though there are well-defined ethnic and geographic 
differences, in the United States about 85% of stones 
are composed mainly of cholesterol and the remainder 
of bilirubin in the form of calcium bilirubinate (pigment). 
The preponderance of cholesterol stones also contain 
varying amounts of calcium salts such as carbonates, 
phosphates, or bilirubinates and so are referred to as 
“mixed”; only about 10% are “pure” cholesterol. Cho- 
lesterol is normally insoluble in aqueous bile and is held 
in solution in micelles also containing bile acids and 
phospholipids, principally lecithin. Bile becomes litho- 
genic for cholesterol whenever there is excess secretion 
of cholesterol or a reduction in bile acids. Like choles- 
terol, unconjugated bilirubin is largely insoluble in 
aqueous solution. Normally, however, at least 99% of 
bilirubin is in the form of the water-soluble conjugated 
pigment. Two factors are thought to contribute to pig- 
ment stone formation: (1) the presence of a glucuroni- 
dase probably derived from bacteria that deconjugates 
bilirubin diglucuronide; and (2) increased loading of the 
bile with bilirubin, as occurs with all forms of hemolytic 
disease. However, this traditional and perhaps too neat 
categorization and overview of the composition of gall- 
stones has been shaken by a recent x-ray diffraction 
study of calculi from 152 patients.** Approximately 80% 
of the stones were made up of varying proportions of 
cholesterol and its derivatives, bile salts, bile pigments, 
and various inorganic salts of calcium. No pure stones 


were found. The remaining 20% were composed entirely 
of minerals, principally calcium salts, or, mysteriously, 
a new compound of oxides of silicon and aluminum. 
Further studies must confirm the general applicability 
of these findings; until then we will revert to traditional 
concepts. 

INCIDENCE AND Risk FACTORS. There are marked 
variations in the incidence of cholelithiasis among coun- 
tries, ethnic groups, and individuals. The major contrib- 
uting factors are summarized in Table 19-6. Gallstones, 
mostly of cholesterol, occur in about 20% of women and 
8% of men in the United States. They are much less 
frequent in Oriental and African countries, and two to 
three times more common in Sweden, in both women 
and men. Women are thought to be predisposed be- 
cause of either increased synthesis of cholesterol or 
suppression of synthesis of bile acids by female sex 
hormones; hence, the greater frequency with the use of 
exogenous estrogens, pregnancy, and possibly multipar- 
ity. Similarly, the use of oral contraceptives has, in the 
past, been thought to increase the likelihood of stone 
formation, but a 1982 study casts doubt on this associ- 
ation.*? Almost 70% of North and South American 
women of Indian extraction over the age of 30 have 
gallstones, but only 10% of black women. Age is also a 
factor, especially among men. The independent, but 
obviously interrelated variables of obesity and high- 
calorie diet predispose to gallstones, related in both 
instances to enhanced hepatic secretion of cholesterol. 
Clofibrate lowers serum lipid levels but roughly doubles 
the incidence of gallstones by increasing biliary choles- 
terol secretion. In the rural Orient, pigment stones 
are more frequent than cholesterol stones, for reasons 
explained later. As mentioned, in all locales hemolytic 
diseases such as sickle cell anemia, spherocytosis, the 
hemolytic-uremic syndrome, and microangiopathic ane- 
mia predispose to the development of pigment stones 
attributed without proof to bilirubin loading of the bile. 
Obstructions or anomalies of the ducts predispose to 
their formation by favoring concentration of the bile. 
Cirrhosis—particularly alcoholic cirrhosis—also favors 
stone formation, for obscure reasons. 
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PATHOGENESIS. The formation of gallstones has 
been divided into three steps: (1) bile supersaturation; 
(2) initiation of stone formation, i.e., nucleation; and 
(3) enlargement by accretion.**! The most is known 
about the first step, particularly as it relates to choles- 
terol stone formation. As pointed out, bile can become 
supersaturated with cholesterol either as a result of 
increased cholesterol secretion or of decreased secretion 
of bile acids or phospholipids. The rate-limiting enzyme 
for cholesterol synthesis within the liver is 3-hydroxy- 
3-methylglutaryl coenzyme A. Some studies have shown 
an increased activity of this enzyme with obesity and 
possibly also with the use of clofibrate.” Although 
cholesterol supersaturation is requisite, it must be fol- 
lowed by cholesterol crystallization for stone formation. 
Many individuals have no crystallization despite marked 
supersaturation, but the factors that regulate this phe- 
nomenon have not been elucidated.2* Even without 
increased synthesis, cholesterol supersaturation may 
develop with reduced levels of bile acids or phospho- 
lipids within the bile. Decreased bile acid synthesis 
attributed to overactivity of feedback inhibition has been 
observed in both Indian and non-Indian patients with 
gallstones.2* A reduction in the bile acid pool related 
to impaired reabsorption is encountered with severe 
intestinal disease and with major ileal resection or 
bypass. Although reduction in phospholipid synthesis 
could play a role, it remains as yet only theoretical. 

Initiation or nucleation of cholesterol gallstones 
may begin with either crystallization of cholesterol or 
its precipitation about some “foreign” particulate matter 
such as bacteria, parasites, or fragments of detached 
mucosal epithelial cells. Various substances within bile, 
such as mucoproteins and calcium salts, also appear to 
serve as nucleating agents. Another important influence 
is the water content of bile, irrespective of the relative 
proportions of cholesterol, bile acids, and phospholipids. 
Other factors being equal, the more dilute the bile, the 
lower the tendency for cholesterol crystallization. Thus, 
obstructive biliary disease, which favors infection and 
permits greater concentration of the bile, predisposes 
to stone formation. 
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Table 19-6. RISK FACTORS FOR GALLSTONES 


Cholesterol Stones 


Demography: Northern Europe, North & South America—slightly less prevalent in Orient; American Indians; probable familial 


predisposition 
Obesity 
High-calorie diet 
Clofibrate therapy 


Gastrointestinal disorders; ileal disease, resection or bypass; cystic fibrosis with pancreatic insufficiency 
Female sex hormones; women more than men, after puberty; oral contraceptives and other estrogenic medications 


Age, especially among males 


Probable but not weil established: pregnancy, multiparity, diabetes mellitus, and polyunsaturated fats 


Pigment Stones 


Demography: oriental more than occidental; rural more than urban 


Chronic hemolysis 
Alcoholic cirrhosis 
Biliary infection 
Age 


Modified from Bennion, L. J., and Grundy, S. M.: Risk factors for the development of cholelithiasis in man. N. Engl. J. Med. 299:1161, 


1221, 1978. 
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Once nucleation has occurred, accretion appears to 
be related to supersaturation of cholesterol with the 
progressive enlargement of the original nidus. 

The details of pigment stone formation are not well 
understood.” It is known only that in patients with 
pigment stones, the bile is supersaturated with uncon- 
jugated bilirubin. Normally, less than 1% of the total 
bilirubin in bile is in the insoluble, unconjugated form. 
The enzyme beta-glucuronidase is thought to contribute 
to pigment stone formation by deconjugation of biliru- 
bin, but whether this occurs within the liver before the 
bilirubin is secreted into the bile, or instead occurs 
within the biliary tract, is uncertain. Favoring the latter 
pathway is the predisposing influence of bacterial and 
parasitic infections of the biliary apparatus attributed to 
microbial release of the enzyme. This process is thought 
to account for the increased frequency of pigment stones 
in oriental countries in which infections by liver flukes 
such as Clonorchis sinensis are so common. However, 
the parasites may merely serve as nucleating agents. 
Chronic hemolysis presumably acts by increased bili- 
rubin loading of the bile. In this connection, most 
pigment stones in Americans are related to chronic 
hemolysis and are found within the gallbladder, but are 
most commonly located within intrahepatic ducts in 
Orientals, in whom parasitic invasions prevail. 


Pure cholesterol stones, representing 10% of all 
stones, tend to be solitary, round or ovoid, and usually 1 to 
2 cm in diameter; sometimes they enlarge up to 6 cm in 
greatest dimension. Pale yellow in color, they may have a 
fine granular external surface, or when large, become pol- 
ished in the gallbladder with a smooth eggshell surface (Fig. 
19-45). Transection usually reveals a glistening, crystalline, 
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Figure 19—45. Cholesterol stone transected, showing translucence 
and radial crystalline pattern. 
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Figure 19-46. Opened gallbladder contains two families of gall- 
stones: one, small, multifaceted, and remarkably uniform in size 
and shape; the other, considerably larger, showing some faceting 
and considerable variation in shape. 


radiating palisade. When composed of pure cholesterol or 
having little calcium content, they are radiolucent. 

Pigment stones, when pure, usually take the form of 
jet-black jackstones ranging from 0.5 to 1 cm in diameter. 
Classically they occur in profusion and are all of a similar 
size, suggesting a single nucleating event. They almost 
never occur singly. 

Mixed stones are the most common type and are 
almost invariably associated with chronic cholecystitis. They 
have a variable composition of cholesterol and calcium 
bilirubinate as well as other calcium salts. Such calculi are 
usually multiple and indeed may entirely fill the gallbladder 
and so develop faceting where adjacent stones impinge on 
each other. They range from gravel size up to 1 to 2 cm in 
diameter and vary from pale yellow-white to virtually black, 
depending on the bilirubin content (Fig. 19-46). Typically, 
they are laminated on transection. 


CLINICAL COURSE. Gallstones that remain in the 
gallbladder are asymptomatic, so-called “silent.” Only 
when they enter the ductal system to cause biliary pain 
(‘colic’), become impacted within the cystic duct or 
neck of the gallbladder, and induce acute cholecystitis 
or obstruct the extrahepatic bile ducts do they evoke 
symptoms. There is the additional highly controversial 
issue (addressed later) as to whether stones predispose 
over the span of years to carcinoma of the gallbladder. 
Generally accepted data on the frequency of clinical 
complications versus “silent” stones are not available, 
but in one 15-year follow-up of 123 “healthy” individuals 
with stones discovered on cholecystographic screening, 
only 18% later developed pain or other complications;?© 


none developed carcinoma. Although minimal chronic 
inflammatory changes may appear in the gallbladder 
wall in such cases, and some patients have vague 
dyspepsia, neither feature has clinical significance. 
These data underlie the historic dilemma—should gall- 
bladders containing asymptomatic stones be removed 
on discovery? Every clinician “marches to his own 
drum,” but the conventional practice is cholecystectomy 
in those under 50 years of age when there are no other 
contraindications, because of possible later complica- 
tions, and “watchful waiting” for those over 50. In those 
fortunate enough to have radiolucent stones presumably 
composed largely or entirely of cholesterol, dissolution 
may sometimes be accomplished with oral doses of 
ursodeoxycholic or chenodeoxycholic acid. Both agents 
are thought to act by decreasing the cholesterol satura- 
tion of bile by inhibiting hydroxymethylglutaryl coen- 
zyme A involved in cholesterol synthesis. This form of 
therapy, however, is still somewhat controversial and 
not without undesirable side effects.’ 

Despite the fact that stones can be “silent,” they 
cause problems in a minority of patients. Paradoxically, 
small stones are a greater hazard than large ones that 
remain confined to the gallbladder. Stones that obstruct 
the gallbladder neck or cystic duct are likely to produce 
biliary “colic” or acute cholecystitis. The term “colic” is 
something of a misnomer. The pain tends to be steady 
and severe, or take the form of aching or pressure in 
the epigastrium or right upper quadrant, often radiating 
to the interscapular area, right scapula or shoulder. It 
is frequently accompanied by nausea and vomiting. 
Traditionally the attacks of pain have been related to 
fatty foods (fat intolerance), but this association is now 
challenged. Acute cholecystitis and its sequelae are 
described subsequently, but they are major complica- 
tions of cholelithiasis. Infrequently, obstruction of the 
gallbladder or cystic duct does not evoke acute symp- 
toms; instead, over the span of time, the gallbladder 
becomes filled with a clear, mucinous secretion referred 
to as “hydrops” or “mucocele of the gallbladder.” 

Much more serious is the passage of a gallstone 
into the common bile duct (choledocholithiasis); this 
occurs in about 5% of cases of cholelithiasis, resulting 
in biliary colic and persistent obstructive jaundice with 
all of its consequences. Less frequently, ascending cho- 
langitis or pancreatitis follows. Very rarely the intraduc- 
tal inflammation and physical trauma permit the stone 
to erode through the ductal wall and then sometimes 
into an adherent loop of bowel to produce a choledoch- 
oenteric fistula. Large stones may then obstruct the 
small intestine—gallstone ileus. It is difficult to differ- 
entiate the obstructive jaundice caused by gallstones 
from that related to cancers (in the head of the pancreas, 
bile ducts, or papilla of Vater) or indeed sometimes 
from the nonobstructive jaundice caused by hepatocel- 
lular disease (p. 890). Obviously, identification of stones 
within the gallbladder suggests, but does not prove, 
calculous obstruction. Pain (colic) accompanying the 
jaundice favors the diagnosis of gallstones, but unfortu- 
nately some obstructive stones are painless and cancers 
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may cause similar pain. The much talked about and, 
unfortunately, somewhat unreliable “Courvoisier’s law” 
is sometimes of help: i.e., with calculous obstruction 
the gallbladder often is not distended and may even be 
smaller than normal because of the fibrotic changes of 
chronic cholecystitis and cholelithiasis, whereas neo- 
plastic obstruction is more likely to be unassociated with 
inflammatory gallbladder disease, and thus undergoes 
progressive distention. Seductive as this postulate may 
be, other means are almost always necessary to distin- 
guish calculous from neoplastic obstruction, as discussed 
later. 

A large number of methods are now available for 
the diagnosis of cholelithiasis. Approximately 20% of 
gallstones contain sufficient calcium for visualization on 
plain film of the abdomen. Oral cholecystography pro- 
vides a correct diagnosis in approximately 95% of pa- 
tients. It depends on hepatic excretion into the bile of 
a radiopaque substance such as calcium ipodate, which 
is not reabsorbed and so permits visualization of the 
gallbladder as it undergoes concentration. Thus, non- 
opaque stones appear as radiolucent areas within the 
opacified bile. Additional diagnostic modalities include 
intravenous cholangiography, transhepatic cholangiog- 
raphy, endoscopic retrograde cholangiopancreatography 
(ERCP), and ultrasonography. The last-mentioned tech- 
nique alone has an accuracy of approximately 95 to 97%, 
and so in combination these diagnostic methods can be 
expected to disclose the presence of stones in nearly 
100% of patients with cholelithiasis. 
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ACUTE CHOLECYSTITIS 


Acute cholecystitis in 90% of cases is initiated by 
impaction of a gallstone within the neck of the gallblad- 
der or the cystic duct, referred to clinically as calculous 
acute cholecystitis. In the remaining minority of cases 
the acute inflammatory process is not associated with 
calculi—“acalculous acute cholecystitis.” 

Acute calculous cholecystitis is one of the major 
clinical presentations of cholelithiasis. The predisposi- 
tion to this acute inflammatory condition understandably 
follows that of gallstones. Thus, it occurs in women, 
usually obese, three times more often than in men, and 
principally in middle-to-later life. The condition usually 
appears with remarkable suddenness and constitutes, in 
many instances, an acute surgical emergency because 
of its potential for rupture or spread of the infection 
(when present). The precise events leading to the acute 
inflammation are little understood. Only this much is 
known: it begins with calculous obstruction to the 
gallbladder. Bacteria—streptococci, staphylococci, E. 
coli, enterococci, Klebsiella, or Proteus—can be iden- 
tified in the bile in about 75% of cases. This bacterial 
invasion is thought to be a secondary event since it is 
not present in the remaining 25%. At least in some 
instances, then, other factors must contribute to the 
acute reaction. Without substantial proof, increased 
intraluminal pressure with compromise of the blood 
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supply, in concert with chemical irritation of bile acids, 
have been invoked. In a few cases, enzymes of pan- 
creatic origin such as phospholipase have been identified 
within the bile that could release the toxic lysolecithin 
from membrane lipids. However, reflux of pancreatic 
secretions into the biliary tract has been identified even 
in normal individuals, but with obstruction of the gall- 
bladder and concentration of the bile, the increased 
level of the enzymes could contribute to the injury. It 
is evident that much is speculative. 


In acute calculous cholecystitis, the gallbladder is 
usually enlarged (two- to threefold) and tense, and often 
assumes a bright red or blotchy, violaceous to green-black 
discoloration, imparted by subserosal hemorrhages. The 
serosal covering is frequently layered by fibrin and, in the 
very intense reaction, by a definite suppurative, coagulated 
exudate. On being opened, the obstructive stone is present 
in the neck of the gallbladder or cystic duct. The gallbladder 
lumen, in addition to other possible gallstones, is tensely 
filled with a cloudy or turbid bile that may contain large 
amounts of fibrin and frank pus, as well as hemorrhage. 
When the contained exudate is virtually pure pus, the con- 
dition is referred to as empyema of the gallbladder. Gall- 
stones are present in up to 80% of these cases, or a fine, 
sandy gravel is mixed in with the contained biliary contents. 
The gallbladder wall is thickened up to ten times normal and 
has a rubbery, yielding consistency. Edema fluid, exudate, 
and hemorrhage flow out from the cut surface. The mucosa 
may be merely patchily or totally hyperemic in the milder 
cases, transformed to a green-black necrotic surface in more 
severe cases (gangrenous cholecystitis), or have small- 
to-large ulcerations. In this fashion infections may penetrate 
the wall to give rise to pericholecystic abscesses or gener- 
alized peritonitis, or worse, the gallbladder may rupture.”©@ 
Other possible complications are ascending cholangitis, liver 
abscess, subhepatic or subdiaphragmatic abscess, and sep- 
ticemia. 

Histologically, the inflammatory reactions are not dis- 
tinctive and consist of the usual patterns of acute inflam- 
mation, i.e., edema, leukocytic infiltration, vascular conges- 
tion, frank abscess formation, or gangrenous necrosis, when 
vascular stasis complicates the edematous inflammatory 
response. As mentioned earlier, on the basis of the severity 
of the inflammatory reaction and the possible presence of 
vascular stasis, these acute reactions are divided into acute 
cholecystitis, suppurative cholecystitis, and acute gangre- 
nous cholecystitis (Fig. 19-47). 

The inflammatory reaction may subside and the neutro- 
phils then are replaced by eosinophils to constitute the 
diagnostic features of subacute cholecystitis. Alternatively, 
in other cases, the deposition of calcium within the gallblad- 
der wall gives rise to the so-called calcified gallbladder or 
porcelain gallbladder. It should be noted that this sequela 
of acute cholecystitis incurs a significantly increased risk of 
cancerous transformation. In an unknown number of in- 
stances, the subsidence of the acute response leads to 
chronic cholecystitis. 


Acute calculous cholecystitis typically presents with 
marked right upper quadrant pain, tenderness, fever, 
and leukocytosis.” Attacks of biliary colic may have 
preceded or, less often, accompanied the acute inflam- 
matory process. However, in about one-third of patients 
the acute cholecystitis is the first indication of the 
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Figure 19-47. Acute cholecystitis with intense leukocytic infiltration 
of wall throughout all layers. 


existence of cholelithiasis. The gallbladder may become 
sufficiently enlarged to be palpable below the liver edge, 
but in all cases deep inspiration during palpation of the 
right upper quadrant increases the tenderness. Liver 
function tests are usually normal but there may be slight 
elevation of serum transaminases and bilirubin. The 
natural course of this condition is totally unpredictable. 
In over half of the cases the symptoms resolve within 
two to three days after conservative management. Pre- 
sumably, the obstructive stone either falls back into the 
gallbladder or passes through the ducts to relieve the 
obstruction. However, in the remainder the manifesta- 
tions worsen as the inflammation progresses to empyema 
or gangrenous necrosis of the gallbladder, usually ac- 
companied by signs of upper abdominal or generalized 
peritonitis unless, of course, cholecystectomy is per- 
formed earlier. Perforation or rupture is the most feared 
consequence; it may occur without warning in persons 
with progressive disease. Even with spontaneous reso- 
lution, recurrence can be anticipated in 25 to 60% of 
patients within five years if the gallbladder is not 
surgically removed. 


ACALCULOUS ACUTE CHOLECYSTITIS 


As indicated above, only infrequently does acute 
cholecystitis develop in the absence of calculous obstruc- 
tion. Notable associations are diabetes; systemic arteritis 
(particularly polyarteritis nodosa); bacterial and_hel- 
minthic infections; trauma to the abdomen; burns; and 
abdominal and extra-abdominal surgery. In children, 


biliary tract anomalies may be present. There is no 
ready understanding of the pathogenesis of the acute 
involvement of the gallbladder in most of these settings, 
and differing mechanisms are very likely implicated. 
The diabetic’s enhanced vulnerability to bacterial infec- 
tion may play a role. In cases associated with diffuse 
arterial disease, necrotizing vasculitis has been observed 
within the wall of the gallbladder. Blood-borne spread 
of organisms could seed the gallbladder. Invasion of the 
gallbladder by Ascaris lumbricoides or liver flukes may 
be implicated in endemic locales. Except for the absence 
of calculi, the morphologic changes and clinical conse- 
quences are the same as those in calculous acute cho- 
lecystitis. 


CHRONIC CHOLECYSTITIS 


Chronic cholecystitis may be a sequel to acute 
cholecystitis, but in most instances it develops in the 
apparent absence of antecedent attacks of acute inflam- 
mation. Virtually always it is associated with choleli- 
thiasis and so is encountered most often in middle-aged 
and older obese females (female:male ratio, 3:1). The 
evolution of chronic cholecystitis is even more obscure 
than that of acute cholecystitis. Although virtually always 
associated with gallstones, it is doubtful that they play 
a direct role in the initiation of inflammatory disease 
within the gallbladder wall. More likely, supersaturation 
of the bile predisposes to both the inflammation and the 
stone formation. Thus, bile acids and lysolecithin may 
cause chemical injury, but proof is lacking. Microorga- 
nisms, usually enteric bacteria, can be cultured from 
the bile in only about one-third of the cases. It is 
evident that the cause of chronic cholecystitis is little 
understood. 


The morphologic changes in chronic cholecystitis are 
extremely variable. Generally the mere presence of stones 
within the gallbladder, in the absence of acute inflammation, 
is taken as sufficient justification for the diagnosis, and in 
such circumstances there may be only minimal evidence of 
mural chronic inflammation. The gallbladder may be con- 
tracted, normal in size, or enlarged. The size of the organ 
depends on the balance between the development of fibrosis 
in the wall and the element of obstruction in the genesis of 
the inflammation. The serosa is usually smooth and glisten- 
ing, but often it is dulled by subserosal fibrosis. In other 
instances, dense fibrous adhesions may remain as sequelae 
of preexistent acute inflammation. On section, the wall is 
variably thickened, rarely to more than three times normal. 
It has an opaque gray-white cut section and may be less 
flexible and translucent than normal. In the uncomplicated 
case, the lumen usually contains fairly clear, green-yellow, 
mucoid bile. Stones are present in almost all cases (Fig. 
19-48). The mucosa itself is usually preserved and has no 
loss of the usual mucosal folds that create the normal 
honeycombed pattern. In other instances, when the lumen 
of the gallbladder is partially or totally obstructed, the gall- 
bladder contents may be under sufficient pressure to cause 
flattening of the mucosal folds and thinning and atrophy of 
the mucosa. 
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Figure 19-48. Chronic cholecystitis with cholelithiasis. Gallbladder 
wall is thickened, but mucosa is intact. 


Histologically, the degree of inflammatory reaction is 
quite variable. In the mildest cases, only scattered lympho- 
cytes, plasma cells, and macrophages are found beneath 
the columnar lining epithelium and in the subserosal fibrous 
tissue. In better developed cases, there is some increase of 
fibrous tissue subepithelially and subserosally, accompanied 
by a mononuclear cell infiltration (Fig. 19-49). In more 
extreme instances, the wall may be permeated by fibrous 
scar, with considerable obliteration of the smooth muscula- 
ture. Rokitansky-Aschoff sinuses are found in up to 90% of 
these chronically inflamed gallbladders, presumably because 
the inflammatory damage to the wall predisposes to the 
herniation of the lining epithelium. Inflammatory proliferation 
of the mucosa and fusion of the mucosal folds may give rise 
to buried crypts of epithelium within the gallbladder wall, 
designated as cholecystitis glandularis. Dystrophic calci- 
fication within the gallbladder wall may yield a ‘“‘porcelain 
gallbladder” identical to that which follows acute cholecys- 
titis. 

Sometimes the anatomic changes of acute cholecystitis 
are superimposed upon the chronic changes just described, 
implying acute exacerbation of a previously chronically in- 
jured gallbladder. This pattern of reaction is called acute on 
chronic cholecystitis. 


Chronic cholecystitis is more a morphologic than a 
clinical entity. Such signs and symptoms as may appear 
relate entirely to the concomitant gallstones. Although 
heartburn, belching, intolerance to fatty foods, and 
vague epigastric discomfort are frequently attributed to 
chronic cholecystitis, these manifestations occur with 
equal frequency in patients having no gallstones and 
presumably no inflammatory involvement of the gall- 


Figure 19—49. Chronic cholecystitis with increased subepithelial fibrosis and 
marked leukocytic infiltration. Mucosal folds are somewhat flattened. 


Fig. 19-50 


Figure 19-50. Cholesterolosis. Typical flecking of a “strawberry” gallbladder. 


Figure 19-51. Cholesterolosis. Mucosal folds at their tips are stuffed by aggregates of lipid-laden 
histiocytes. 
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bladder. Nonetheless, the condition may be discovered 
in the course of the investigation of such complaints. 
Thus, chronic cholecystitis is a diagnosis that is made 
only after the gallbladder has been removed or at 
autopsy. Its clinical significance derives from the accom- 
panying gallstones. 


CHOLESTEROLOSIS 


Cholesterolosis is also commonly designated as a 
“strawberry gallbladder, because the focal deposits of 
lipid in the epithelium and subepithelial region of the 
gallbladder produce a likeness to the pale yellow-gray 
seeds that punctuate the surface of a strawberry.” 
Although this condition afflicts approximately 10% of 
the general autopsy population, cholesterolosis rarely 
causes clinical symptoms and therefore is not of great 
clinical significance. It does not, as far as we know, 
predispose to cholecystitis. The origin of this mucosal 
alteration is uncertain. The favored view is that it results 
from imbibition of cholesterol from the supersaturated 
bile. Support for this proposal comes from the commonly 
associated cholesterol-containing calculi. Local lym- 
phatic and venous stasis may predispose to the accu- 
mulation of the absorbed cholesterol. 

Whatever the mechanism, the mucosa of the gall- 
bladder is studded with minute yellow flecks, imparting 
the strawberry appearance (Fig. 19-50). Usually, the 
intervening mucosa is yellow-green and intact, but 
accompanying cholecystitis occasionally modifies the 
macroscopic appearance. 

Histologically, the diagnostic features are enlarge- 
ment and distention of the mucosal folds into club shapes 
by aggregations of round-to-polyhedral histiocytes 
within these clubbed ends (Fig. 19-51). These cells 
have a foamy, reticulated, fat-laden cytoplasm and small, 
round, dark, prominent nuclei. When the deposit be- 
comes more massive, these cells may die, and the 
release of lipids gives rise to the precipitation of choles- 
terol crystals in the subepithelial region and a subse- 
quent inflammatory reaction of white cells, giant cells, 
and fibroblasts. This inflammatory pattern is, however, 
quite uncommon. It is not known whether the process 
is reversible, since it is asymptomatic and is discovered 
only incidentally at surgery or postmortem. When 
symptoms are present, they are usually due to accom- 
panying cholelithiasis. 

Infrequently, exaggerations of the focal accumula- 
tions of lipid produce sessile, so-called “cholesterol 
polyps, up to 4 mm in diameter. Clearly these lesions 
are not neoplastic, but nonetheless may mimic, on 
cholecystography, some of the benign tumors of the 


gallbladder to be described. 


HYDROPS OF GALLBLADDER 


Hydrops of the gallbladder is also known as muco- 
cele of the gallbladder, referring to distention of the 
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gallbladder by a clear, watery, mucinous secretion. This 
condition is invariably due to total obstruction of the 
cystic duct. Presumably, the trapped bile is resorbed, 
and the gallbladder becomes filled with a clear, muci- 
nous secretion derived from the mucosal cells. Anatom- 
ically, the gallbladder is usually tense and enlarged and 
has a translucent appearance before being opened. The 
serosa usually is not involved; the wall is not thickened 
and, in fact, is often quite thin. When the gallbladder 
is opened, the clear mucinous contents disclose the 
nature of the condition (Fig. 19-52). Stones are usually 
present but are not intrinsic to the hydrops. When the 
condition is long-standing, the mucosa of the wall be- 
comes atrophic or thinned out, and the lining may have 
a pale gray-red, smooth, glazed surface. 

Histologically, depending on the severity of the 
condition, there is more or less atrophy of the epithe- 
lium so that, in far-advanced cases, no columnar or 
flattened cuboidal epithelial cells are present, and the 
wall of the gallbladder is composed only of an inner 
layer of connective tissue surrounded by the usual 
muscularis and other layers. As mentioned earlier, a 
prominent anatomic feature is demonstration of the 
underlying cause of the cystic obstruction, most often a 
stone, but less frequently neoplasia within the cystic 
duct or kinking of the duct (Fig. 19-53). The condition 
is usually asymptomatic, but occasionally there are 
manifestations of epigastric pain, discomfort, nausea, 
vomiting, and other features suggestive of nonspecific 
cholecystitis. No serious clinical sequelae attend this 
lesion. 


TUMORS 


Tumors of the biliary system range from benign to 
malignant and occur in all possible sites within the ducts 
and gallbladder.?” Although fibromas, myomas, neuro- 
mas, hemangiomas, and the malignant counterparts of 
these lesions as well as carcinoids have been described 
in these organs, the only neoplasms of sufficient fre- 
quency and clinical importance to merit description are 
the papilloma, adenoma, and adenomyoma of the gall- 
bladder; carcinoma of the gallbladder; and carcinoma of 
the bile ducts and ampulla of Vater. 


PAPILLOMA, ADENOMA, AND ADENOMYOMA 
OF GALLBLADDER 


Papillomas and adenomas of the gallbladder are 
very infrequent, benign epithelial tumors.?”! They both 
represent localized overgrowths of the lining epithe- 
lium, the papilloma growing as a pedunculated, com- 
plex, branching structure and the adenoma as a flat, 
sessile thickening. Although these lesions are small and 
easily missed unless careful inspection is carried out, 
there is a greater tendency to overdiagnose these con- 
ditions, since inflammatory hyperplasia or edema of the | 
wall may create local projections that are often inter- 
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Fig. 19-52 


Fig. 19-53 


Figure 19-52. Hydrops of gallbladder. A window has been cut out to reveal the clear, translucent, 


mucoid contents. 


Figure 19-53. Hydrops of gallbladder caused by stone impacted in cystic neck. Mucosa is atrophic 


and replaced by a shiny surface. 


preted as benign neoplasms. The papilloma may occur 
singly or multiply as small, branching, pedunculated 
masses less than 1 cm in diameter that project into the 
lumen of the gallbladder. They are usually connected 
to the underlying wall by a slender stalk. In contrast, 
the adenoma is a broad-based, hemispheric elevation, 
again less than 1 cm in diameter, that is firmly attached 
to the underlying wall. 

Both are composed histologically of a vascularized 
connective tissue stroma covered by a single layer of 
well-oriented, well-differentiated columnar lining epi- 
thelial cells. The adenoma also has contained glands in 
the stroma. Rarely, there is concomitant proliferation of 
the smooth muscle cells to create a leiomyomatous 
tumor enclosing cystic gland spaces lined by columnar 
epithelial cells—the so-called adenomyoma. In all mac- 
roscopic patterns, the cellular proliferation is regular, 
does not invade the underlying wall, and is entirely 
well differentiated. These lesions are only of clinical 
significance insofar as they may be detected on chole- 
cystography and then require differentiation from more 
ominous malignancies. Papillomas, by fragmentation, 
may further provide a nidus for the formation of a 
gallsténe. None of these benign lesions is believed to 
predispose to the development of a cancer. 


CARCINOMA OF GALLBLADDER 


Other forms of cancer may arise in the gallbladder, 
but carcinoma is much more frequent than all other 
types of malignancy together and, indeed, is consider- 
ably more common than benign tumors.?” Although not 
one of the common cancers in humans, it is found in 
about one in 200 to 300 routine autopsies and accounts 
for about 5000 deaths annually in the United States. 
This form of neoplasia constitutes a major medical 
challenge; only rarely is it discovered at a resectable 
stage, and so the mean five-year survival (whether 
surgery is performed or not) has remained for many 
years at the disappointing level of about 3%. It is about 
two times more common in women than in men, and 
the risk increases steadily with age. The peak incidence 
is greatest in the eighth decade in men and the seventh 
decade in women. In Western countries, whites are 
affected more often than blacks. 

A number of influences are thought to predispose 
to this form of cancer. Most important, but still poorly 
understood, are gallstones and the associated inflam- 
mation. Cholelithiasis and chronic cholecystitis are pres- 
ent in 75 to 90% of cases of carcinoma of the gallblad- 
der.” Cancers have been reported to arise in 12 to 62% 


of calcified (porcelain) gallbladders, underscoring the 
potential importance of long-standing chronic inflam- 
mation.””4 Conversely, carcinomas of the gallbladder are 
found in about 0.5% of patients with gallstones. How- 
ever, it is not clear whether the stones and inflammation 
directly predispose to the carcinomatous change, or are 
the consequence of influences that also predispose to 
the development of cancer. It may be significant that 
derivatives of cholic acid are powerful experimental 
carcinogenic agents. Because of their association with 
stones, obesity, estrogen therapy, clofibrate therapy, 
ileal disease and bypass, and American-Mexican heritage 
all constitute predisposing factors. Also, workers in 
automotive, textile, rubber, and metal fabricating in- 
dustries have been discovered to have an increased 
incidence of this cancer although the particular putative 
carcinogen(s) has/have not been identified.?” 


Morphologically, carcinomas of the gallbladder are usu- 
ally divided into two gross patterns, infiltrating and fungating. 
The most common sites of involvement are the fundus and 
neck; about 20% involve the lateral walls. The infiltrating 
type is more common and usually appears as a poorly 
defined area of diffuse thickening and induration of the 
gallbladder wall that, when discovered, may cover several 
square centimeters or may involve the entire gallbladder or 
large portions of it (Fig. 19-54). These tumors are scirrhous 
and therefore have an extremely firm consistency. The 
luminal surface may be ulcerated, and often the tumor 
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extends beneath the serosa in small, irregular, nodular 
projections or may directly penetrate the gallbladder wall to 
invade the liver bed. On cross section of the masses, the 
architecture of the wall is entirely obscured and replaced by 
a gritty, hard, white, solid tissue. Deep ulceration of the 
center of the mass may cause direct penetration of the 
gallbladder wall or fistula formation to adjacent viscera into 
which the neoplasm has grown. 

The fungating pattern grows into the lumen as an 
irregular, small cauliflower mass, but at the same time 
invades the underlying wall. The luminal portion may be 
necrotic, hemorrhagic, and ulcerated. By the time these 
neoplasms are discovered, most have invaded the liver 
centrifugally and many have extended to the cystic duct 
and adjacent bile ducts and portahepatic lymph nodes (Fig. 
19-55). This state of advancement is made possible by the 
fact that these neoplasms, in their developmental stages, 
are entirely asymptomatic and can thus grow for a long time 
until discovered by their extension into surrounding struc- 
tures. If the cystic duct is occluded, the trapped bile is 
resorbed and replaced by mucinous secretion (white bile), 
creating hydrops of the gallbladder. 

Histologically, five patterns can be identified. The most 
common is differentiated adenocarcinoma (approximately 
40%) followed by poorly differentiated adenocarcinoma 
(30%) (Fig. 19-56). Papillary adenocarcinoma represents 
about 10% (Fig. 19-57). This histologic variant almost al- 
ways takes the form of an exophytic fungating cancer. The 
least common are the adenosquamous or squamous cell 
carcinomas (5 to 10%), presumably originating in metaplastic 
epithelium. Not surprisingly, the poorly differentiated lesions 
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Fig. 19-54 


Fig. 19-55 


Figure 19-54. Carcinoma of gallbladder. Infiltrating pattern with diffuse, irregular thickening of 


gallbladder wall. 


Figure 19-55. Gallbladder and its liver bed have been transected longitudinally to disclose direct 
permeation by carcinoma of contiguous liver substance. 
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Fig. 19-56 


Fig. 19-57 


Figure 19-56. Adenocarcinoma of gallbladder with typical abundant fibrous stroma. 


Figure 19-57. Papillary carcinoma of gallbladder. 


tend to be associated with the widest metastatic dissemi- 
nation; in contrast, those with squamous differentiation pro- 
duce few metastases. Overall, the liver, perihilar and more 
distant lymph nodes, peritoneum, gastrointestinal tract, and 
lungs are the most frequent sites of seeding. 


As mentioned, these carcinomas are extremely in- 
sidious and frequently asymptomatic until called to 
attention by their spread into the liver or into the cystic 
and common bile ducts. Occasionally, hepatic enlarge- 
ment due to metastases is the first indication of the 
neoplasm. The most frequent presenting symptom is 
abdominal pain, but it is found in less than half of all 
cases. Other manifestations are jaundice, anorexia, 
weight loss, abdominal mass or swelling, nausea, and 
vomiting, but none of these manifestations is present in 
more than one-quarter of patients. Thus, a large number 
of neoplasms are found unexpectedly either at laparot- 
omy for other disease or in gallbladders removed for 
cholelithiasis. The lucky symptomatic patient develops 
acute cholecystitis secondary to extension of the tumor 
into the cystic duct before it has spread elsewhere. The 
diagnosis rests largely on cholecystography documenting 
gallstones accompanied by abnormalities of the gallblad- 
der wall profile. Ultrasonography to identify dilated bile 
ducts and CT scans are sometimes helpful. Neither 
radiation nor chemotherapy is effective in treatment. 
Surgical resection is rarely curative because of local or 
distant spread. Thus, there is the view that earlier 


cholecystectomy for gallstones would have prevented 


the development of this form of carcinoma in one patient 
in 200—but which one?! 


CARCINOMA OF BILE DUCTS AND 
AMPULLA OF VATER 


The designation carcinoma of the bile ducts is 
meant to include involvement of any of the extrahepatic 
bile ducts as well as the intraduodenal segment. The 
latter form is usually distinguished as carcinoma of the 
ampulla of Vater. Carcinomatous involvement of these 
ducts in the aggregate occurs somewhat less often than 
carcinoma of the gallbladder. However, these malignan- 
cies far outnumber in frequency all the other rather 
uncommon benign neoplastic (papilloma and adenoma) 
involvements of these structures. The same age range 
is affected as in carcinoma of the gallbladder but, 
although this last-mentioned neoplasm is more common 
in females, carcinomas of the bile ducts are slightly 
more frequent in males.” There is no convincing as- 
sociation between gallstones and bile duct cancer. On 
the other hand, there is a suggestion that chronic 
infection and inflammation within the ducts may consti- 
tute predisposing influences. In the Orient, infections 
by liver flukes—Clonorchis sinensis, and mainly Opis- 
thorchis viverrini—are thought to constitute significant 
predispositions, but the frequency of such infections in 


the population raises the possibility that the concurrence 
may be coincidental. For unknown reasons, patients 
with ulcerative colitis are at slightly increased risk. 


The sites of these tumors in order of frequency are: 
the periampullary region; the common bile duct, espe- 
cially the lower end; the junction of the cystic hepatic 
and common ducts (sometimes called a Klatskin tumor); 
the hepatic ducts; and the cystic duct. Most neoplasms, 
when clinically discovered, are small because they give rise 
to obstructive symptoms early. Nonetheless, spread along 
the ductal system, to regional nodes, as well as hematoge- 
nous dissemination, too often precludes curative resection. 
Tumors arising at the junction of the hepatic ducts have 
been said to be more indolent and slower to metastasize. 
The neoplasms take one of three forms: (1) papillary 
fungating, (2) intraductal nodules, and (3) diffuse infil- 
trative lesions of the wall of the ducts. In the region of 
the papilla they generally take the form of small hemispheric 
masses narrowing the orifice and protruding into the duo- 
denal lumen. Only rarely do they exceed 2 to 3 cm in 
diameter and 1 cm in height (Fig. 19-58). In most instances 
the overlying duodenal mucosa is intact, but occasionally 
permeation of the duodenal wall may cause ulcerations and, 
for this reason, is associated with melena. Whatever the 
location, obstruction may give rise to dilatation of the more 
proximal biliary structures. Cancers arising in the cystic duct 
may produce hydrops of the gallbladder. 

Histologically, most of these neoplasms are adenocar- 
cinomas that may or may not be mucin secreting. Some 
have papillary characteristics and, uncommonly, squamous 
metaplasia gives rise to squamous cell carcinomas or ad- 
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Figure 19—58. Carcinoma of papilla of Vater. Widened common bile 
duct comes down from above. Neoplasm has been split open to 
demonstrate 1.5 cm size of mass. 
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enoacanthomas. For the most part, an abundant fibrous 
stroma accompanies the epithelial proliferation. 
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When symptoms appear with these neoplasms they 
are usually related to ductal obstruction (85 to 100% of 
cases), namely, obstructive jaundice, often preceded by 
pruritus and sometimes accompanied by weight loss. 
Associated changes are elevated levels of serum alkaline 
phosphatase, bile-stained urine, decolorized stools, and 
sometimes malabsorption of fats and fat-soluble vita- 
mins. Regrettably, bile has detergent properties and 
thus can flow through minute orifices, so that obstructive 
symptoms only appear quite late. Classically, obstruc- 
tive jaundice caused by impacted gallstones is often 
accompanied by pain, but carcinomas of the bile duct 
sometimes also cause pain.””” Indeed, severe pain and 
fever occasionally constitute the presenting manifesta- 
tions. The fever usually implies complicating ascending 
cholangitis. According to Courvoisiers law (p. 947), 
enlargement of the gallbladder would be anticipated 
with neoplastic obstruction, but it is present in only 
about one-half of the cases. 

As pointed out in the discussion of gallstones (p. 
947), the differentiation of obstructive jaundice due to 
neoplasia from calculous disease is a major clinical 
problem. In this differential diagnosis it is important to 
rule in or out the presence of stones in the gallbladder 
or ducts, using one of the many diagnostic modalities 
mentioned. However, the mere presence of gallstones 
does not preclude the existence of concomitant neopla- 
sia. The cancers can sometimes be diagnosed by trans- 
hepatic or retrograde cholangiography, ultrasonography, 
and, in some cases, CT scan, but most often all that can 
be established is abnormal dilatation of ducts (ultrason- 
ography is said to be 95% accurate).?"* Examination of 
duodenal drainage for tumor cells or for crystalline 
debris accompanying gallstones is sometimes of use in 
the differential diagnosis. Ultimately, however, surgical 
exploration may be necessary. Most of these ductal 
cancers are not surgically resectable at the time of 
clinical diagnosis and, therefore, the best that can be 
achieved is palliation in the form of relief of the ductal 
obstruction. The average postoperative survival is six 
months to one year. Cancer of the periampullary region, 
however, offers a somewhat better prognosis; a 20 to 
40% five-year survival has been achieved by radical 
pancreaticoduodenectomy (Whipple's procedure). 
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Anomalies of ducts 
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Pancreatitis 


Miscellaneous “Regressive” Changes 
Stromal fatty Infiltration or fatty 


Pancreatic atrophy 
Agonal changes 


THE PANCREAS 


Tumors 
Cysts 
Congenital cysts 
Pseudocysts 
Neoplastic cysts 
Carcinoma of pancreas 


Acute hemorrhagic pancreatitis 


Chronic pancreatitis 


NORMAL 


In its posterior location in the upper abdomen, the 
pancreas is one of the “hidden” organs in the body. It 
is virtually impossible to palpate clinically. Diseases that 
impair its function only evoke signs or symptoms when 
far advanced, because there is such a large reserve of 
both endocrine and exocrine function. Some lesions are 
only manifested by encroachment on neighboring struc- 
tures. For example, carcinoma of the pancreas may be 
discovered only when it invades the vertebral column, 
occludes the biliary system, or causes disturbances in 
the stomach or colon. 

The pancreas arises from two duodenal buds that 
are referred to, respectively, as the dorsal and ventral 
pancreas.! Fusion of the two creates the adult organ, 
after which the two contributions can no longer be 
distinguished. The ductal drainage systems anastomose, 
and the major excretory duct of the dorsal pancreas, 
draining into the duodenum, persists as the duct of 
Wirsung. Usually, the duct of the ventral pancreas 
disappears, but if it persists it creates the accessory duct 
of Santorini. However, there is much variability in this 
ductal system. In two-thirds of adults the major pan- 
creatic duct does not empty directly into the duodenum 
but into the common bile duct just proximal to the 
ampulla of Vater, thus providing a common channel to 
the pancreatic and biliary drainage. 

In the adult the average pancreas is about 15 cm 
in length and weighs 60 to 140 gm. Its gross anatomic 
relationships include immediate proximity to the duo- 
denum, ampulla of Vater, common bile duct, superior 
mesenteric artery, portal vein, spleen and its vascular 
supply, stomach, transverse colon, left lobe of the liver, 
and lower recesses of the lesser omental cavity. Inflam- 
matory and neoplastic processes within the pancreas 
may cause secondary involvement of many adjacent 
structures that produces, in many cases, the character- 
istic signs and symptoms of pancreatic disease. 

Histologically, the pancreas has two separate com- 
ponents, exocrine and endocrine glands. The endocrine 
pancreas is described on page 972. The exocrine portion, 
constituting 80 to 85% of the organ, is made up of 
numerous small glands (acini) aggregated into the lob- 
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ules seen in the gross. These acini are separated by a 
scant connective tissue stroma. The epithelial cells are 
columnar to truncated pyramids radially oriented about 
the gland circumference. The central lumen of the 
acinus is extremely small in the normal state and may 
not even be visible. Small microvilli project from the 
apical surfaces of the secretory cells into the lumen. 
The exocrine secretory cells are deeply basophilic in 
routine tissue stains because of their abundance of 
granular endoplasmic reticulum and ribosomes. The 
Golgi complex is well developed in these cells and, 
along with the endoplasmic reticulum, appears to be 
oriented toward the basal region. The apical regions of 
the cells contain abundant membrane-bound sacs en- 
closing zymogen granules. 

The ductal system of the pancreas is produced by 
progressive anastomosis of the extremely fine radicles 
that begin within the secretory acini. These small ducts 
eventually drain into the main pancreatic ducts. At first 
cuboidal, their lining epithelium becomes progressively 
higher to produce tall, columnar, regular aligned cells. 
This ductal epithelium is mucus secreting. About the 
larger ducts, there are numerous accessory branching 
ducts and mucous glands, which may be sufficiently 
agglomerated in the region of the duodenum to create 
the false impression of a well-differentiated glandular 
carcinoma. 

It is hardly necessary here to reiterate the secretory 
functions of the pancreas and the regulatory mechanisms 
that control such activity. Several points, however, are 
directly pertinent to disease processes and merit re- 
emphasis. The pancreas secretes 1.5 to 3 liters per day 
of an alkaline fluid containing enzymes and zymogens. 
Secretion is adjusted to the workload that it is called on 
to perform, i.e., the volume and character of the intes- 
tinal contents. The regulation of this secretion is a 
complex process that involves humoral and _ neural 
factors. The most important of these regulators are the 
hormones secretin and cholecystokinin, produced in the 
duodenum. The former stimulates water and bicarbo- 
nate secretion by duct cells, and the latter enhances the 
discharge of enzyme-containing zymogen granules by 
acinar cells. When the pancreas is stimulated to secre- 
tory activity, the zymogen granules, enclosed within 


Figure 20-1. Schematic representation of pathway of protein secre- 
tion in an exocrine pancreas (see text). (Modified from Jamieson, 
J. D.: Membranes and secretions. In Weissman, G., and Claiborne, 
R. (eds.): Cell Membranes: Biochemistry, Cell Biology and Pathol- 
ogy. New York, H. P. Publishing Co., 1975.) 


membranous sacs originating from the Golgi complex, 
migrate to the apical region of the cell. Here the sac 
becomes attached to the plasma membrane, and rupture 
at the point of attachment releases the enzyme-rich 
zymogen granules into the acinus of the gland (Fig. 20—- 
1). Fats and alcohol are particularly active stimulators 
of secretin production, and therefore indirectly of the 
pancreas. 

A second point of interest relates to the elaboration 
of the proteolytic enzymes. These include trypsin, chy- 
motrypsin, aminopeptidases, and elastase. In addition, 
the pancreas secretes amylases, lipases, and phospholip- 
ases. Self-digestion of the pancreas is prevented by two 
means: (1) these enzymes are elaborated as inactive 
precursors that are only activated in the duodenum and 
(2) protease inhibitors are normally present within acini 
and pancreatic secretion. One of the most important 
pancreatic diseases, acute hemorrhagic pancreatic ne- 
crosis, is initiated by activation of these enzymes within 
the pancreatic parenchyma. 


PATHOLOGY 


The most significant disorders of the exocrine pan- 
creas are cystic fibrosis (p. 493), acute and chronic 
pancreatitis, and tumors.* It should be emphasized that, 
from the standpoints of both morbidity and mortality, 
diabetes mellitus (a disorder of endocrine metabolism) 
overshadows all the other pancreatic disorders. How- 
ever, a knowledgeable alertness to exocrine pancreatic 
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disease is most necessary, since almost all these disor- 
ders are difficult to diagnose because of the hidden 
position and large reserve function of this organ, and 
because they appear under such diverse guises as a 
catastrophic “acute abdomen’ or the silent growth of a 
carcinoma. 


CONGENITAL ANOMALIES 


The pancreas is subject to a variety of congenital 
disorders that, with the exception of fibrocystic disease, 
are either quite uncommon or of little clinical signifi- 
cance.” The gland may be totally absent (agenesisS). 
Complete agenesis is quite regularly associated with 
widespread severe malformations that are incompatible 
with life. The endocrine and exocrine elements may be 
hypoplastic. The gland may exist as two separate struc- 
tures representing the persistence of the dorsal and 
ventral pancreas. The head of the pancreas may encircle 
the duodenum as a collar (annular pancreas) and some- 
times may cause subtotal duodenal obstruction and 
consequent clinical symptoms. Two additional anomalies 
occur with sufficient frequency or have sufficient clinical 
significance to merit separate consideration. 


ABERRANT PANCREAS 


Aberrant, or ectopic, displaced pancreatic tissue is 
found in about 2% of all routine postmortems. The most 
favored sites for such ectopia follow the order of the 
descent of the intestinal tract; i.e., they are most 
common in the stomach and duodenum with about 
equal frequency, next in the jejunum, then in Meckel’s 
diverticulum, and then in the ileum. Usually, the masses 
vary from a few millimeters to 3 to 4 cm in diameter. 
They appear as single or multiple, firm, yellow-gray 
nests within the wall of the gut subjacent to the mucosa, 
lying usually within the submucosa (Fig. 20-2). They 
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Figure 20-2. Aberrant pancreas. Mucosa of jejunum has been 
incised to disclose the rest of the pale yellow-white, submucosal, 
lobulated pancreatic tissue. 
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are composed histologically of glands that appear com- 
pletely normal, and not infrequently islets of Langerhans 
are also present. 

In such locations, they may be discovered acciden- 
tally in the course of a laparotomy, visualized radio- 
graphically as sessile lesions that project slightly into 
the lumen of the bowel, or seen on endoscopy in the 
course of studies for gastrointestinal symptoms. About 
2% of islet cell tumors arise in ectopic pancreas.* 


THE PANCREAS 


ANOMALIES OF DUCTS 


Anomalies of the pancreatic duct represent a second 
type of congenital defect that is sometimes of clinical 
importance. The ducts of Wirsung and of Santorini may 
both persist as totally separate structures. The major 
excretory pancreatic duct, the duct of Wirsung, may 
drain into the common bile duct or may drain through 
an abnormally high orifice in the duodenum. These 
variations seem to be of little importance except for two 
considerations: (1) unless recognized, they may poten- 
tiate ligation or severance of ducts during surgery 
around the ampulla, causing serious sequelae; and (2) 
one of these anomalies, pancreas divisum, predisposes 
to recurrent pancreatitis (p. 966). 


MISCELLANEOUS ‘REGRESSIVE’ 
CHANGES 


The pancreas is extremely labile and susceptible to 
a great variety of adverse influences. Following death, 
it undergoes postmortem autolysis almost as rapidly as 
the brain. It is likewise affected by any severe febrile 
or systemic toxic disorder and reacts by cell swelling 
and hydropic degeneration. For the most part, these 
cytologic alterations are of little clinical import. Certain 
so-called regressive changes, however, are of some 
significance. Most have already been discussed in the 
earlier sections of the book, but are briefly reiterated 
for emphasis. 


Stromal Fatty Infiltration or Fatty Ingrowth 


These alterations sometimes enlarge the apparent 
size of the pancreas by spreading apart the lobular 
structure, but much more commonly the pancreas is 
either normal in size or even smaller (adipose atrophy). 
The dispersion of the parenchyma may create the 
impression that the pancreas has been totally replaced 
by a mass of adipose tissue. However, the fat is confined 
to the interstitial stroma and does not disturb the 
parenchymal elements; if the fat is dissolved out, a 
normal amount of pancreatic substance can be re- 
covered. It has been pointed out that the genesis of this 
condition is entirely obscure. Fatty ingrowth of the 
pancreas is unrelated to any apparent pancreatic dys- 
function. 


Pancreatic Atrophy 


The usual cause of atrophy is ischemia due to 
atherosclerosis of the pancreatic arteries. Under these 
circumstances, the parenchymal atrophy affects both the 
endocrine and exocrine elements but is usually minimal 
and of little functional significance. Most often, there is 
only an increase of stromal connective tissue without 
obvious loss of pancreatic substance. Pancreatic atrophy 
also occurs in chronic protein deficiency such as kwa- 
shiorkor or protein-losing enteropathy. More important 
atrophy may be caused by obstruction of the pancreatic 
ducts. In this form, the islets of Langerhans are totally 
spared, but the exocrine glands undergo progressive 
disuse or pressure atrophy to the point of total disap- 
pearance (Fig. 20-3). The discovery that such exocrine 
atrophy with preservation of islets could be induced by 
ligature of the pancreatic ducts paved the way for the 
pioneer experiments on the extraction and identification 
of insulin. In man, such exocrine atrophy may be caused 
by congenital stenosis or atresia of ducts, inflammatory 
stenoses of the ducts, surgical ligature of ducts, obstruc- 
tive pancreatic calculi, squamous metaplasia of the lining 
epithelium with piling up of epithelial debris, or neo- 
plastic obstruction. Whatever the cause, the pancreas 
becomes reduced to a small, irregular, nodular, fibrous 
mass. 

On section, only fibrous tissue can be identified, 
usually traversed by dilated ducts that are sometimes 
ballooned out into cystic enlargements. When the ob- 
struction affects only tributaries of the main pancreatic 
duct, the atrophy involves only regional portions of the 
pancreas. The histologic identification of such atrophy 


Figure 20-3. Pancreatic atrophy due to ductal obstruction. Acinar 
glands are totally replaced by fibrous tissue, but islets are preserved. 


is readily made by the preservation of islets, with total 
disappearance and fibrofatty replacement of the acinar 
glands. 


Agonal Changes 


Not uncommonly, at postmortem examination focal 
or extensive areas of hemorrhage are found in the 
pancreas (pancreatic apoplexy). These hemorrhages are 
usually unassociated with either macroscopic or micro- 
scopic evidence of inflammatory reaction or tissue ne- 
crosis. The absence of inflammatory reaction indicates 
that such bleeding must have occurred in the agonal 
stages of life, probably influenced by shock and hypoxia 
(shock pancreas). 


PANCREATITIS 


Inflammation of the pancreas, almost always asso- 
ciated with acinar cell injury, is termed pancreatitis.® © 
Clinically and histologically, pancreatitis presents as a 
spectrum, dependent on duration and severity.* Acute 
pancreatitis includes a mild, self-limited form termed 
interstitial or edematous pancreatitis, and a more seri- 
ous severe type, acute hemorrhagic (necrotizing) pan- 
creatitis. In chronic relapsing pancreatitis, there is 
persistence or recurrence of episodes of active pancrea- 
titis, eventually leading to chronic pancreatic insuff- 
ciency (chronic pancreatitis). 


ACUTE HEMORRHAGIC PANCREATITIS 


Acute hemorrhagic pancreatitis (acute pancreatic 
necrosis) refers to a sudden, more or less diffuse de- 
struction of pancreatic substance caused by the escape 
of activated pancreatic enzymes into the parenchyma. 
These enzymes characteristically cause focal areas of fat 
necrosis in and about the pancreas and in other fatty 
depots in the abdominal cavity. They also lead to rupture 
of pancreatic vessels and relatively insignificant or mas- 
sive hemorrhages into the parenchyma of this organ. 

INCIDENCE. This condition occurs about once in 
every 500 to 600 medical and surgical admissions to a 
general hospital. Although by no means common, it is 
a dramatic, life-threatening illness. Acute pancreatitis 
occurs most often in middle life and is frequently 
associated with two conditions: biliary tract disease and 
alcoholism. Hemorrhagic pancreatitis often follows an 
alcoholic debauch or an excessively large meal. The 
male:female ratio for pancreatitis is 1:3 in those with 
biliary tract disease and 6:1 in those with alcoholism. A 
hereditary predisposition to pancreatitis has been iden- 
tified in some families, transmitted apparently as an 
autosomal dominant trait.’ However, such familial dis- 
ease more commonly takes the form of chronic relapsing 
pancreatitis (p. 966) rather than acute pancreatitis. Al- 
though relatively rare, familial pancreatitis is the most 
common type encountered in children. 
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ETIOLOGY. As mentioned, the two leading condi- 
tions associated with acute pancreatitis are biliary tract 
disease (especially cholelithiasis) and excessive alcohol 
intake.* Gallstones are present in 35 to 60% of cases of 
pancreatitis, and about 5% of patients with gallstones 
develop pancreatitis. The proportion of cases of acute 
pancreatitis caused by alcoholism varies in different 
countries: it is 65% in the United States, but 20 to 25% 
in Sweden and 5% or less in southern France and 
England.? Other apparent but less common causes of 
pancreatitis include trauma; extension of inflammation 
from adjacent peptic ulcers or abdominal infections; 
blood-borne bacterial infections; viral infections such as 
mumps and hepatitis; acute ischemia induced by vas- 
cular thrombosis, embolism, polyarteritis nodosa, and 
shock;'° hypothermia; and drugs (azathioprine, thia- 
zides, sulfonamides, and oral contraceptives).!! Pancrea- 
titis also is occasionally associated with hyperlipopro- 
teinemia (especially types I and V)” and with 
hyperparathyroidism and other hypercalcemic states.° 
In many patients the etiology of pancreatitis is obscure; 
in various studies this so-called “idiopathic” pancreatitis 
accounts for 9 to 50% of all patients with the disease. 

PATHOGENESIS. The anatomic changes in this dis- 
ease clearly indicate that the acute pancreatic necrosis 
is caused by the destructive effects of pancreatic en- 
zymes, which run amuck within the pancreatic paren- 
chyma. 

It will be well to remember that the exogenous 
pancreas secretes at least 22 enzymes: 15 proteases 
(including elastase), three to six amylases, lipase, and 
phospholipase. These are normally present in the proen- 
zyme form and need to be activated to fulfill their 
enzymatic potential. Proteolysis, lipolysis, and hemor- 
rhage account for the three major morphologic features 
of this disorder. Thus, it would be natural to assume 
that proteases (trypsin, chymotrypsin), lipase, and elas- 
tase (which breaks down the elastic tissue of vessels) are 
the keys to such pancreatic destruction. Trypsin could 
play a key role, as it is able to activate the majority of 
proenzymes taking part in the process of autodigestion, 
such as proelastase and prophospholipase.’ Indeed, 
reflux of proteases into the pancreatic ducts initiates 
pancreatic inflammation in the experimental animal." 
Trypsin or chymotrypsin activity has been detected in 
human pancreatic juice or ascitic fluid in acute pancrea- 
titis, and experimental studies show that significant 
amounts of trypsin, chymotrypsin, and elastase can be 
measured in the pancreas early in the disease.’° Trypsin 
also converts prekallikrein to kallikrein, thereby activat- 
ing the kinin system and indirectly, through activation 
of Hageman factor, the clotting and complement system 
(p. 53). These mediators then contribute to the local 
inflammation, thrombosis, tissue damage, and hemor- 
rhage characteristic of acute hemorrhagic pancreatitis, 
as well as to systemic manifestations of the disease. 
Thus, the activation of trypsinogen is an important 
triggering event in pancreatitis.'® 

Two other enzymes that deserve mention are elas- 
tase and phospholipase A. Elastase is present in zymo- 
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gen granules of acinous cells and in pancreatic secretions 
as an inactive precursor. It is activated by trypsin, 
causes dissolution of elastic fibers of blood vessels and 
ducts, and is a likely culprit in the production of 
hemorrhage. Phospholipase A, when activated, has two 
effects: destruction of cell membranes and conversion 
of lecithin in bile to lysolecithin. This latter compound 
is highly toxic and may be capable of damaging the 
ductal system of the pancreas. 

But how are these enzymes activated and released 
within the pancreas? Theories abound, largely based on 
animal models, but facts on the human disease are 
scanty. It is likely that more than one pathway may lead 
to such activation. Some of the postulated mechanisms 
are listed below (Fig. 20-4). 

1. Acinar cell injury. Viruses, endotoxin, toxic 
chemicals, ischemia, and trauma!’ result in direct acinar 
cell damage, with intrapancreatic activation and release 
of enzymes. This is the currently favored theory for 
pancreatitis not caused by biliary tract disease or alco- 
holism. 

2. Duct obstruction. This presumably leads to leak- 
age of enzymes from small ducts as a result of increased 
intraductal pressure. Since the main pancreatic duct 
joins the common bile duct in two-thirds of normal 
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individuals, gallstones impacted in the ampulla of Vater 
cause pancreatic obstruction. Indeed, 70 to 85% of 
patients with gallstone-associated pancreatitis have evi- 
dence of gallstones either in the ampulla or in the 
stools.'® However, experimental work indicates that 
obstruction alone is insufficient to cause hemorrhagic 
pancreatitis. Two additional factors that may contribute 
to pancreatic necrosis in this setting are biliary reflux 
and duodenal reflux. Biliary reflux into the pancreatic 
ducts allows delivery of the lecithin in bile into the 
pancreas, where it can be converted by phospholipase 
A to the highly toxic lysolecithin. Duodenal reflux may 
occur owing to damage of the sphincter of Oddi as a 
result of biliary disease, allowing duodenal contents to 
enter the pancreatic enzymes. Gallstones impacted in 
the common bile duct or duodenal papilla may also 
splint or dilate the sphincter, causing the same effect. 

Alcohol may also induce partial pancreatic duct 
obstruction. It has been shown that chronic alcohol 
ingestion increases the protein concentration of pan- 
creatic secretions, inducing inspissated protein plugs in 
ducts and focal pancreatic duct obstruction. This effect, 
however, is more important in the pathogenesis of 
chronic alcoholic pancreatitis. 

3. Hyperlipidemia. Hypertriglyceridemia clearly 
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Figure 20—4. Etiology and pathogenesis of pancreatitis. (Modified from Longnecker, D. S.: Pathology 
and pathogenesis of diseases of the pancreas. Am. J. Pathol. 707:103, 1982.) 


contributes to the pathogenesis of acute recurrent pan- 
creatitis in patients with types I and V hyperlipoprotei- 
nemia,'* in females and males on estrogen therapy, and 
also probably in acute alcoholics. In the latter, serum 
triglycerides may rise to over 1000 mg/dl after a lipid 
meal.”” The mechanism is not clear, but experimental 
studies suggest that lipolysis of triglycerides by pan- 
creatic lipase in and around the pancreas leads to high 
local tissue levels of free fatty acids. These free fatty 
acids are presumably toxic to acinar cells and blood 
vessels.” 

4. Hypercalcemia. Seven to 19% of patients with 
either a parathyroid adenoma or a parathyroid carcinoma 
develop acute pancreatitis.‘* The basis for this associa- 
tion is not entirely clear, but increased calcium concen- 
trations are known to stimulate an increase in the 
autoactivation of trypsinogen.” 

Figure 20—4 ‘summarizes the proved or postulated 
mechanisms in the pathogenesis of pancreatitis. 


MORPHOLOGY. The histologic changes are presented 
first because they can be predicted, to a considerable extent, 
from the presumed pathogenesis of this disease. The basic 
alterations are four in number: proteolytic destruction of 
pancreatic substance, necroses of blood vessels with 
subsequent hemorrhage, necrosis of fat by lipolytic 
enzymes, and an accompanying inflammatory reaction. 
The extent and predominance of each of these alterations 
depend on the duration and severity of the process. In the 
very early stages, a phase that has usually passed by the 
time the patient comes to postmortem examination, only 
interstitial edema is present. Soon after, focal and confluent 
areas of frank necrosis of endocrine and exocrine cells are 
found. The affected cells assume a glassy, clouded appear- 
ance and then progressively undergo granular coagulative 
necrosis. The accompanying neutrophilic inflammatory re- 
action is usually confined to the margins of the necrotic foci. 
Hemorrhagic extravasation may be minimal to extreme. In 
milder cases, the interstitium is suffused with red blood cells 
and fibrin clots; in severe instances, large areas of the 
pancreatic substance are virtually converted to a mass of 
blood clot. 

Perhaps the most characteristic histologic alteration of 
acute pancreatic necrosis is the focal areas of fat necrosis 
that occur in the stromal, peripancreatic fat, and fat depots 
throughout the abdominal cavity (Fig. 20-5). These lesions 
consist of enzymatic destruction of fat cells, in which the 
vacuolated fat cells are transformed to shadowy outlines 
of cell membranes filled with pink, granular, opaque 
precipitate. Presumably, this contained granular material is 
derived from the hydrolysis of fat. The liberated glycerol is 
reabsorbed, and the released fatty acids combine with 
calcium (a process referred to as saponification, or the 
formation of soaps) to form insoluble salts that are precipi- 
tated in situ. Amorphous basophilic calcium precipitates may 
be visible within the necrotic focus. 

Secondary bacterial invasion, a common occurrence 
after the passage of three to four days, may modify this 
picture by converting many areas into foci of characteristic 
suppurative necrosis or frank abscess formation. If the 
patient survives, the acute necrotizing damage may resolve 
slowly and be replaced by diffuse or focal parenchymal or 
stromal fibrosis, calcifications, and irregular ductal dilata- 
tions. Occasionally, liquefied areas are walled off by fibrous 
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Figure 20-5. Acute pancreatic necrosis. Central focus of necrotic 
fat is surrounded by a rim of leukocytic infiltration. 


tissue to form small or large cystic spaces, known as 
pseudocysts. 

Macroscopically, the dominant characteristics of acute 
pancreatic necrosis are areas of gray-white proteolytic 
destruction of parenchymal substance, hemorrhage, 
and chalky white areas of fat necrosis. In the typical case 
there is an extremely variegated, maplike patterning in the 
pancreas, with areas of blue-black hemorrhages and other 
areas of gray-white necrotic softening, alternating with sprin- 
kled foci of yellow-white, chalky fat necrosis (Fig. 20-6). 

Characteristically, there are accompanying changes in 
the remainder of the abdominal cavity. In most instances, 
the peritoneal cavity contains a serous and slightly turbid, 
brown-tinged fluid in which globules of oil can be identified 
(so called “chicken-broth” fluid). In late cases, this fluid may 
become bacterially infected to produce suppurative perito- 
nitis. Additionally, foci of fat necrosis may be found in any 
of the fat depots, such as in the omentum, mesentery of the 
bowel, and properitoneal deposits. Occasionally, fat necrosis 
has been described in fat depots outside the abdominal 
cavity. Associated biliary tract disease, cholecystitis, and 
cholelithiasis have been reported in up to two-thirds of cases 
of acute pancreatic necrosis. The relationship between this 
biliary tract disease and pancreatitis has already been noted. 


CLINICAL Course. Full-blown, acute pancreatic 
necrosis is a medical emergency of the first magnitude. ® 
These patients usually have the sudden calamitous onset 
of an “acute abdomen’ that must be differentiated from 
diseases such as acute appendicitis, perforated peptic 
ulcer, acute cholecystitis with rupture, and occlusion of 
mesenteric vessels with infarction of the bowel, to 
mention a few. Characteristically, the pain appears 
without prodromal symptoms, usually soon after a larga 
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Figure 20—6. Acute hemorrhagic pancreatic necrosis. The destruc- 
tion here is moderate in severity and consists principally of scattered 
foci of white necrotic fat with several darker areas of hemorrhage 
above. 


meal or an alcoholic binge. The pain is constant and 
intense, and is often referred to the upper back. In 
many cases, the agonizing pain soon leads to peripheral 
vascular collapse and sometimes is followed by a pro- 
found shocklike state. Many explanations have been 
offered for this rapid development of shock. Loss of 
blood, when severe, and electrolyte disturbances clearly 
contribute to the hypotension. There is increasing evi- 
dence, however, that release of vasodilatory agents such 
as bradykinin and the prostaglandins may be the cause 
of shock in acute pancreatitis. Endotoxemia with com- 
plement activation has also been observed.” 

Jaundice sometimes appears after the first day and 
is presumed to be due to edematous narrowing of the 
common bile duct. The laboratory may provide direct 
support for the diagnosis. Characteristically, there is an 
elevation of the serum amylase level within the first 24 
hours and the serum lipase level somewhat later (72 to 
94 hours). Both fall to basal levels two to five days after 
the acute phase passes. Elevated enzyme levels may 
also be produced by acute cholecystitis, perforated 
peptic ulcer, and other inflammatory conditions in the 
upper abdomen that impinge on the pancreas, but they 
rarely attain a value of five times normal, which so 
commonly occurs in primary acute pancreatitis. Ele- 
vated serum lipase is somewhat more specific for pan- 
creatic disease, and there are now simple sensitive 
assays for this enzyme. 

Glycosuria develops transiently in about 5 to 10% 
of cases, apparently as an expression of acute disturbance 
in islet cell function. In patients with fat necrosis, 
hypocalcemia is frequent, and if persistent is a poor 
prognostic sign. 


Therapy for acute pancreatitis is supportive and 
aimed at “giving the pancreas a vacation, i.e., inhibition 
of pancreatic secretion. This is accomplished by stopping 
oral intake of food and fluids, withdrawal of gastric 
secretions by nasogastric suction, and intravenous fluid 
replacement. About 5% of these patients die from the 
acute effects of peripheral vascular collapse and shock 
during the first week of the clinical course. Acute adult 
respiratory distress syndrome (shock lung) and acute 
renal failure are particularly ominous complications. If 
patients survive this period, a variety of sequelae may 
follow, including abscess, pseudocyst (p. 968), and duo- 
denal obstruction. 


CHRONIC PANCREATITIS 


This entity might be more appropriately termed 
chronic relapsing pancreatitis because it often repre- 
sents progressive destruction of the pancreas by re- 
peated flareups of a mild or subclinical type of acute 
pancreatitis.2”°° The disease occurs in the same type of 
patient likely to develop acute pancreatitis—most com- 
monly the alcoholic and, less frequently, the patient 
with biliary tract disease. Hypercalcemia and hyperli- 
pidemia also predispose to chronic pancreatitis. Studies 
show that, in up to 12% of patients, recurrent pancrea- 
titis is associated with pancreas divisum, a develop- 
mental anomaly of the pancreatic duct resulting from 
incomplete fusion of ventral and dorsal pancreatic an- 
lage.*° However, chronic pancreatitis is not usually 
preceded by an attack of classic acute hemorrhagic 
pancreatitis, and usually patients with acute hemor- 
rhagic pancreatitis who recover develop “pseudocysts’ 
rather than chronic fibrosing pancreatitis. The condition 
is more common in males than in females. Up to 40% 
of patients have no recognizable predisposing factor. 
There are relatively rare special forms of chronic pan- 
creatitis, such as nonalcoholic tropical pancreatitis and 
familial hereditary pancreatitis. Familial pancreatitis 
begins in childhood and predisposes to the development 
of pancreatic carcinoma in later years. 

The pathogenesis of chronic pancreatitis is as varied 
as that of acute pancreatitis. In chronic alcoholic pan- 
creatitis, Sarles and colleagues®” believe that chronic 
alcohol intake causes increased protein secretion by the 
pancreas, owing to increased cholinergic tone, and that 
the subsequent obstruction of ducts by protein-rich 
plugs contributes to the damage. Genetic factors appear 
to operate in certain cases. Protein-calorie malnutrition 
probably plays a role in the tropical pancreatitis present 
in southeast Asia and parts of Africa, where alcohol 
consumption is extremely low. 


Morphologically, several types of chronic pancreatitis?’ 
have been described, but by far the most common is chronic 
calcifying pancreatitis. This type is seen most frequently 
in alcoholics.”° The lesions have a lobular distribution, and 
all components of the involved lobule are affected. There is 
atrophy of the acini, marked increased in interlobular fibrous 
tissue, and a chronic inflammatory infiltrate around lobules 


and ducts (Fig. 20—7). The interlobular and intralobular ducts 
are dilated and contain protein plugs in their lumina. The 
ductal epithelium may be atrophied or hyperplastic, or may 
show squamous metaplasia (Fig. 20-8). The islets appear 
remarkably unaltered, even though they are enmeshed in 
sclerosed tissue or severely damaged lobules. Grossly, the 
gland is hard and exhibits foci of calcification and fully 
developed pancreatic calculi. Pancreatic calculi vary from 
concretions invisible to the naked eye to stones 1 cm to 
several centimeters in diameter. Pséudocyst formation is 
common in this type of pancreatitis. 

A second morphologic form of pancreatitis is chronic 
obstructive pancreatitis; here, the distribution of lesions is 
not lobular, and the ductal epithelium generally is less 
severely damaged. There may be protein plugs in the ducts, 
but this is a rare finding, and calcified stones are exceptional. 
The most common cause of this type appears to be stenosis 
of the sphincter of Oddi associated with cholelithiasis. The 
lesions are more prominent in the head of the pancreas, 
and regress after sphincterotomy of the sphincter of Oddi. 
Any other obstructive lesion of the pancreatic ducts may 
result in this morphologic change, such as carcinoma or 
accidental ligation of the duct during gastrectomy. 


Both morphologic forms of the disease are charac- 
terized by recurrent attacks of pain at intervals of months 
or years. The intervals between episodes may shorten 
progressively until the attacks are almost constant. The 
attacks may be precipitated by alcohol abuse, overeat- 
ing, or the use of opiates and other drugs. In an acute 
attack there may be mild fever and slight jaundice, 
upper abdominal tenderness, mild or moderate eleva- 
tions of serum amylase, elevations of serum alkaline 
phosphatase, and, less commonly, hyperlipemia and 
hypocalcemia. Abdominal radiography may show calci- 
fication in the region of the pancreas. Diabetes, steator- 
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Figure 20—7. Chronic pancreatitis. Large fibrous scar with lympho- 
cytic infiltration occupies center of field. 
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Figure 20-8. Pancreas with squamous metaplasia of one of the 
small ducts virtually obliterating its lumen. Note dilated duct above 
filled with inspissated secretion. 


rhea, and pancreatic pseudocysts occur so frequently 
that they may perhaps be considered late features rather 
than complications of chronic pancreatitis. Abnormal 
glucose tolerance or frank diabetes occurs in 14 to 90% 
of cases of pancreatitis, and steatorrhea in 25 to 35% of 
cases. Fat content of stools often exceeds that found in 
other disorders marked by steatorrhea, and a disturbing 
rectal leakage of oily material is almost pathognomonic. 
Profound weight loss and hypoalbuminemic edema are 
present in end-stage pancreatic insufficiency. 

Between attacks during the early stages of the 
disease, patients may be entirely asymptomatic. For 
this reason and because of the wide spectrum of the 
clinical manifestations and the recurrent nature of this 
condition, chronic relapsing pancreatitis is a difficult 
diagnosis to make clinically. Ultrasound and CT scan- 
ning are most helpful in such settings; they can detect 
cysts, calcifications, and enlarged ducts and can exclude 
tumors. 


TUMORS 


The heading “tumors” is used to include a variety 
of non-neoplastic and neoplastic masses that involve this 
organ. The non-neoplastic masses almost invariably take 
the form of cysts, whereas the neoplasms are of both 
benign and malignant and primary and secondary types. 
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Cysts are infrequent findings in the pancreas, but 
are of considerable clinical significance since they may 
present as abdominal masses that are suspected of being 
malignant. Distinction among the several types of cysts 
described is of practical importance, since it affects their 
clinical management. 


Congenital Cysts 


Congenital cysts are believed to result from anom- 
alous development of the pancreatic ducts. In the gen- 
esis of the pancreas, it is postulated, a succession of 
duct systems develop and degenerate until the adult 
definitive pattern is created. Persistence and segmen- 
tation of some of the primitive ducts may give rise to 
small sequestered nests of ductal secretory cells that fill 
up with fluid to create cysts. Congenital cystic disease 
of the pancreas, liver, and kidney not infrequently 
coexists. These cysts are usually multiple, but occasion- 
ally occur singly. They range in size from microscopic 
lesions to larger spaces up to 3 to 5 cm in-diameter. 
They are lined by a smooth, glistening membrane that 
may, on histologic section, have total atrophy of the 
lining epithelial cells or may show preservation of flat- 
tened pavement or low cuboidal epithelial cells. They 
are usually enclosed in a thin fibrous capsule and are 
filled with a clear-to-turbid mucoid or serous fluid. 
Occasionally, hemorrhage or infection modifies the ap- 
pearance of the lining epithelium and the cystic con- 
tents. 

In one rare entity, Lindau-von Hippel disease, 
angiomas are found in the retina and cerebellum or 
brain stem in association with cysts in the pancreas, 
liver, and kidney. 


Pseudocysts 


This term is applied to a collection of fluid that 
arises from loculation of inflammatory processes, ne- 
croses, or hemorrhages.* This type represents the over- 
whelming majority of clinically important cysts and is 
almost always associated with pancreatitis. Pseudocysts 
may also follow traumatic injury to the abdomen with 
direct damage and hemorrhage in the pancreas. Acute 
pancreatitis or trauma precedes the clinical discovery of 
a pseudocyst in nine of ten cases. These cysts are usually 
solitary and are frequently quite massive, but most 
measure 5 to 10 cm in diameter. They may be situated 
within the pancreatic substance, but more often they 
are found adjacent to the pancreas, particularly in the 
region of the tail of the pancreas. Sometimes these 
pseudocysts are formed by the accumulation of fluid in 
the lesser omental sac adjacent to the tail. The cyst 
walls may be moderately thin, but are usually quite 
thick and fibrous (Fig. 20-9). Characteristically, they do 
not have an epithelial lining and have no connection or 
communication with surrounding ductal systems. There 
may be a marked inflammatory reaction in the fibrous 


capsule and often organizing blood clot, old blood 
pigment, precipitates of calcium, and cholesterol crys- 
tals. Usually, by the time the lesion is removed, the 
fluid contents have been transformed to a turbid serous 
fluid, and even though the initial lesion may have been 
bacterially infected, the bacterial contamination may 
have long since died out. 

Pseudocysts may produce abdominal pain and in- 
traperitoneal hemorrhage, and if infected may cause 
generalized peritonitis. However, their clinical signifi- 
cance lies in their being discovered as an abdominal 
mass in a location that strongly suggests a primary intra- 


abdominal malignancy. 


In the past few years, ultrasonography has emerged 
as a safe, powerful procedure for the diagnosis of pan- 
creatic cysts and their differentiation from other intra- 
abdominal cysts and tumors (Fig. 20-10). With ultra- 
sound, pancreatic cysts are evident as sonolucent areas 
with relatively smooth, well-circumscribed outlines. 
Pseudocysts are usually unilocular; multiloculation sug- 
gests a neoplastic cyst. CT scanning adds to the speci- 
ficity of ultrasound in this setting. 


Neoplastic Cysts 


These lesions are cystadenomas or cystadenocarci- 
nomas. They are very uncommon tumors of the pan- 
creas, presumed to arise as cystic neoplasms from the 
ducts. The neoplasms are usually solitary, 5 to 15 cm in 
diameter, and often multilocular. Histologically, they 
have a well-defined lining epithelium characteristically 
thrown up into numerous papillary projections that form 
branching villous processes. 

In the benign form, the columnar epithelial lining 
cells are well oriented to their basement membrane, 
are regularly aligned, and have no evidence of anaplasia, 
piling up, or invasiveness. In the cystadenocarcinoma- 
tous varieties, however, the epithelium assumes the 
anaplasia of all malignancy, becomes piled up into 
irregular proliferative masses, and invades the under- 
lying wall and adjacent structures. 


CARCINOMA OF PANCREAS 


The term “carcinoma of the pancreas” is meant to 
imply carcinoma arising in the exocrine portion of the 
gland. Although duct cells make up only 4% of all 
pancreatic cells, virtually all these cancers begin in the 
ductal epithelium; the acini themselves give origin to 
less than 1% of malignant tumors.*! ** Tumors that arise 
from the islets of Langerhans are specifically designated 
as islet cell tumors and will be considered later (p. 986). 

Pancreatic cancer continues to be a depressingly 
difficult problem.* These highly fatal cancers have a 
deceptively silent growth habit, so that by the time they 
are diagnosed they are rarely curable. They account for 
5% of all cancer deaths in the United States, with about 
25,000 new cases and 22,000 deaths from the disease 
each year. The incidence has increased threefold in 
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Fig. 20-10 


Figure 20-9. Pseudocyst of pancreas. Cyst has been opened and the contents drained. A small 


plaque of white calcium is visible in wall. 


Figure 20—10. Ultrasound of transverse section of abdomen showing a large pancreatic cyst (arrows). 
Anterior abdominal wall is on top. A = aorta; V = inferior vena cava; SP = spine; K = kidney; F = 
fat‘ S = stomach; P = splenic vein—-portal vein confluence. (Courtesy of Dr. T. Jones, Brigham and 


Women’s Hospital, Boston.) 


the last 40 years; this has been ascribed to smoking, 
diet, and chemical carcinogens.* The risk of pancreatic 
cancer among heavy smokers is about 2 to 2.5 times 
that of nonsmokers. There is also a positive but unex- 
plained correlation between mortality from cancer of 
the pancreas and per capita consumption of fats, and 
possibly calories. There is a higher risk of pancreatic 
cancer among chemists, and particularly in those ex- 
posed to industrial agents such as beta-naphthylamine 
and benzidine. Both ductal and acinar cancers can be 
induced by chemicals (e.g., nitrosamines) in animals.” 
The increased risk ascribed to coffee drinking is contro- 
versial at present.*” These tumors occur most often in 
the sixth, seventh, and eighth decades of life, although 
about 10% of patients are much younger. The incidence 
rates are higher in blacks than in whites, in males than 
in females, and in diabetics than in nondiabetics. 

These lesions may arise anywhere in the pancreas, 
but most studies show a fairly standard distribution: 
head of pancreas, 60%; body of pancreas, 15% to 20%; 
and tail of pancreas, 5%.* In 20% the tumor is either 
diffuse or has spread so widely as to preclude localization 
of its site of origin. From the standpoints of their clinical 
significance, usual life history and manner of spread, 
carcinomas of the head of the pancreas differ strikingly 
from those of the body and tail. Tumors of the head of 
the pancreas are in a strategic location to impinge upon 
the ampulla of Vater, common bile duct, and duodenum 
and thus cause obstructive biliary symptoms relatively 
early in their life history. These lesions, therefore, tend 
to be discovered while still small and before widespread 
metastasis has occurred. In contrast, cancers in the body 
and tail may grow silently for longer periods and become 
manifest only by extension to adjacent structures and 
by metastatic dissemination. 


Carcinoma of Head of Pancreas. Grossly, tumors in 
this region of the pancreas are fairly small lesions that 
frequently cause little or only moderate expansion of the 
head of the pancreas. Sometimes they are totally inapparent 
on external examination of the organ and create only the 
impression of some increased consistency and irregular 
nodularity. Other lesions create masses up to 8 to 10 cm in 
diameter. The gray-white, scirrhous, homogeneous tumor 
infiltrates and replaces the usual yellow lobular architecture. 
Characteristically, such lesions have poorly defined, ob- 
viously infiltrative margins with few, if any, foci of hemorrhage 
(Fig. 20—11). The tumor extends usually to the margin of the 
duodenum and invades the wall as well as the common bile 
duct. In a small percentage of cases, it extends directly 
through the wall either to produce a small fungating lesion 
within the duodenal lumen or, more often, to cause a shallow, 
irregular ulceration (Fig. 20—12). In this infiltrative growth, it 
surrounds and compresses, and less commonly directly 
invades, the common bile duct or ampulla of Vater, causing 
biliary obstruction. As a consequence, there is marked 
distention of the gallbladder in about 50% of patients. Those 
who die of carcinoma of the pancreas have intense bile 
stasis in the liver and other tissues, and may develop biliary 
cirrhosis. 

Most carcinomas of the pancreas grow in more or less 
well-differentiated glandular patterns and are thus adeno- 
carcinomas (Fig. 20-13). The tumors may be mucinous or 
non-mucin secreting. The glands are atypical, irregular, 
small, and bizarre, and are usually lined by anaplastic 
cuboidal-to-columnar epithelial cells. Other variants grow in 
an undifferentiated pattern. About 10% assume either an 
adenosquamous pattern or the uncommon pattern of ex- 
treme anaplasia with giant cell formation, numerous mi- 
toses, and bizarre pleomorphism; 0.5% arise in cysts and 
are termed cystadenocarcinoma. Rarely, carcinomas arise 
in acini (acinar cell carcinoma), particularly in children. 

Invasion of ducts, obliteration of ducts, destruction of 
islets, and invasion of lymphatics and vessels can often be 
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Figure 20-11. Carcinoma of head of pancreas. Mottled invasive lesion has grown into wall of 
duodenum, which appears at upper extent of tumor (arrow). 


Figure 20-12. Carcinoma of head of pancreas with bile stasis and metastases in liver. Primary lesion 
has caused a small ulceration in exposed wall of duodenum (arrow). 
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Figure 20—13. Adenocarcinoma of pancreas. Atypical glands are 
invading pancreatic substance seen at bottom of photograph. 


identified. Notwithstanding this gross and microscopic evi- 
dence of invasiveness, carcinoma of the head of the pan- 
creas is usually not a widely disseminated lesion when found 
at autopsy. Extension to peripancreatic and portohepatic 
nodes with isolated, small metastases in the liver is not 
uncommon. But because these tumors produce biliary tract 
obstruction and jaundice at an early date, they usually have 
not had a long life history before discovery, and patients die 
of their hepatobiliary dysfunction before the tumor has be- 
come widely disseminated. 

Carcinoma of Body and Tail of Pancreas. These 
tumors are usually large, hard, irregular masses that may 
sometimes wipe out virtually the entire tail and body of the 
pancreas. On cross section, the tumors exactly resemble 
those of the head of the gland and, microscopically, the 
same cytologic and architectural patterns are repeated. In 
this location, these carcinomas frequently extend more 
widely than those of the head. They impinge upon the 
adjacent vertebral column, extend through the retroperito- 
neal spaces inferiorly and superiorly, and occasionally in- 
vade the adjacent spleen or adrenal. They may extend into 
the transverse colon or stomach. Peripancreatic, gastric, 
mesenteric, omental, and portohepatic nodes are involved, 
and the liver is strikingly seeded with tumor nodules to 
produce hepatic enlargement two to three times the normal 
size. Such massive hepatic metastases are quite character- 
istic of carcinoma of the tail and body of the pancreas, and 
are attributed to invasion of the splenic vein that courses 
directly along the margins of this organ. 


CLINICAL CourRSE. Carcinomas of the pancreas, 
even those of its head, are insidious lesions that un- 
doubtedly are present for months and possibly years 
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before they produce symptoms referable to their expan- 
sile growth. The major symptoms include weight loss 
(approximately 70%), abdominal pain (approximately 
50%), back pain (approximately 25%), anorexia, nausea, 
vomiting and generalized malaise, and weakness. Car- 
cinoma of the pancreas was often considered a painless 
disease until far advanced. It is classically held out as a 
cause of painless jaundice. It should, therefore, be 
specifically noted that most patients have pain. Jaundice 
is present in about 50% of patients with carcinomas of 
the head of the pancreas. There is an additional, widely 
prevalent misconception that jaundice, when it appears, 
is progressive and unremitting owing to the continued 
expansile growth of these tumors. However, necrosis of 
the tumor sometimes permits transient flow of the bile, 
and so there may well be fluctuations in the mounting 
serum bilirubin levels. 

The symptomatic course of pancreatic carcinoma is 
typically brief and progressive. The average duration of 
symptoms until diagnosis is four months and that of 
diagnosis until death is three to five months. For these 
reasons, there is an active search for tumor markers that 
may provide a clue to the existence of these cancers 
early in their course. Among the currently promising 
methods is measurement of serum galactosyltransferase 
isoenzyme, which is elevated in patients with pancreatic 
(and other gastrointestinal) cancers. 

The diagnosis and localization of pancreatic tumors 
can also be aided by ultrasonography, which can differ- 
entiate cysts from solid tumors. With this diagnostic 
modality, percutaneous needle biopsies from specifically 
localized tumors may obviate the need for exploratory 
laparotomy. CT scan of the pancreas has also become a 
most useful resource in patients suspected of having a 
pancreatic tumor (Fig. 20-14). 


The Exocrine Pancreas 


Figure 20-14. CT scan at mid-abdominal level demonstrating 
pancreatic carcinoma. Pancreatic tail is enlarged and heterogeneous 
(long arrows). Liver (L) contains multiple focal lucencies, corre- 
sponding to metastatic deposits (arrowheads). Stomach, spleen, 
and kidneys are also visible. (Courtesy of Dr. S. Seltzer, Brigham 
and Women’s Hospital, Boston.) 
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Migratory thrombophlebitis known clinically as 
Trousseau's sign occurs in 10% of patients. Ironically, 
Trousseau diagnosed his own fatal disease as cancer of 
the pancreas when he developed migratory thrombo- 
phlebitis. These spontaneously appearing and disap- 
pearing thromboses are also encountered in other forms 
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NORMAL 


The endocrine pancreas consists of about 1 million 
microscopic cellular units—the islets of Langerhans— 
and a few scattered cells within the small pancreatic 
ducts.*’ In the aggregate the islets in the adult human 
weigh only 1 to 1.5 gm. 

Embryologically islet cells are of endodermal ori- 
gin, and form at many points along the pancreatic 
tubuloductal system. The first evidence of islet forma- 
tion in the human fetus occurs at nine to 11 weeks, with 
the appearance, on H and E sections, of dark, deeply 
eosinophilic cells interspersed among the lighter duct 
cells. Insulin and glucagon, however, can be measured 
and visualized earlier immunocytochemically. The dark 
cells subsequently proliferate, forming clusters that 
evaginate and then detach from the tubuloductal system 
to form discrete islets. The islets are then invaded by 
capillaries that separate the cluster into the typical islet 
cell cords. 

In the human adult, islets measure 50 to 250 wm 
and consist of four distinct cell types: B (beta), A (alpha), 
D (delta), and PP (for pancreatic polypeptide) cells.) 
These make up about 70, 20, 5 to 10, and 1 to 2% of 
the islet cell population, respectively. They can be 
differentiated by their staining properties with certain 
dyes, by the ultrastructural morphology of their gran- 
ules, ** #4 and (most important) by their hormonal con- 
tent. The availability of antibodies to specific hormones 
and the application of immunoperoxidase techniques to 
tissue has permitted localization of individual hormones 
to individual islet cells, and has greatly facilitated cor- 
relation of islet cell morphology with functional hormone 
production (Fig. 20-15). 

The B cell (beta) (Fig. 20-16) has been studied 
most intensively because it produces insulin. The de- 
scription of insulin secretion by beta cells is detailed in 
the discussion of diabetes (p. 977). The granules have 
rectangular profiles and a crystalline matrix, and are 
surrounded by a halo. Hyperplasia and neoplasia of 
these cells are responsible for the important clinical 
syndrome of hyperinsulinism. A cells (alpha) secrete 
glucagon, which induces hyperglycemia by its glycogen- 
olytic activity in the liver. Alpha-cell granules are round 


of cancer, but the two highest levels of correlation are 
with pancreatic and pulmonary neoplasms. Their path- 
ogenesis was discussed on p. 98. 

While surgical resection is attempted in the appro- 
priate cases, the overall one-year survival is 10% and 
the three-year survival about 2%. 


Zollinger-Ellison syndrome (gastrinoma; 
ulcerogenic Islet cell tumor) 
Multiple endocrine neoplasia (MEN) 


with a closely applied membrane and a dense center 
(Fig. 20-17). D cells (delta) contain somatostatin, * which 
suppresses both insulin and glucagon release. Delta 
cells have large, pale granules with closely applied 
membranes (Fig. 20-17). PP cells have small, dark 
granules and are not only present in islets but also 
scattered in the exocrine pancreas. They contain a 
unique pancreatic polypeptide that exerts a number of 
gastrointestinal effects when injected in experimental 
animals (diarrhea, hypermotility), but its physiologic 
significance in humans is unknown. Other rare, less 
well-characterized cells (D1, G) have distinctive gran- 
ules by electron microscopy but no definite hormone 
identifiable by immunochemistry. Small numbers of 
serotonin-containing enterochromaffin cells are the 
source of pancreatic tumors that induce the carcinoid 
syndrome. 

We now turn to the two main disorders of islet 
cells: diabetes mellitus and islet cell tumors. 


PATHOLOGY 


Despite the minute size of the islets of Langerhans, 
even collectively, the endocrine pancreas is responsible 
for a disproportionate amount of morbidity and mortal- 
ity. Diabetes mellitus alone ranks among the top ten 
causes of death in Western nations, and despite impor- 
tant improvements in its clinical management, to date 
it has not been possible to control significantly its lethal 
consequences. The various forms of neoplasia arising in 
the islets, although far less common, sometimes produce 
some fascinating, often difficult to diagnose endocrino- 
pathies. The endocrine pancreas is therefore a major 
source of significant clinical disease. 


DIABETES MELLITUS 


Idiopathic or primary diabetes mellitus is a chronic 
disorder of carbohydrate, fat, and protein metabolism 
characterized in its fully expressed clinical form by 
an absolute or relative insulin deficiency, fasting hyper- 
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Figure 20—15. Islets stained by immunoperoxidase technique for 
insulin (top), glucagon (middle), and somatostatin (bottom). The 
dark reaction product identifies beta, alpha, and delta cells, respec- 
tively. (Courtesy of Dr. A. Like, University of Massachusetts School 
of Medicine.) 
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Figure 20—16. Electron micrograph of a portion of a beta cell with 
characteristic membrane-bound granules, each containing a dense, 
often rectangular core and a distinct halo. (Courtesy of Dr. A. Like, 
University of Massachusetts School of Medicine.) 


glycemia, glycosuria, and a striking tendency toward 
development of atherosclerosis, microangiopathy, 
nephropathy, and neuropathy. To this brief characteri- 
zation the following must be added: 

1. Underutilization of glucose is characteristic of 
all diabetic patients, but only some have a clearly defined 
severe insulin deficiency resulting from a loss of beta 
cells; the large remainder suffer from some impairment 
of insulin secretory response associated with a marked 
resistance to insulin in the peripheral tissues. Excessive 
glucagon secretion may also play a role. 

2. Almost certainly, “idiopathic diabetes mellitus” 
embraces a heterogeneous group of disorders having in 
common disordered carbohydrate, fat, and protein me- 
tabolism. At least two major as well as several less 
common variants of the disease (too rare to merit 
description) have been identified. One major variant, 
insulin-dependent “juvenile-onset” ketosis-prone diabe- 
tes, accounts for about 10% of diabetics; non—insulin- 
dependent “maturity-onset” ketosis-resistant diabetes 
represents the remaining 90% of all diabetic patients. 
More will be said about this heterogeny later, but it 
should be stressed that the terms “juvenile-onset’” and 
“maturity-onset” are misleading. Insulin-dependent di- 
abetes mellitus (IDDM) (Type I) may appear in adult 
life, and non-insulin-dependent diabetes ‘mellitus 
(NIDDM) (Type II) may occur in the young. 

3. Hereditary influences contribute significantly to 
the development of both major variants of diabetes 
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Figure 20—17. Portions of an alpha cell (/eft) and a delta cell (right). 
Granules in both cells have closely apposed membranes, but the 
alpha cell granule exhibits a dense, round center. (Courtesy of Dr. 
A. Like, University of Massachusetts School of Medicine.) 


mellitus. Although the precise nature and mode of 
inheritance are still uncertain, and regrettably there 
are no genetic “markers,” the risk of acquiring the 
several variants of the disease is related to the extent of 
the hereditary input, e.g., the number of affected rela- 
tives, the closeness of the relationships, and the severity 
of their disease. 

4. Environmental influences such as pregnancy, 
obesity, and infection contribute significantly to the 
expression of the diabetic state. 

5. Idiopathic diabetes mellitus must be differen- 
tiated from the secondary types of diabetes or carbo- 
hydrate intolerance resulting from destruction of the 
pancreas by inflammation (pancreatitis), trauma, sur- 
gery, or tumor infiltration or that encountered in he- 
mochromatosis or in association with certain endo- 
crinopathies such as acromegaly, Cushing's syndrome, 
hyperthyroidism, pheochromocytoma, and the carcinoid 
syndrome. All these secondary forms are genetically 
unrelated to the primary disease(s), and whether they 
are associated with some tendency to the development 
of macro- and microvascular disease is still somewhat 
uncertain. 

6. The metabolic derangements may be life-threat- 
ening, or even fatal in IDDM, but the major challenge 
today is the understanding and control of the frequently 
fatal long-term effects of both major variants of this 
disease on the large and small vessels, sometimes re- 
ferred to as the “chronic vascular syndrome.” 


Diabetic patients cover a wide spectrum of de- 
ranged carbohydrate metabolism, from those having 
mild or asymptomatic disease without fasting hypergly- 
cemia to those having severe fasting hyperglycemia in 
the fully expressed clinical disease. Although attention 
is focused on the disordered carbohydrate metabolism, 
we should not overlook the important fact that all 
pathways of intermediary metabolism are disrupted. 
Insulin is a major anabolic hormone in the body. De- 
rangement of insulin function affects not only glucose 
metabolism but also fat and protein metabolism. 

The most profound deficiency of insulin, and there- 
fore the most severe derangements in metabolism, are 
usually encountered in IDDM. The assimilation of 
glucose and other insulin-sensitive sugars into muscle 
and adipose tissue is sharply diminished or abolished. 
Not only does storage of glycogen in liver and muscle 
cease, but reserves are depleted by glycogenolysis. 
Fasting hyperglycemia may reach levels many times 
greater than normal, and when the level of circulating 
glucose exceeds the renal threshold, glycosuria ensues. 
The excessive glycosuria induces an osmotic diuresis 
and thus polyuria, causing a profound loss not only of 
water but also of electrolytes (Na, K Mg, P). This 
obligatory water loss combined with the hyperosmolarity 
resulting from the increased levels of glucose in the 
blood tends to deplete intracellular water, as, for ex- 
ample, in the osmoreceptors of the thirst centers of the 
brain. In this manner, intense thirst (polydipsia) ap- 
pears. Through poorly defined pathways, increased ap- 
petite (polyphagia) develops, thus completing the classic 
triad of diabetic findings—polyuria, polydipsia, and 
polyphagia. With a deficiency of insulin, the scales 
swing from insulin-promoted anabolism to catabolism of 
proteins and fats. Proteolysis follows, and the glucogenic 
amino acids are removed by the liver and used as 
building blocks in gluconeogenesis, worsening the de- 
ranged carbohydrate metabolism. Nitrogen loss in the 
urine is excessive. There is concomitant excessive break- 
down of fat stores, sometimes resulting in elevated levels 
of free fatty acids and hyperlipidemia. Oxidation of free 
fatty acids within the liver through acetyl CoA produces 
ketone bodies. The rate at which the ketone bodies are 
formed may exceed the rate at which acetoacetic acid 
and beta-hydroxybutyric acid can be utilized by muscles 
and other tissues. Ketogenic amino acids aggravate the 
derangements in lipid metabolism. Ketogenesis thus 
increases, leading to ketonemia and ketonuria. If the 
urinary excretion of “ketones” is compromised by de- 
hydration, the plasma hydrogen ion concentration in- 
creases, and systemic metabolic ketoacidosis results. 
The combination of dehydration and breakdown of pro- 
teins and fats may indeed impart to these patients a 
wasted appearance, and growth and development in 
young children are stunted. 

Although the metabolic derangements in NIDDM 
of adults may be as severe as those just described for 
the insulin-dependent form of the disease, they are 
extremely uncommon. In these patients, polyuria, poly- 
dipsia, and polyphagia may accompany the fasting hy- 


perglycemia, but ketoacidosis is so rare that this form 
of diabetes is also called “ketosis-resistant.” 

CLASSIFICATION. As indicated earlier, diabetes mel- 
litus embraces a heterogeneous group of disorders hav- 
ing in common an inability to utilize glucose. Until 
recently there were several classifications of diabetes, 
some using clinical features such as age of onset, others 
etiology, and some the presumed natural history. To 
add to this complexity, there were no uniform criteria 
for the diagnosis of diabetes, since the levels of blood 
glucose show a wide range with no obvious cut-off point 
between those who have symptoms of diabetes and 
other apparently normal individuals. To resolve these 
problems, two international groups of experts have 
proposed uniform guidelines for the diagnosis and clas- 
sification of diabetes. * 

The diagnosis of diabetes mellitus is relatively easy 
in patients who are symptomatic and have unequivocal 
hyperglycemia, or in asymptomatic individuals with 
fasting plasma glucose greater than 140 mg/dl on more 
than one occasion. If these criteria are not met and a 
diagnosis of diabetes mellitus is suspected, it is neces- 
sary to perform a provocative test called the oral glucose 
tolerance test (OGTT). For this procedure, the subject 
is given 75 gm of glucose orally, followed by venous 
blood sampling at 30-minute intervals for up to two 
hours. If the plasma glucose concentration in venous 
blood is equal to or exceeds 200 mg/dl at two hours, 
the patient has diabetes mellitus. According to some 
experts, one additional blood glucose value at some 
point in the two-hour test period should also be equal 
to or above 200 mg/dl to establish the diagnosis. Once 
diagnosed, diabetes mellitus can be subclassified into 
two major and several minor variants on the basis of 
criteria outlined in Table 20-1. This classification also 
proposes the creation of a new category of deranged 
carbohydrate metabolism called impaired glucose tol- 
erance (IGT). The criteria for the diagnosis of IGT are 
fasting blood glucose values of less than 140 mg/dl and 
between 140 and 199 mg/dl two hours after the oral 
glucose load: in other words, glucose tolerance inter- 
mediate between normal and diabetic. In the past it 
was assumed that most individuals with the biochemical 
characteristics of IGT would eventually develop overt 
diabetes mellitus, and hence terms such as asympto- 
matic, chemical, or latent diabetes were used. It is now 
apparent that, although patients classified as having IGT 
are at a higher risk of developing diabetes, only 1 to 5% 
actually develop the disease within five to ten years. 
These risk estimates must be considered tentative, 
however, since few prospective long-term studies utiliz- 
ing strict criteria for the diagnosis of IGT have been 
performed. Gestational diabetes mellitus is another spe- 
cial category in which diabetes or IGT is detected for 
the first time during pregnancy. This group does not 
include diabetics who became pregnant. Following 
childbirth, such women have to be reclassified according 
to the criteria defined above. Two additional groups 
associated with normal glucose tolerance, but possible 
increased risk of developing diabetes mellitus, are also 
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recognized. These have been called previous abnormal- 
ity of glucose intolerance (PrevAGT) and potential ab- 
normality of glucose intolerance (PotAGT), as described 
in Table 20-1. 

INCIDENCE. Diabetes mellitus is now the sixth lead- 
ing cause of death from disease in the United States. 
The precise incidence and prevalence of diabetes are 
difficult to estimate since there are no “genetic mark- 
ers,” and therefore diagnosis is based: on the presence 
of symptoms or the oral glucose tolerance test. Accord- 
ing to recent estimates, diabetes mellitus may have 
been overdiagnosed in the past, since many patients 
now classified as having IGT were considered to be 
diabetics. With the new criteria for diagnosis, it is 
estimated that the prevalence of diabetes in the adult 
population is 1 to 2%.*" Since aging is associated with 
increased carbohydrate intolerance, the prevalence rises 
to over 10% in the eighth decade. Overall, it is estimated 
that there are close to 2 million diabetics in the U.S., 
making diabetes one of the most common chronic dis- 
eases. 

INHERITANCE. Although there is no doubt that dia- 
betes mellitus is at least in part a genetic disorder, the 
task of unraveling the precise mode of inheritance has 
proved to be a “geneticist’s nightmare.” Part of the 
problem stems from the fact that until recently idi- 
opathic diabetes mellitus was considered a homogeneous 
entity, and therefore attempts were made to find a 
single pattern of inheritance that would fit all cases. To 
make a difficult situation even worse, the lack of a 
genetic “marker” has made it impossible to trace accu- 
rately the transmission of “diabetogenic gene(s)” in 
families or populations. 

It is now agreed that IDDM and NIDDM exhibit 
substantial genetic differences. Evidence in support of 
such a conclusion derives principally from twin studies. 
Among identical twins there was a concordance rate 
(both twins affected) of IDDM of about 50%, as con- 
trasted with a concordance rate of over 90% for twins 
having NIDDM.* Clearly, therefore, genetic factors 
play a much larger role in the induction of NIDDM 
than in that of IDDM. Since discordance between 
identical twins is as frequent as concordance in IDDM, 
environmental factors must play a large role in its 
development (p. 977). Genetic difference between the 
two major variants of diabetes is also supported by the 
study of HLA antigens in diabetics. IDDM shows strong 
association with certain HLA types, whereas there is no 
known relationship between NIDDM and histocompat- 
ibility antigens. Among patients with IDDM, there is a 
significant increase in the frequency of HLA-B8, B15, 
B18, Dw3, Dw4, DR3 and DR4 antigens. The associa- 
tion with the D/DR antigens is considered primary, 
whereas others are believed to result from linkage 
disequilibrium between the D/DR- and B-region genes. 
Although the presence of any one of these antigens 
increases the risk of development of IDDM, the inher- 
itance of two antigens, each with a positive association, 
has a more than additive effect on the relative risk. For 
example, the presence of Dw3 or Dw4 is associated 
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Table 20—1. CLASSIFICATION OF DIABETES MELLITUS AND OTHER CATEGORIES OF GLUCOSE INTOLERANCE“ 


Class 


Former Terminology 


Associated Factors Clinical Characteristics 


Clinical Classes 


Diabetes Mellitus (DM) 
Insulin-dependent type 
(IDDM)-Type 1 


Non-—insulin-dependent types 
(NIDDM)-Type II 

1. Obese NIDDM 

2. Nonobese NIDDM 


Other types include DM 
associated with other 
identifiable causes 


Impaired Glucose Tolerance 
(IGT) 


Gestational Diabetes (GDM) 


Statistical Risk Classes 


Previous Abnormality of Glucose 
Tolerance (PrevAGT) 


Potential Abnormality of Glucose 
Tolerance (PotAGT) 


Juvenile diabetes 


Ketosis-prone diabetes 


Brittle diabetes 


Adult-onset DM 
Maturity-onset DM 
Ketosis-resistant DM 


Secondary DM 


Asymptomatic DM 
Chemical diabetes 
Latent diabetes 


Gestational diabetes 


Latent diabetes 
Prediabetes 


Prediabetes 


Associated with HLA-D/DR 
antigens and autoimmune 
reactions. Both genetic and 
environmental (viral) factors 
involved in etiology. 


Absolute lack of insulin and 
dependent on injected insulin to 
prevent ketosis and preserve life. 
In most cases onset in youth but 
may occur at any age. 


Probably multiple‘etiologies. Both 
genetic and environmental 
factors involved. Insulin 
resistance is an important 
pathogenetic factor. No 
association with HLA, viruses, or 
autoimmunity. 


Serum insulin levels normal, 
elevated, or low. In most cases 
onset after age 40 but can occur 
at any age. 60-90% of patients 
are obese. 


(1)Pancreatic disease; 
(2)hormonal diseases, e.g., 
Cushing's; (3)drug-induced; 
(4)insulin receptor abnormalities; 
(5)certain genetic syndromes. 


Diabetes mellitus and associated 
Clinical features. 


Glucose intolerance mild; may be 
due to normal variation in a 
population. In some cases 
represents a stage in 
development of NIDDM. Majority 
remain in this class for years or 
return to normal glucose 
tolerance. 


Glucose tolerance test (GTT) 
shows values between normal 
and diabetic. Some suggestion of 
increased risk for arterial disease 
but clinically significant renal and 
retinal lesions absent. 


Glucose intolerance that has its onset and recognition during 
pregnancy. Complex metabolic and hormonal factors involved, 
including insulin resistance. Diabetics who become pregnant are not 
included. Associated with increased perinatal complications and with 
increased risk for progression to diabetes in 5—10 years after 
childbirth. 


Persons who have normal glucose tolerance now but have previously 
demonstrated diabetic hyperglycemia or IGT either spontaneously or 
in response to an identifiable stimulus. Individuals with GDM who 
return to normal form a subclass of PrevAGT. Also includes obese 
diabetics in whom glucose tolerance has returned to normal after they 
have lost weight. Studies on patients with previous GDM indicate 30% 
will become overt diabetics in 5 to 10 yr. No data available on the 
course of other causes of PrevAGT but it is likely that the risk of 
these patients developing DM is higher. 


Individuals who have never exhibited abnormal glucose tolerance but 
have a substantially increased risk for development of diabetes. 
Those at increased risk to develop IDDM are: persons with islet cell 
antibodies, monozygotic twin of a patient, sibling and offspring of 
IDDM diabetic. In the case of NIDDM, this category includes: 
monozygotic twin of a patient, first-degree relative, mother of a 
neonate weighing more than 9 lb, obese individuals, and certain 
ethnic groups. The degree of increased risk for most of these 
conditions is not well established. 


“Modified from National Diabetes Data Group: Classification and diagnosis of diabetes mellitus and other categories of glucose intolerance. 


Diabetes 28:1039, 1979. 


with relative risks of 2.6 and 4.8, respectively, whereas 
the presence of both Dw3 and Dw4 increases the 
relative risk to 9.4. These data strongly suggest that 
there are two or more susceptibility genes for IDDM 
that exist in close linkage to the HLA-D/DR region. In 
view of the fact that several immune response (Ir) genes 
map within the D/DR region, it is suspected that the 
diabetogenic genes may actually be Ir genes that regu- 
late immune reactions directed against the pancreatic 
beta cells (p. 161). 

Despite all the collective evidence supporting some 
role for genetic factors in both IDDM and NIDDM, we 
still do not know the modes of inheritance involved in 
each of these two major variants, nor whether each 
variant is indeed genetically homogeneous. Virtually 
every pattern of inheritance has been invoked at one 
time or another, including autosomal dominant, auto- 
somal recessive, and multifactorial. The autosomal dom- 
inant mode seems to be involved with reasonable cer- 
tainty only in a small subset of young individuals with 
NIDDM (the so-called “maturity-onset diabetes of the 
young ); in the overwhelming majority of diabetics, this 
pattern can be clearly excluded. Among the remaining 
possibilities, multifactorial inheritance is currently fa- 
vored since it best fits the genetic analyses and also 
provides a role for environmental factors. However, 
autosomal recessive inheritance with reduced pene- 
trance cannot be easily distinguished from the multifac- 
torial pattern. It will remain difficult to resolve this 
problem until the products of the diabetogenic genes 
are identified. 

ENVIRONMENTAL INFLUENCES. In individuals who 
carry the diabetogenic genes, a number of environmen- 
tal factors such as body weight, pregnancy, infectious 
agents, and hormones significantly influence the risk of 
developing the disease. Among these, obesity plays a 
very important role in the pathogenesis of NIDDM (p. 
979). Approximately 80% of patients with NIDDM are 
notably overweight (i.e., 25% over ideal weight). Even 
in normal subjects, significant weight gain induces car- 
bohydrate intolerance, higher insulin levels, and insen- 
sitivity of muscle and fat tissue to insulin (a subject to 
which we shall return in the consideration of peripheral 
resistance). Weight loss corrects all the above changes 
and moreover, in the diabetic, notably improves the 
metabolic derangement (see PrevAGT, Table 20-1). 

Pregnancy constitutes another major diabetogenic 
influence, for two reasons: (1) it increases the metabolic 
workload of the maternal pancreas and (2) it in some 
way induces a state of insulin resistance. In women 
without a genetic predisposition, pregnancy induces 
only mild carbohydrate intolerance, but in those with a 
hereditary predisposition, it significantly worsens glu- 
cose intolerance and may produce a picture of NIDDM. 

Viruses are believed to be important in the patho- 
genesis of IDDM. Much evidence indicates that the 
loss of beta cells, a characteristic feature of IDDM, may 
be initiated by viral infection of the islets. This aspect 
of IDDM will be discussed in detail later (p. 978). 
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Any form of stress tends to unmask the diabetic 
tendency or worsen the diabetic state. Infections of all 
kinds constitute a major form of stress. Repeatedly it is 
observed that, when an infection prevails, the diabetic’s 
dose of insulin or oral hypoglycemics must be increased. 
These stresses probably act through altered homeostasis, 
such as steroid-induced gluconeogenesis or increased 
secretion of catecholamines. In this connection, a variety 
of endocrinopathies—Cushing’s disease, acromegaly, 
carcinoid syndrome, pheochromocytoma with epineph- 
rine secretion or exogenously administered corticoste- 
roids—all tend to induce carbohydrate intolerance. 

PATHOGENESIS. Normal Insulin Metabolism. It is 
helpful to begin discussion of the pathogenesis of dia- 
betes mellitus with a brief survey of the normal physi- 
ology of insulin. Insulin, as you may recall, is produced 
in the beta cell of the islets of Langerhans by enzymatic 
cleavage of the precursor polypeptide called proinsulin. 
It is then stored within membrane-bound cytoplasmic 
granules that are derived from the Golgi apparatus. The 
complex sequence of insulin secretion, involving the 
extrusion of the granule’s contents from the beta cells, 
can be triggered by a variety of insulinogenic stimuli 
including glucose, various gut hormones, amino acids, 
and sulfonylureas. Glucose is the primary in vivo stim- 
ulus for insulin secretion. Among amino acids, arginine 
and leucine are the most potent insulin secretagogues. 

Insulin release in response to glucose is a biphasic 
phenomenon, reflecting probably a two-pool system 
within the beta cell.“ A prompt or immediate release 
involves insulin that is stored within secretory granules. 
A more delayed, chronically released pool could be 
derived from stored proinsulin, requiring conversion to 
insulin, as well as from activation of the ribosomal 
system, with synthesis of more proinsulin. In contrast 
with glucose, other insulinogenic agents such as amino 
acids and sulfonylureas (used in the treatment of 
NIDDM) act only on the acutely releasable pool and 
have no effect on stimulating beta-cell synthesis of 
insulin. 

The mechanism of action of insulin on cells has 
stubbornly resisted explication. It has been well estab- 
lished that insulin enhances the membrane transport of 
glucose, amino acids, and certain ions and also induces 
increased storage of glycogen, formation of triglycerides, 
and synthesis of protein, RNA, and DNA. Facilitation 
of the cellular uptake of glucose seems to occur by 
translocation of glucose transport units, synthesized 
within the cells, to the plasma membrane.* How insulin 
affects all these processes, however, is far from clear. 
Like several other polypeptide hormones, insulin must 
first bind to specific receptors located on the cell mem- 
brane. Since the amount of insulin bound to the cell is 
affected by the availability of receptors, their numbers 
are important in regulating the action of insulin. Insulin 
receptors have been found on a variety of cells including 
fat cells, monocytes, red cells, and fibroblasts,” but 
their concentration on various cells is not uniform. For 
example, adipocytes possess several hundred thousand 
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receptors, whereas erythrocytes have much fewer bind- 
ing sites. Moreover, the intrinsic level of receptors per 
cell is subject to dynamic regulation by several factors 
in the cells’ environment. Quite interestingly, insulin 
itself is a major downregulator of its own receptors. In 
other words, increasing amounts of insulin reduce the 
receptor concentration per cell, a phenomenon of con- 
siderable importance in the pathogenesis of NIDDM 
(p. 980). Other modulators of insulin receptors include 
dietary composition, exercise, hormones such as corti- 
sol, ions, ketones, and autoantibodies against receptors. 
Some of these may act indirectly by affecting the am- 
bient insulin levels, whereas others act independently. 
Collectively, these factors may be relevant in the path- 
ogenesis of not only NIDDM but also other clinical 
conditions characterized by impaired insulin action (in- 
sulin resistance). 

Although the precise events triggered by the bind- 
ing of insulin to its receptors have not yet been defined, 
it is strongly suspected that the postreceptor actions of 
insulin involve the formation of one or more intracellular 
mediators.® It seems that insulin binding to the cell 
initiates a limited proteolysis of certain membrane pro- 
teins, leading to the formation of several small peptides 
(molecular weight 1000-1500). These peptides are then 
believed to activate (or inactivate) a variety of insulin- 
sensitive enzymes such as pyruvate dehydrogenase and 
glycogen synthetase, and possibly other enzymes in- 
volved in the synthesis of glucose-transport units. It is 
proposed, therefore, that the intracellular metabolic 
effects of insulin are mediated by a set of “second 
messengers that are generated following the membrane 
perturbations initiated by the interaction of insulin with 
its membrane receptors.™ 

With this brief characterization of insulin secretion 
and action, we can turn to the possible mechanisms 
involved in the pathogenesis of the two major variants 
of diabetes mellitus. 

Theories of Genesis of Diabetes. The pathogenesis 
of diabetes mellitus is a veritable “no man’s land,” 
strewn with theories, each ardently supported by some 
and doubted by others. Some of the difficulties stem 
from past failures to recognize the possibility that the 
many variants of this disease do not necessarily have 
similar causations. In addition to the genetic data already 
reviewed, there is now an immense mass of immuno- 
logic, metabolic and clinical evidence, which indicates 
that IDDM and NIDDM have different etiologies and 
pathogeneses. Each of these variants, therefore, re- 
quires separate consideration. 

The insulin-dependent, ketosis-prone form of dia- 
betes mellitus (IDDM) is due to an absolute and severe 
lack of insulin. In the fully expressed condition, the 
pancreas contains little or no extractable insulin and has 
an overall reduction in beta-cell mass, resulting from 
loss of beta cells. Plasma insulin levels are low and 
respond poorly, if at all, to administration of glucose or 
other stimulators of insulin secretion, notably oral hy- 
poglycemic agents. These patients therefore require 
exogenous insulin administration to prevent ketoacidosis 


and death; hence, the term “insulin-dependent.” Al- 
though the presence of insulin deficiency is established, 
the etiology of beta-cell injury remains mysterious. On 
the basis of the genetic data (particularly twin studies) 
discussed earlier, it is obvious that environmental factors 
must be involved in the pathogenesis of IDDM. No 
definite environmental agent has been identified as yet, 
but viruses are considered to be the prime suspects. 

For many years there have been sporadic reports 
of a close temporal association between common child- 
hood viral infections such as mumps, measles, influenza, 
and Coxsackie B infections and the onset of IDDM.» * 
Seasonal variations in the diagnosis of new cases of 
IDDM corresponding to the prevalence of these viral 
infections have also been noted. New impetus was 
imparted to these epidemiologic observations by the 
isolation of Coxsackie B4 virus from the pancreas of a 
child who died of diabetic ketoacidosis after a flu-like 
illness.*” Inoculation of mice with the human isolate led 
to infection of beta cells and hyperglycemia. Further 
strengthening the viral link is the demonstration that a 
diabetes-like disorder can be induced in certain strains 
of mice by the subcutaneous inoculation of the M variant 
of encephalomyocarditis virus. This microbiologic agent 
appears to localize specifically within the islets of Lan- 
gerhans to produce direct viral damage to the beta 
cells. Thus, there is evidence to support the notion 
that viral infections may injure beta cells in humans as 
well as in rodents. However intriguing these observa- 
tions may be, overwhelming virus infection with direct 
beta-cell injury is not commonly associated with IDDM. 
More often, a history of virus infection, if present, 
relates to a relatively minor illness weeks to months 
before the detection of diabetes mellitus. Therefore, the 
exact role of viruses in the pathogenesis of human 
IDDM is not entirely clear. Two possibilities may be 
considered: (1) virus-induced beta-cell injury, mild in 
itself, may nevertheless trigger autoimmunity against 
the islet cell, as discussed later; or (2) the viral infection 
of the pancreatic islets may merely lead to a terminal 
decompensation of beta cells, whose mass has been 
gradually eroded over the proceeding years, by autoim- 
mune reactions of unknown origin.“ 

Whether initiated by viruses or by other unknown 
agents, there is much evidence for the presence of 
pancreatic autoimmunity in IDDM.” Most pervasive is 
the frequent presence of antibodies directed against 
cytoplasmic as well as cell membrane components of the 
islet cells. The islet cell antibodies (ICA) are organ 
specific for endocrine pancreas and include both com- 
plement-fixing and non-—complement-fixing immuno- 
globulins. The complement-fixing ICA directed against 
the beta-cell membrane are cytotoxic in vitro and could 
conceivably damage the beta cells in vivo. ICA can be 
found in 60 to 90% of all newly diagnosed cases of 
IDDM. After five years, their prevalence falls to ap- 
proximately 20%, and by ten years only 5-10% of the 
patients are ICA-positive. In addition to autoantibodies, 
sensitized T cells reactive against pancreatic beta cells 
have also been found in some patients.*® The presence 


of pancreatic autoimmunity is also supported by the 
frequent presence of mononuclear cell infiltrate in the 
islets of young diabetics (“insulitis”) (p. 982). What 
triggers the anti—self-reactions against the islets is not 
entirely clear. Current opinion favors an initial insult 
by a beta-cytotropic virus, resulting in the release of 
beta cell-specific antigens. Sensitization against these 
antigens may lead to the production of autoantibodies 
and autoreactive T cells. As more and more beta cells 
are damaged by these autoimmune reactions, further 
release of antigens would be expected to potentiate the 
ongoing autoimmune response and progressively in- 
creasing loss of beta cells. The presence of appropriate 
immune response genes (which regulate reactivity 
against islet cell antigens) may be crucial to the devel- 
opment of pancreatic autoimmunity. Thus, the associa- 
tion of IDDM with certain HLA-D/DR antigens may 
very well reflect the presence of HLA-linked Ir genes 
that facilitate anti—islet cell immune responses. Accord- 
ing to this hypothesis, immune reactivity against the 
islets would be intense early in the course of IDDM. 
Over the years, as the mass of beta cells is progressively 
reduced, the antigenic stimulus would abate and the 
frequency of ICA-positive patients would be expected 
to decline. This prediction is upheld by the observed 
relationship between the frequency of ICA and the 
duration of IDDM, as discussed earlier. 

Although in most cases an environmental agent is 
suspected to initiate the chain of events leading to the 
development of autoimmunity, it is postulated that, in 
a small subset of IDDM, autoimmune reactions arise 
spontaneously. These patients are characterized by con- 
comitant autoimmunity against several other endocrine 
glands including thyroid and adrenals, and may also 
have gastric parietal cell antibodies. In these instances, 
ICA are often present before the onset of clinical 
diabetes and persist for several years after its onset. 
IDDM under these circumstances may be one manifes- 
tation of a broad range of anti—self-reactivity. 

To summarize: in a few cases, IDDM may be caused 
by a direct, severe, virus-induced injury of the beta 
cells; in other rare cases, it may present as a component 
of polyendocrine autoimmunity; in the great majority of 
cases, however, it results from a complex interplay of 
environmental (possibly viral), genetic (HLA-linked), 
and immunologic factors. 

Uncertain as the causation of IDDM may be, the 
riddle of NIDDM is even more obscure. Unlike IDDM, 
the lack of insulin is not severe. Indeed, for several 
years the very existence of insulin deficiency in NIDDM 
was doubted and the derangement in glucose homeo- 
stasis was ascribed solely to impaired action of insulin, 
i.e., insulin resistance. It is now widely accepted, 
however, that both insulin deficiency and insulin resis- 
tance are involved in the pathogenesis of NIDDM, 
although their relative contributions to the metabolic 
abnormalities vary with the clinical severity of the 
disease. In the following discussion each of these two 
factors will be considered separately, beginning with 
the status of insulin secretion in NIDDM.® 
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For an evaluation of the adequacy of insulin re- 
sponse in NIDDM, two considerations are of utmost 
importance. First, insulin secretion in response to a 
load of glucose occurs in two phases: an initial rapid 
phase (within 0 to 10 min of an intravenous glucose 
challenge) followed by a delayed response (10 to 12 min 
after glucose infusion). Both of these have to be assessed 
independently. Second, the plasma insulin levels should 
be considered in the context of body weight, since 
obesity (a common accompaniment of NIDDM), even 
in the absence of diabetes, is associated with insulin 
resistance and hyperinsulinemia. To avoid the confusing 
variable introduced by obesity, we will first discuss 
insulin secretion in NIDDM without associated obesity. 

In patients with mild NIDDM (fasting plasma glu- 
cose 115 to 200 mg/dl), the basal (fasting) plasma insulin 
levels are either normal or often moderately elevated, 
but there is a significant reduction in the first-phase 
insulin response.™ ® The second-phase insulin secretion 
is normal and the insulin levels may actually peak higher 
as compared with normal weight-matched controls. De- 
spite the loss of early response to glucose, the acute 
responses to other secretagogues such as arginine and 
isoproterenol remain normal. It should be pointed out, 
however, that such responses cannot be considered 
completely normal since the elevated blood glucose 
levels (seen in these patients) are known to potentiate 
the effect of nonglucose stimuli on the pancreatic beta 
cells. Although the second-phase insulin secretion is 
sufficient to restore plasma glucose levels to basal levels 
in these (mild) cases, impairment of the early secretion 
leads to prolonged postprandial hyperglycemia. In pa- 
tients with more severe NIDDM (fasting plasma glucose 
200 to 300 mg/dl), both the early and late glucose 
responses are blunted, indicating an absolute deficiency 
of insulin. Quite remarkably, the fasting plasma insulin 
levels are normal even in these more severely affected 
patients. It could be argued, however, that although 
the insulin levels are within the range for normal 
nondiabetics, they are low relative to the needs of the 
diabetic who has fasting hyperglycemia. 

In the obese diabetic the picture becomes more 
complicated. Obesity (with or without associated 
NIDDM) is characterized by insulin resistance and 
hyperinsulinemia. Since most patients with NIDDM 
are obese, their plasma insulin levels are “elevated,” 
and thus initially it was assumed that they did not have 
insulin deficiency. However, when obese NIDDM pa- 
tients are compared with weight-matched nondiabetics, 
it appears that insulin levels of obese diabetics (although 
well above those of lean nondiabetics) are below those 
observed in obese nondiabetics, suggesting again a state 
of relative insulin deficiency. We can conclude, there- 
fore, that impaired beta-cell function manifested either 
as a delayed insulin response or as a relative or absolute 
state of insulin deficiency is observed in most patients 
with NIDDM. However, this insulin deficiency is milder 
than that of IDDM and is most clearly demonstrated in 
those who have significant fasting hyperglycemia. 

Since the metabolic derangements in NIDDM are 
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often disproportionately larger than would be predicted 
from the degree of insulin deficiency, there must be 
some impairment of insulin action. Indeed, in recent 
years an impressive body of data has accumulated that 
incriminates insulin resistance as the major factor in the 
pathogenesis of NIDDM with or without obesity.® © 
End-organ insensitivity to insulin is a complex phenom- 
enon that could arise by at least three mechanisms: (1) 
synthesis of abnormal insulin, (2) circulating antagonists 
of insulin, and (3) defects in the target tissues of insulin. 
It is the last of these that seems to be involved in the 
pathogenesis of NIDDM. Before we discuss the cellular 
basis of insulin resistance in NIDDM, it should be 
pointed out that impairment of insulin action is not 
restricted to the diabetic syndrome. In both obesity and 
pregnancy (even in the absence of NIDDM), there is 
reduced tissue response to circulating insulin, but the 
pancreas compensates by secreting excessive amounts 
of insulin. These conditions, therefore, are associated 
with hyperinsulinemia and only a modest impairment 
of glucose tolerance. However, in persons with a ge- 
netically determined defect in insulin production, obes- 
ity would precipitate diabetes mellitus. In many obese 
diabetics, weight loss, by reducing the “stress” on the 
beta cells, may lead to a restoration of normal glucose 
tolerance. Although obesity is emphasized as a factor in 
insulin resistance, the latter is also encountered in 
nonobese diabetics. 

The cellular basis for the tissue resistance to the 
action of insulin is not completely understood. Since 
binding to cell surface receptors is the first step in the 
action of insulin, one mechanism could be reduced 
binding of insulin to its target cells. In patients with 
NIDDM, a decrease in the number of insulin receptors 
is seen in a variety of cells including monocytes, fat 
cells, red cells, and hepatocytes. Cells from obese 
nondiabetics also show a reduction in receptor concen- 
tration, but obesity alone cannot explain the receptor 
defect in NIDDM, since nonobese diabetics also dem- 
onstrate reduced insulin binding. We mentioned earlier 
that insulin itself can downregulate its receptors in vitro 
(p. 978). Since basal (fasting) insulin levels are often 
elevated in patients with mild NIDDM and obese 
nondiabetics, it is believed that the reduced receptor 
concentration is the consequence of hyperinsulinemia. 
In the more severely affected patients who have fasting 
hyperglycemia, insulin binding is also reduced, but the 
full extent of insulin resistance cannot be explained 
solely on the basis of reduced receptor concentration. 
Therefore, postreceptor defects must also exist.>? © © 
Indeed, most of the recent evidence suggests that post- 
receptor defects are the major cause of the impaired 
insulin action associated with severe NIDDM. Although 
the pathogenesis of the postreceptor defects has not 
been clarified, it is strongly suspected that insulin 
deficiency (which characterizes advanced NIDDM) is 
itself responsible for the impairment of the postreceptor 
pathways. This concept is supported by a preliminary 
report demonstrating that the beneficial effect of insulin 
therapy in NIDDM is due largely to a significant 


amelioration of the postreceptor defect.© In summary, 
insulin resistance, a universal feature of NIDDM, may 
result from a decrease in insulin receptors and/or an 
impairment of the postreceptor effects of insulin. In 
mild NIDDM, the receptor defects predominate, 
whereas with severe disease, postreceptor defects are 
the major cause of insulin resistance. 

From the evidence reviewed above, it is clear that 
most cases of NIDDM have both impaired beta-cell 
function and insulin resistance. Which of the two defects 
is primary? According to one view, the basic problem 
is in the pancreatic beta cells, which are genetically 
vulnerable to injury, resulting in accelerated cell turn- 
over and premature aging.® Early in the course of 
NIDDM, when the beta-cell defect is mild and mani- 
fested principally by impaired early secretion of insulin, 
there is no fasting hyperglycemia but there is an exces- 
sive and prolonged postprandial increase in plasma 
glucose levels (p. 979). This in turn provides a persistent 
stimulus to insulin secretion, which is successful in 
maintaining fasting euglycemia but gives rise to insulin 
resistance by downregulating the insulin receptors (Fig. 
20-18). Thus, a vicious cycle is set up with progressive 
impairment of glucose utilization and increased need for 
insulin secretion. Over a period of time, excessive 
demands of insulin could lead to beta-cell “exhaustion,” 
insulinopenia, fasting hyperglycemia, and the emer- 
gence of postreceptor defects. A very similar sequence 
of events could also be initiated by a primary defect in 
the insulin-mediated uptake of glucose at the level of 
peripheral tissues, as illustrated in Figure 20-18. In 
both the proposed pathways, insulin resistance plays a 
major role. 

Extremely severe insulin resistance is also seen in 
a rare group of syndromes associated with somewhat 
unusual hyperpigmented verrucous skin lesions (acan- 
thosis nigricans). In one variant, circulating anti-insulin 
receptor antibodies that arise spontaneously (i.e., with- 
out exogenous insulin administration) are responsible 
for impaired insulin binding; in others, there seems to 
be an intrinsic deficiency in the number of insulin 
receptors per cell.°? These uncommon forms of diabetes 
mellitus are of interest largely because they provide 
useful models for the study of insulin action. 

_ Despite all the evidence pointing toward a relative 
or absolute deficiency of insulin as a fundamental cause 
of diabetes mellitus, the controversial issue of conco- 
mitant alpha-cell dysfunction and hyperglucagonemia 
must be raised. Within the recent past, the time- 
honored theory that some form of insulin derangement 
alone is the cause of diabetes mellitus has been chal- 
lenged by assigning to glucagon the role of essential 
comediator of the disease. The bihormonal theory as- 
cribes to insulin deficiency the underutilization of glu- 
cose, but imputes to glucagon excess, either absolute or 
relative, most of the glucose overproduction.® This 
conception has been referred to as the “double-trouble” 
hypothesis. In almost every respect, glucagon has a 
metabolic effect directly opposite to that of insulin. 
Whereas insulin promotes the storage of glycogen in 
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Figure 20—18. Pathogenesis of NIDDM. The central role of insulin resistance should be noted. 
(Modified from Defronzo, R. A., et al.: New concepts in the pathogenesis and treatment of non— 
insulin-dependent diabetes mellitus. Am. J. Med. 74(Suppl.):52, 1983.) 
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liver and muscle, glucagon inhibits it; whereas insulin 
inhibits glycogenolysis in the liver, glucagon promotes 
it and also activates gluconeogenesis; whereas insulin 
inhibits lipolysis, glucagon stimulates it. Moreover, glu- 
cagon favors ketogenesis. Thus, a push-pull system is 
proposed for the maintenance of blood glucose levels 
by the opposing actions of glucagon and insulin. If this 
balance is disturbed, as may occur in diabetes, hyper- 
glycemia results from hepatic overproduction of glucose 
(glucagon excess) and its simultaneous underutilization 
(insulin deficiency). Support for such a theory comes 
from several observations: (1) absolute or relative hy- 
perglucagonemia can be demonstrated in both major 
variants of diabetes mellitus; (2) glucagon opposes sev- 
eral actions of insulin (as discussed above); (8) correction 
of hyperglucagonemia by infusion of somatostatin re- 
duces the hyperglycemia. Nevertheless, the role of 
glucagon as an essential comediator is not universally 
accepted. For example, diabetes mellitus can be pro- 
duced in dogs in the total absence of glucagon following 
pancreatectomy.” Without delving deeper into this con- 
troversy, we can state that, although excess glucagon 
does contribute significantly to the metabolic abnormal- 
ities of uncontrolled diabetes mellitus, there is insuffi- 
cient evidence to incriminate it as an essential comedia- 
tor. Most current evidence suggests that the abnormality 
in glucagon secretion itself is secondary to the lack of 
insulin, which in some manner regulates glucagon se- 
cretion by the A cells. 

In concluding this discussion of the causation of 
diabetes, it should be noted that none of the theories 
so far discussed addresses the relationship between the 
metabolic changes and the major complications of dia- 
betes—microangiopathy, atherosclerosis, renal disease, 
retinopathy, and neuropathy. This aspect of the patho- 


genesis of diabetes can best be considered with the 
description of the anatomic changes affecting various 
organs and tissues. | | inn 


MORPHOLOGY. The diagnosis of diabetes mellitus on 
morphologic grounds alone can be made only in some 
patients on the basis of a few lesions that are for all practical 
purposes pathognomonic of the disease. Most patients have 
lesions that are only suggestive, and some have no anatomic 
changes that may not also be found in age-matched nondi- 
abetics. The basis for this extreme variability is poorly 
understood, but five influences may contribute: (1) the age 
of the patient at the time of death, (2) the duration of the 
disease, (3) the severity of the metabolic derangement, (4) 
the rigidity of the therapeutic control, and (5) poorly defined 
genetic factors. Surprisingly, no consensus has been 
reached on the respective importance of each of these 
variables. In particular, the desirability of meticulous control 
of the disordered metabolism has long been disputed. In 
essence, the disagreement centers around whether “rigid” 
insulin control of glucose levels will decrease or prevent the 
appearance of some of the crippling and fatal long-term 
effects of the disease. The current consensus seems to be 
that the severity of the metabolic derangements is directly 
related to the occurrence of vascular and other complica- 
tions. More about this later, but for now we can state that 
when the disease has been present for 10 to 15 years, 
regardless of the type of diabetes (IDDM or NIDDM), mor- 
phologic changes are likely to be found in the basement 
membranes, small vessels, arteries, pancreas, kidneys, ret- 
inae, nerves, and other tissues. 

Pancreas. Surpisingly, lesions in the pancreas are 
neither constant nor necessarily pathognomonic.’':”? They 
are more likely to be distinctive in IDDM than in NIDDM. 
One or more of the following alterations may be present: (1) 
Reduction in the size and number of islets. This is most 
often seen in IDDM, particularly with rapidly advancing 
disease. Most of the islets are small, inconspicuous, and not 
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easily detected in routinely stained sections. They are com- 
posed of thin cords of cells intermingled with fibrous stroma. 
Careful morphometric studies performed with special stains 
show reduction in beta cells even in NIDDM, but this change 
is subtle and not easily detected. (2) Increase in the size 
and number of islets. This may be seen in diabetic or 
nondiabetic infants of diabetic mothers. Presumably the 
maternal hyperglycemia leads to fetal hyperglycemia and 
compensatory hyperplasia of the fetal islets. Hyperplasia of 
the islets is sometimes encountered in the early stages of 
IDDM, again presumably as an early compensatory reaction 
to some presumed beta-cell damage. (3) Beta-cell degran- 
ulation. This is most often encountered in the insulin- 
dependent variant and is thought to represent depletion of 
secretory stores of insulin in already damaged cells. (4) 
Glycogen cytoplasmic vacuolation of beta cells may ap- 
pear in patients dying after long periods of hyperglycemia. 
The vacuoles take the form of small or large cleared spaces 
that yield a positive PAS reaction. (5) Hyalin replacement 
of islets. This takes one of two forms: (a) collagenous 
fibrosis or (b) deposits of an amorphous substance having 
the fibrillar substructure characteristic of amyloid (Fig. 20— 
19). Both the collagenous and amyloid deposits occur at 
first about the microcirculation within the islets and progres- 
sively extend to obliterate the surrounding cells. These 
changes may be found in IDDM but are more characteristic 
of the late chronic stages of NIDDM. Neither change is 
diagnostic of diabetes, since both are sometimes found in 
elderly nondiabetic patients with advanced atherosclerosis 
and presumably ischemic injury to islets.” (6) Leukocytic 
infiltrations may take one of two forms. The most common 
pattern is a heavy lymphocytic infiltrate within and about the 
islets, referred to as insulitis. Insulitis is most frequent in 
young diabetics with a brief history of symptomatic diabetes. 
The possible autoimmune significance of such an inflam- 
matory infiltrate has already been discussed (p. 979). Eosin- 
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Figure 20—19. Hyalinization of an islet in pancreas in a diabetic. 
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Figure 20-20. PAS stain of renal cortex showing thickening of 
basement membrane in a diabetic. 


ophilic infiltrates may also be found, particularly in diabetic 
infants who fail to survive the immediate postnatal period. 
These too are interpreted as an immunologic reaction. 

Diabetic Microangiopathy and Basement Membrane 
Thickening. One of the most consistent anatomic features 
of diabetes is diffuse thickening of basement membranes. 
The thickening is most evident in the capillaries of the skin, 
skeletal muscles, retina, renal glomeruli, and renal medulla, 
giving rise to the characteristic diabetic microangiography of 
these organs. However, it may also be seen in such non- 
vascular structures as renal tubules, Bowman's capsule, 
peripheral nerves, and placenta. By light microscopy, the 
thickening appears as widening of the basement membrane 
by a homogeneous, sometimes multilayered hyaline sub- 
stance, which is strongly positive with the PAS stain (Fig. 
20-20). Under the electron microscope the thickening either 
may be homogeneous (Fig. 20-21) or, particularly in the 
skin, may consist of several laminated circumferential lay- 
ers.”* Despite the increased thickness of basement mem- 
branes, diabetic capillaries are more leaky to plasma proteins 
than normal.’> As will be seen, the microangiopathy has far- 
reaching implications, inducing serious lesions in the renal 
glomeruli and retinae and possibly contributing to the in- 
creased vulnerability of the diabetic to neuropathy. The 
question of whether rigid control of diabetes delays or 
prevents the appearance of microangiopathy is a subject to 
which we will turn later. It should be noted that indistinguish- 
able microvascular lesions can be found in aged nondiabetic 
patients, but rarely to the extent seen in those with long- 
standing diabetes. 


Figure 20—21. Markedly thickened glomerular basement membrane 
in a diabetic. L is the glomerular capillary lumen and S is the urinary 
space. 


The pathogenesis of diabetic microangiopathy is still 
unknown, but several mechanisms are postulated and are 
not mutually exclusive.”° As detailed later, it is now thought 
that persistent hyperglycemia, per se, is necessary for the 
full development of microangiopathy. There is also evidence 
that binding of the glucose molecule to the amino acid of 
proteins (nonenzymatic glycosylation) may be responsible 
for some of the metabolic defects of diabetes. Glycosylation 
may contribute to the microangiopathy in several ways. 
Increased vascular permeability may be due either to in- 
creased filtration of glycosylated plasma proteins, or to 
glycosylation of some critical proteins in vascular endothe- 
lium. Evidence for either of these events is not available, 
but there is some evidence of increased glycosylation of 
basement membranes in diabetics.”* Other basement mem- 
brane alterations also occur. It will be recalled (p. 77) that 
basement membranes consist of collagen (mainly type IV), 
laminin, and anionic proteoglycans (including heparan sul- 
fate).”°77 Several studies show increased amounts and in- 
creased synthesis of collagen type IV, and increased levels 
of laminin in diabetes.’”*”” There is, however, a decrease in 
the amount and synthesis of proteoglycans.’”*”° The latter 
may contribute to the increased permeability to cationic 
proteins, particularly in the kidney (p. 1024); one notion is 
that compensatory increased synthesis of basement mem- 
brane molecules, to correct the deficient filter, eventually 
generates the thickened basement membranes.” Two ad- 
ditional events may contribute to the basement membrane 
thickening. Vracko and Benditt® suggested that the multilay- 
ered thickening could be due to repeated episodes of endo- 
thelial cell degeneration and regeneration, each layer rep- 
resenting a new cycle of endothelial injury and repair. Finally, 
thickening may be caused in part by enhanced binding of 
filtered protein to the altered basement membrane. 

Atherosclerosis. Atherosclerosis begins to appear in 
most diabetics, whatever their age, within a few years of 
onset of both IDDM and NIDDM. Less than 5% of nondi- 
abetics as opposed to approximately 75% of diabetics below 
the age of 40 have moderate-to-severe atherosclerosis. In 
most diabetics, the vascular lesions, called atheromas, do 
not differ qualitatively from those found in nondiabetics (p. 
506); however, diabetic lesions tend to be more numerous 
and florid and to undergo the constellation of changes 
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leading to complicated lesions, i.e., ulceration, calcification, 
and superimposed thromboses (Fig. 20—22). Thus, relatively 
early in the diabetic’s life, atherosclerosis may result in 
arterial narrowings or occlusions and attendant ischemic 
injury to organs; alternatively, it may induce aneurysmal 
dilatation, seen most often in the aorta, with the grave 
potential of rupture. This large vessel disease accounts 
for the heavy toll exacted by myocardial infarction, 
cerebral stroke, and gangrene of the lower extremities 
in these patients. Significant coronary atherosclerosis and 
myocardial infarction is up to five times more prevalent in 
diabetics than in the normal population. Whereas myocardial 
infarction is uncommon in nondiabetic females during repro- 
ductive life, it is almost as common in diabetic females as 
in diabetic males. Gangrene of the lower extremities is 100 
times more common in diabetics than in nondiabetics. 

The susceptibility of the diabetic to atherosclerosis is 
not well explained.® It has been loosely attributed to hyper- 
lipidemia; however, many diabetics have normal or only 
minimally elevated serum triglyceride and cholesterol levels. 
Attention is, therefore, focused on the level of HDL, which, 
you will recall, has an inverse risk-relationship to atheroscle- 
rosis (p. 507). Since HDL levels are reduced in NIDDM, 
susceptibility to atherogenesis may be enhanced. Specula- 
tion exists as to whether deranged arterial metabolism is 
important. When glucose levels are high, sorbitol, a product 
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Figure 20-22. Advanced aortic atherosclerosis in a 53-year-old 
male with NIDDM of 21 years’ duration. 
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of glucose metabolism, is enzymatically formed. Increased 
activity of the enzymes involved in sorbitol metabolism has 
been identified in the aortic wall, leading to changes in 
intimal metabolism. Most patients with NIDDM also tend to 
be obese and hypertensive, so that other contributing influ- 
ences are present. Diabetics have increased platelet adhe- 
siveness and response to aggregating agents. These 
changes are also likely to favor atherogenesis. For whatever 
reason, all diabetics who have had the disease for at least 
ten years, irrespective of the age of onset, are likely to have 
Clinically significant atherosclerosis. 

Arterioles. Thickening of arteriole walls (arterioloscle- 
rosis) is not only more common among diabetics than 
normals but also tends to be more severe. Indistinguishable 
arteriolosclerosis can also be found in nondiabetic hyperten- 
sive patients (p. 1045); in the diabetic it may be found in the 
absence of hypertension.®*' The arteriolosclerosis affects all 
vascular beds, particularly those in the kidneys. The most 
common lesion encountered is hyaline arteriolosclerosis, 
described in detail on page 1045. 

Kidneys. The kidneys are usually the most severely 
damaged organs in the diabetic. Renal failure, usually due 
to renal microvascular disease, accounts for many diabetic 
deaths in both juveniles and adults. Any one or any combi- 
nation of the following major lesions may be found: (1) 
glomerular involvement with three distinctive patterns: 
diffuse glomerulosclerosis, nodular glomerulosclerosis, and 
exudative lesions—these result in proteinuria, and in time 
progress to chronic renal failure; (2) arteriolosclerosis, 
including so-called benign nephrosclerosis and frequently 
associated with hypertension; (3) bacterial urinary tract in- 
fection, with pyelonephritis and sometimes necrotizing 
papillitis. 

The glomerular and arteriolar lesions are the most 
important and are intimately linked to the overall diabetic 
microangiopathy. Since diabetic renal disease is one of the 
major causes of renal morbidity and mortality, the subject 
will be discussed in detail in Chapter 21 (p. 1022). 

Eyes. One of the most threatening aspects of diabetes 
mellitus is the development of visual impairment consequent 
to retinopathy, cataract formation, or glaucoma. Diabetic 
retinopathy is the fourth leading cause of all legal blindness 
(visual acuity of 20/200 or worse) in the United States today. 
In the development of diabetic retinopathy, the duration of 
disease appears to be a very important determinant. It has 
been estimated that if a patient is diagnosed as a diabetic 
at age 30, there is a 10% chance he will have some degree 
of diabetic retinopathy by age 37, a 50% chance by age 45, 
and a 90% chance by age 55. However, it should be 
appreciated that diabetic retinopathy does not always impose 
a visual handicap, depending on whether the macula is 
involved or not. The retinopathy can be divided into 
nonproliferative arid proliferative stages. 

Nonproliferative retinopathy, also called “background 
retinopathy,” is characterized by the appearance of micro- 
aneurysms accompanied by edema, exudates, hemor- 
rhages, and arteriolar and venous changes. The microaneu- 
rysms comprise globular or fusiform outpouchings from one 
side of the capillary wall, ranging from 10 to 200 wp in 
diameter (Fig. 20-23). When vascularized they appear as 
cherry-red spots in the retina, but thrombosis and organi- 
zation may transform them to yellow-white lesions. Their 
origins are still somewhat uncertain. One theory suggests 
that initially there is loss of capillary pericytes, leading to 
focal weakening and dilatation of the capillary walls. Alter- 
natively, the systemic microangiopathy and retinal edema 
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Figure 20-23. Cross section of a retinal microaneurysm. Note 
microangiopathy in upper left corner (arrow). (Courtesy of Dr. Merle 
Legg, New England Deaconess Hospital, Boston.) 


may lead first to focal collapse of the capillary bed in the 
retina, followed by the development of dilated, circuitous 
capillary shunts. The tortuous capillaries kinked upon them- 
selves may create the microaneurysm. However they de- 
velop, retinal microaneurysms are generally thought to 
be virtually diagnostic of diabetes mellitus. Although 
initially described in the retina, microaneurysms have also 
been reported in cardiac and glomerular capillaries.® It is of 
interest that approximately half the patients with retinal 
microaneurysms have nodular glomerular sclerosis. Con- 
versely, if a patient has nodular glomerular sclerosis he is 
almost certain to have retinal microaneurysms. Retinal 
edema appears most evident in the macular region when 
the macroangiopathy in the capillaries induces increased 
vascular permeability. “Hard, waxy exudates” constitute 
localized accumulations of extravasated protein and lipid 
that form in the deep layers of the retina as a consequence 
of altered capillary permeability. “Cotton-wool spots” com- 
prise, in essence, gray-white microinfarcts in the superficial 
retinal layers. Any or all of these changes are construed as 
manifestations of nonproliferative retinopathy. 

Much more ominous is the appearance of proliferative 
diabetic retinopathy characterized by neovascularization 
and fibrosis of the retina. This may progress over the span 
of a few years to create a vascular connective tissue mass 
over the retina and disc, causing severe visual impairment 
or total blindness. Adhesions between this fibrovascular 
tissue and the vitreous body may develop, leading to vitreous 
hemorrhages and/or retinal detachment, aggravating an al- 
ready serious problem.*® 

Nervous System. Peripheral nerves, brain, and spinal 
cord may all be damaged in long-standing diabetes. Most 
commonly encountered is symmetric peripheral neurop- 
athy affecting both motor and sensory nerves of the lower 
extremities. It is characterized by Schwann cell injury, myelin 
degeneration, and also axonal damage. Damage to the 
Schwann cells or possibly axons is believed to be the primary 


event, but this issue is not settled (p. 1431). The peripheral 
neuropathy is sometimes accompanied by disturbances in 
the neural innervation of the pelvic organs (autonomic 
neuropathy) leading to sexual impotence and bowel and 
bladder dysfunction. 


The cause of the neuropathy is somewhat uncertain 
and several explanations have been offered. It may be 
related to diffuse microangiopathy affecting the nutritional 
maintenance of the peripheral nerve. This mechanism seems 
to be the most likely explanation for diabetic mononeuro- 
pathies affecting, for example, obturator, femoral, or sciatic 
nerves. Disordered glucose metabolism, rather than vascular 
insufficiency, is believed to be the cause of polyneuropathies. 
In experimental models of diabetes, a marked decrease in 
the nerve myo-inositol concentration has been noted in 
association with decreased neural conduction. It is postu- 
lated that hyperglycemia somehow alters the metabolic 
pathways responsible for maintaining the myo-inositol levels 
in the nerves. Much, however, remains to be known.® 
Neuronal degeneration in the brain and spinal cord may also 
appear. In addition, the diabetic has some predisposition to 
cerebral infarctions and brain hemorrhages, the latter related 
to the hypertension seen so often in these patients. It is 
worth noting that neurons are vulnerable to the hypoglycemia 
encountered in insulin reactions and to the ketoacidosis of 
the uncontrolled diabetic state. 

Other Organs. A variety of skin lesions occur in long- 
term diabetics. Perhaps most common are skin infections, 
reflecting the diabetic’s predisposition to infections. Localized 
collections of lipid-laden macrophages (foam cells or xan- 
thoma cells) in the dermis and subcutaneous fat create so- 
called diabetic xanthomas. These appear as firm, yellow 
nodules directly beneath the epidermis, usually on the ex- 
tensor surfaces of the elbows and knees and on the: back 
and buttocks. Other distributions may also occur. Xanthomas 
are thought to result from the hyperlipemia of diabetes and 
are seen in other disorders associated with high blood lipid 
levels. 


CLINICAL Course. It is difficult to sketch with 
brevity the diverse clinical presentations of idiopathic 
diabetes mellitus, because the disease may appear as 
silently as a cat or storm in like an enraged bull. Only 
a few stereotypical responses can be presented. IDDM, 
sometimes following a transient remission, is dominated 
largely by signs and symptoms emanating from the 
disordered metabolism (p. 974). Glucose intolerance is 
of the unstable or brittle type and is quite sensitive to 
administered exogenous insulin, deviations from normal 
dietary intake, unusual physical activity, infection, or 
other forms of stress. Inadequate fluid intake or vomiting 
may rapidly lead to significant disturbances in fluid and 
electrolyte balance. Thus, these patients are vulnerable 
on the one hand to hypoglycemic episodes and on the 
other to ketoacidosis. Fortunately, these hazards are 
more avoidable than the long-term sequelae of angio- 
pathy, nephropathy, retinopathy, and neuropathy. 
However, in some children and adolescents the onset 
of IDDM is asymptomatic, detectable only by means of 
postprandial hyperglycemia or an abnormal glucose tol- 
erance test. 

NIDDM begins with few, if any, signs or symp- 
toms. The disease may be discovered in these patients 
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during routine examination revealing postprandial hy- 
perglycemia or glycosuria, or because they have insidi- 
ously, and without its being diagnosed, developed vas- 
cular complications. Some of the many presentations of 
this insidious form of the disease include impairment of 
vision, susceptibility to skin infections, vulvar pruritus, 
a recalcitrant ulcerative lesion on the toe or foot unre- 
sponsive to the usual forms of therapy, gangrene of a 
toe or foot, loss of sensation, paresthesias, impotence 
related to neuropathy, or indeed the dramatic occur- 
rence of a myocardial infarct or cerebral stroke in a 
relatively young person. At other times the patient is 
discovered to be diabetic because of the insidious onset 
of renal failure, producing unexplained anemia, exces- 
sive fatigue, or proteinuria. The glomerular changes in 
diabetes mellitus may induce a severe proteinuria, 
sometimes sufficient to cause the nephrotic syndrome 
(p. 1022). In addition, elevated blood pressure is found 
in up to 80% of patients with NIDDM, especially in 
those who are obese. Thus, the patient with NIDDM 
usually does not have the dramatic acute metabolic 
syndrome, but instead has a stable, frequently insidious 
form of glucose intolerance, often leading to the chronic 
vascular syndrome. 

As mentioned earlier, there is still disagreement as 
to whether “rigid” control of the carbohydrate intoler- 
ance will delay or prevent the appearance and/or pro- 
gression of the late complications of this disease.*’ 
Central to this important controversy is the question 
whether the microangiopathies and neuropathies are 
related directly to the high-glucose metabolic environ- 
ment. Some reports suggest that the microangiopathy 
is not related to the metabolic derangement and rep- 
resents a separate genetic predisposition that may ap- 
pear in patients having little or no carbohydrate intol- 
erance, such as in individuals in the PotAGT category 
(Table 20-1). On the other side of the fence is the much 
more widely held opinion that there is a definite rela- 
tionship between glucose intolerance and basement 
membrane thickening as well as neurologic complica- 
tions. This view is supported by the following observa- 
tions: (1) Several clinical studies indicate a correlation 
between the degree of hyperglycemia and the appear- 
ance of retinal, renal, and neurologic changes. Some 
(but not all§’) studies have shown arrest® or reversal* 
of basement membrane thickening by strict diabetic 
control. (2) In animal models of diabetes, if islet cell 
transplantation is performed soon after the induction of 
diabetes, microvascular lesions do not appear. If the 
islet cell transplantation is delayed, basement mem- 
brane thickening occurs. (3) When normal kidneys are 
transplanted into diabetic recipients, arteriolar and glo- 
merular changes resembling spontaneous diabetic ne- 
phropathy appear in the transplanted kidney. (4) Con- 
versely, when experimental or human diabetic kidneys 
have been tranplanted to nondiabetic recipients, rever- 
sal of the diabetic glomerular changes has occurred.” 

The view that hyperglycemia is in some way related 
to the late complications of diabetes has received addi- 
tional support from the recent observations that glucose 
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can react nonenzymatically with several body proteins 
to form stable covalent linkages. For example, nonen- 
zymatic glycosylation of HbA leads to the formation of 
HbA,,., which normally constitutes about 4% of the red 
cell hemoglobin. The rate of nonenzymatic glycosylation 
is directly related to the degree of hyperglycemia, and 
therefore the red cell HbA, increases severalfold in 
uncontrolled diabetics. Since HbA,, is formed continu- 
ously during the 120-day life span of the red cells, its 
blood level provides an index of the average blood 
glucose levels over the preceding 60 to 90 days. Al- 
though HbA,, is the most widely studied glycosylated 
protein, nonenzymatic glycosylation of a variety of other 
proteins, including serum albumin, lens crystallin, col- 
lagen, and basic myelin protein, has also been detected. 
Glycosylation, it is postulated, can alter the structure 
and function of body proteins and thus contribute to the 
development of various late complications of diabetes. 
Even if future investigations substantiate this attractive 
hypothesis, metabolic abnormalities may not be the only 
factor in the genesis of diabetic microangiopathies. It is 
well known, for example, that, in a significant minority 
of patients with poorly controlled, long-standing diabe- 
tes, typical vascular complications such as retinopathy 
do not develop. Therefore, other factors, possibly ge- 
netic, are also involved.*! 

Life expectancy for the diabetic is shortened. In a 
general survey of diabetics in Iowa encompassing all 
ages and all forms of diabetes, the average estimated 
life expectancy at birth for diabetic males was approxi- 
mately 60 years and for diabetic females approximately 
70 years, representing a reduction of nine years for 
males and approximately seven years for females.** The 
age of onset of the disease appears to have a material 
effect on these figures. There is thus a significant excess 
mortality in diabetics, more marked with onset in youth. 
Nonetheless, some patients with IDDM are remarkably 
spared and have been shown to be relatively free of 
later sequelae, even after 40 years of disease.* 

The causes of death in order of importance are 
myocardial infarction, renal failure, cerebrovascular dis- 
ease, ischemic heart disease, and infections as well as a 
number of other possible complications, including gan- 
grene of an extremity or mesenteric thrombosis. Special 
mention should be made of the diabetics enhanced 
susceptibility to infections, collectively responsible for 
about 5% of all deaths. The basis for this is still imper- 
fectly understood but may be related to impaired blood 
supply to tissues secondary to microangiopathy; in ad- 
dition, decreased leukocyte chemotaxis and bactericidal 
activity have been demonstrated (p. 51). Thus, any 
infection in the diabetic is serious and may lead ulti- 
mately to death. A happy note in this otherwise sad 
litany is that hypoglycemia and ketoacidosis are rare 
causes of death today. Even happier is the breakthrough 
showing that diabetes in the experimental animal can 
be virtually cured by islet transplantation, since inno- 
vative techniques designed to overcome the histocom- 
patibility barriers are being devised. It is hoped that 
some of the experimental protocols used to prolong islet 


cell transplants in animal models will become available 
for human use. 


ISLET CELL TUMORS 


Islet cell tumors*! are rare in comparison with 
tumors of the exocrine pancreas. They are most common 
in adults and can occur anywhere along the length of 
the pancreas. They may be hormonally functional or 
entirely nonfunctional. The tumors may be single or 
multiple and benign or malignant, the latter metasta- 
sizing to lymph nodes and liver. When multiple, each 
tumor may be composed of a different cell type. 

The three most common and distinctive clinical 
syndromes associated with hyperfunction of the islets of 
Langerhans are: (1) hyperinsulinism and hypoglycemia, 
(2) the Zollinger-Ellison syndrome (gastrinoma), and (3) 
multiple endocrine neoplasia. Each of these may be 
caused by (1) diffuse hyperplasia of the islets of Langer- 
hans, (2) benign adenomas that occur singly or multiply, 
and (3) malignant islet tumors.*) 


BETA-CELL TUMORS (HYPOGLYCEMIA) 


Beta-cell tumors (insulinomas) are the most com- 
mon of islet cell tumors and may be responsible for the 
elaboration of sufficient insulin to induce clinically sig- 
nificant hypoglycemia. There is a characteristic clinical 
triad resulting from these pancreatic lesions: (1) attacks 
of hypoglycemia occur with blood sugar levels below 50 
mg/dl of serum; (2) the attacks consist principally of such 
central nervous system manifestations as confusion, stu- 
por, and loss of consciousness and are clearly related to 
fasting or exercise; (3) the attacks are promptly relieved 
by the feeding or parenteral administration of glucose. 
There are other causes for hypoglycemia when a patient 
manifests this classic triad, but the cause should first be 
sought in the pancreas. 


Analysis of pancreatic islet lesions inducing hyperinsu- 
linism indicates that about 70% are solitary adenomas, 
approximately 10% are multiple adenomas, 10% are metas- 
tasizing tumors that must be interpreted as carcinomas, and 
the remainder are a mixed group of diffuse hyperplasia of 
the islets and adenomas occurring in ectopic pancreatic 
tissue.°%° The insulin-producing adenomas, often called in- 
sulomas, vary in size from minute lesions difficult to find 
even on the dissecting table to huge masses of over 1500 
gm (Fig. 20-24). Most occur singly, as indicated earlier, but 
in about one case in seven, multiple adenomas are found 
scattered throughout the pancreatic substance. They are 
usually encapsulated, firm, yellow-brown nodules that, by 
expansile growth, compress the surrounding pancreatic sub- 
stance. Histologically, they are composed of cords and nests 
of well-differentiated beta cells that do not differ from those 
of the normal islet (Fig. 20—25). On electron microscopy, the 
tumor cells resemble non-neoplastic beta cells and exhibit 
membrane-bound granules 150 to 200 yw in diameter, with a 
dense core, a halo, and a single-limiting membrane.* By 
immunohistochemistry, insulin can be readily visualized in 
tumor cells. 


Figure 20—24. Islet cell adenoma of pancreas. Small, pale tumor is 
seen on transection of pancreas. 


The malignant tumor displays little evidence of anaplasia 
and, in fact, it may be impossible from the histologic evalu- 
ation of the tumor to determine its biologic behavior. Rupture 
of the capsule and extension into the surrounding pancreatic 
substance are not reliable criteria of malignancy, and the 
diagnosis of carcinoma of the islets should not be made in 
the absence of unmistakable evidence of metastasis or local 
invasion beyond the substance of the pancreas. Although, 
with newer evaluation procedures, up to 80% of islet cell 
tumors may show excessive insulin secretion, the hypogly- 
cemia is mild in all but 20%, and many never become 
Clinically symptomatic.** Malignant tumors are more often 
hormonally active. 


Figure 20—25. Islet cell adenoma of pancreas. The well-defined 
margin of an islet cell tumor. Note resemblance of tumor cells to 
normal islet cells. 
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Hyperinsulinism may also be caused by diffuse hyper- 
plasia of the islets. This change is found occasionally in 
adults but is rather characteristic of infants born of diabetic 
mothers. Long exposed to the hyperglycemia of the maternal 
blood, the infant responds by an increase in the size and 
number of its islets. In the postnatal period, these hyperactive 
islets may be responsible for serious episodes of hypogly- 
cemia. 
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The differential diagnosis of hypoglycemia must 
also include a consideration of a variety of functional 
and organic disorders in addition to the beta-cell lesions 
already discussed. Functional hypoglycemia is some- 
times encountered quite mysteriously in patients with- 
out apparent underlying cause, and may here be re- 
ferred to as idiopathic hypoglycemia. It is also found in 
so-called insulin-sensitivity states, early diabetes melli- 
tus, after partial gastrectomy, in starvation, and in 
certain leucine-sensitive states. The organic causes for 
hypoglycemia include, in addition to the beta-cell le- 
sions already described, diffuse liver disease, the gly- 
cogenoses, hypofunction of the anterior pituitary and 
adrenal cortex, and a variety of extrapancreatic neo- 
plasms. The association of hypoglycemia with these 
extrapancreatic neoplasms has excited considerable in- 
terest in the effort to elucidate the underlying mecha- 
nisms. Fibromas and fibrosarcomas located in the ret- 
roperitoneal space adjacent to the diaphragm or in the 
thorax predominate among these interesting problems. 
Also responsible, although less commonly, are such 
varied tumors as hepatic, adrenal, gastric, and bile duct 
carcinomas. All these tumors generally are of large size 
and, although many have metastasized, there is no linear 
correlation between the production of hypoglycemia 
and the total mass of tumor. Several studies have 
identified elevations of a circulating insulin-like sub- 
stance (nonsuppressible insulin-like activity, NSILA), 
probably somatomedin, in patients with these tumors.” 


ZOLLINGER-ELLISON SYNDROME 
(GASTRINOMA; ULCEROGENIC ISLET CELL 
TUMOR) 


Reference has previously been made, in the con- 
sideration of peptic ulcer, to the syndrome described 
by Zollinger and Ellison: the association of pancreatic 
islet cell tumors with gastric hypersecretion and peptic 
ulceration.*” Fundamental to the peptic ulcerations is 
gastric hypersecretion. The stimulus to such hyperse- 
cretion has been clearly established as gastrin, so the 
tumor is also known as a gastrinoma. Gastrin has been 
demonstrated in these tumors by radioimmunoassay and 
has been elaborated in cultures of tumor cells. Although 
most common in the pancreas, 10 to 15% of gastrinomas 
occur in the duodenum. 

A definitive gastrin-producing cell in the normal 
human pancreas has not been identified. However, 
gastrin-producing cells in some of the more well-differ- 
entiated islet cell tumors have ultrastructural features 
similar to those of normal intestinal and gastric G cells, 
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the latter known to be the source of gastrin in these 
tissues. * 
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In an extensive review of 260 of these lesions, approx- 
imately 60% were malignant, two-thirds having metastasized 
at the time of discovery, and 40% were benign. Only spread 
to lymph nodes or metastases marks the tumors as malig- 
nant. Some of the benign adenomas occurred multiply and 
in association with endocrine adenomas elsewhere, justifying 
their being classified as examples of multiple endocrine 
neoplasia.” Seventy-five per cent of the ulcers occur in the 
usual sites within the stomach or, more often, in the first 
and second portions of the duodenum. Abnormally located 
peptic ulcers in the distal portions of the duodenum and 
jejunum occur in 25% of cases. In one of ten patients, there 
are multiple ulcerations. The stomach also shows hyperpla- 
sia of the acid-secreting parietal cells.* 


Patients with the Zollinger-Ellison syndrome pres- 
ent formidable problems in clinical management. They 
have striking gastric hypersecretion, which presumably 
produces the intractable ulcers. In addition, diarrhea is 
often sufficiently extreme to cause serious problems in 
fluid and electrolyte control, and many patients develop 
malabsorption syndromes. Moreover, the lesions in the 
pancreas not only may be malignant but, even when 
benign, may be very small or multiple and difficult to 
discover at surgical exploration. It is not uncommon, 
therefore, for symptoms to be recurrent following re- 
moval of any apparent solitary lesion, with later discov- 
ery of additional lesions within the pancreas. 


MULTIPLE ENDOCRINE NEOPLASIA (MEN) 
SYNDROMES 


These fascinating syndromes, as first described, 
comprised the common association of “multiple endo- 
crine adenomas’ of the pituitary, pancreas, and para- 
thyroid glands. Wermer® expanded this entity when he 
noted the frequent occurrence of peptic ulcers in these 
patients. He further postulated a familial distribution, 
now defined as an autosomal dominant mode of trans- 
mission with incomplete penetrance. Almost contem- 
poraneously, the Zollinger-Ellison syndrome was de- 
scribed, associating some non-insulin-producing islet 
cell tumors of the pancreas with peptic ulcers. Since 
these original descriptions, the Zollinger-Ellison syn- 
dome has been noted in individuals with multiple 
endocrine tumors, and families have been identified in 
which one member had the Zollinger-Ellison syndrome 
while others had multiple adenomas. Currently, it is 
believed that multiple endocrine tumors and the Zollin- 
ger-Ellison syndrome are phenotypic variants of the 
same mutant gene. Because some of these tumors are 
malignant, the term multiple endocrine neoplasia 
(MEN) has replaced the older designation of multiple 
endocrine adenomatosis. !™ 

The MEN syndromes have been further subdivided 
into several types, depending on the organs involved 
and the presence or absence of peptic ulcerations (Table 


20-2). MEN I consists of tumors or hyperplasias of the 
parathyroid glands, pituitary, adrenal cortex, and pan- 
creas; together with peptic ulcerations and gastric hy- 
persecretion. In contrast, MEN II (Sipple syndrome) is 
characterized by multiple pheochromocytomas (tumors 
of the adrenal medulla), medullary carcinoma of the 
thyroid (p. 000), and parathyroid hyperplasia or ade- 
noma, but no pancreatic islet cell tumors or peptic 
ulceration. In some families with MEN II, there is, in 


_ addition to the tumors described, a distinctive constel- 


lation of mucocutaneous lesions, including neuromas of 
the eyelids, tongue, lips, intestines, bronchus, and 
bladder. To these, the term MEN IIb or MEN III has 
been given, to differentiate them from MEN Ila, in 
which mucocutaneous neuromas are not present. Table 
20-2 indicates the areas of overlap of MEN I and MEN 
II. It is evident that MEN I comprises, in essence, 
polyendocrine involvement associated with peptic ul- 
cers. In contrast, MEN II is better remembered as the 
medullary carcinoma—pheochromocytoma syndrome not 
associated with peptic ulcers. Both patterns of MEN 
are familial. Other variants have been segregated, 
strongly suggesting a spectrum of familial disorders 
arising out of specific gene mutations or variable expres- 
sions of a common mutant gene. 

It is impossible even to summarize the range of 
clinical presentations that may be encountered in MEN 
I and MEN II. In the individual patient, one or two of 
the functioning lesions usually overshadow the others. 
Among the more frequent presentations are: (1) intract- 
able peptic ulcer disease; (2) evidence of hyperparathy- 
roidism; (3) manifestations arising in the pancreatic islet 
lesions, such as hyperinsulinism; (4) Cushing's syn- 
drome; and (5) hypertension related to the pheochrom- 
ocytoma. 


RARE ISLET CELL TUMORS 


Alpha-cell tumors (glucagonomas) are associated 
with increased serum levels of glucagon and a syndrome 
consisting of mild diabetes mellitus, a characteristic 
migratory necrotizing skin erythema, and anemia. Delta- 
cell tumors (somatostatinoma) are associated with dia- 
betes mellitus, cholelithiasis, steatorrhea, and hypo- 
chlorhydria and are exceedingly difficult to detect pre- 


Table 20-2. MULTIPLE ENDOCRINE NEOPLASIA SYNDROMES 


MEN lib 
Lesions MEN | MEN lla or Ill 
Pituitary ++++ 0 ) 
Medullary carcinoma of + ++++ pile eee 
thyroid 

Parathyroid ++++ ++ + 
Adrenal cortex 5 oa oe as + + 
Pheochromocytoma 0 She +++4+ 
Pancreas ++++ 0 ) 
Peptic ulcer 4 Oa be nie 0 0 
Mucocutaneous neuromas 0 0 oe ee 


operatively. Polypeptide-secreting islet cell tumors! 
are endocrinologically asymptomatic. Vipoma is an islet 
cell tumor that induces a characteristic syndrome of 
watery diarrhea, hypokalemia, and achlorhydria (the 
WDHA syndrome), and is caused by release of vasoac- 
tive intestinal peptide (VIP) from the tumor. Pancreatic 
carcinoid tumors producing serotonin and an atypical 
carcinoid syndrome are exceedingly rare. 


Some pancreatic and extrapancreatic tumors pro- 


duce two or more hormones, usually simultaneously 
and occasionally in sequence. In addition to insulin, 
glucagon, and gastrin, islet cell tumors produce ACTH, 
MSH, vasopressin, norepinephrine, and _ serotonin. 
These are called multihormonal tumors to distinguish 
them from the multiple endocrine neoplasias described 
earlier, in which a multiplicity of hormones are pro- 
duced by several different glands. 
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Agenesis of kidney 
Hypoplasia 
Anomalies of position, form, and 
orientation 
Displacement of kidneys 
Horseshoe kidney 
Miscellaneous anomalies 
Anomalies of differentiation—renal cysts 
Cystic renal dysplasia 
Polycystic kidney disease 
Cystic diseases of renal medulla 
Acquired (dialysis-associated) cystic 
disease 
Simple cysts 
Glomerular Diseases 
Clinical manifestations 
Histologic alterations 
Pathogenesis of glomerular injury 
In situ immune complex formation 
Circulating Immune complex nephritis 
Cell-mediated immunity in 
glomerulonephiitis 
Activation of alternate complement 
pathway 
Mediators of immunologic glomerular 
injury 
Other mechanisms of glomerular injury 
Acute glomerulonephnritis 
Acute poststreptococcal (proliferative) 
glomerulonephritis 
Rapidly progressive glomerulonephiitis 
(RPGN) 
Postinfectious RPGN 
Goodpasture’s syndrome 


Idiopathic RPGN 
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metabolic disturbances 
Urate nephropathy 
Hypercalcemia and nephrocalicinosis 
Hypokalemic nephropathy 
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NORMAL 


The story-teller of Isak Dinesen’s Seven Gothic 
Tales defined man as an ingenious machine designed to 
turn, with “infinite artfulness, the red wine of Shiraz 
into urine.” More accurately but less poetically, human 
kidneys serve to convert over 1700 liters of blood per 
day into about 1 liter of a highly specialized concentrated 
fluid called urine. In so doing, the kidney performs 
some of the most critical functions necessary for survival. 
It excretes the waste products of metabolism, precisely 
regulates the body's concentration of water and salt, 
maintains the appropriate acid balance of plasma, and 
serves as an endocrine organ, secreting such important 
hormones as erythropoietin, renin, and prostaglandins. 
The physiologic mechanisms that the kidney has evolved 
to carry out these functions require a high degree of 
structural complexity. An understanding of kidney dis- 
eases requires a thorough knowledge of its structure 
and the interrelationships and interdependence of its 
various components. 

Embryologically, the adult kidney, or the meta- 
nephros, is formed after two primitive attempts have 


regressed—the pronephros and mesonephros.! The 
renal collecting system is derived from the main excre- 
tory duct of the earlier pronephros, now termed the 
wolffian duct. This duct branches, forming the renal 
calyces and the collecting tubules. The functioning 
nephrons derived from the metanephric anlage become 
attached to the growing ends of the collecting system. 
Thus, in developmental abnormalities, there may be 
developmental failure of the metanephric anlage, of the 
collecting system, or of both. 

Each human adult kidney weighs about 150 gm. As 
the ureter enters the kidney at the hilus, it dilates into 
a funnel-shaped cavity, the pelvis, from which derive 
two to three main branches, the major calyces; the latter 
subdivide again into about three to four minor calyces. 
There are about 12 minor calyces in the human kidney. 
On cut surface, the kidney is made up of a cortex and 
a medulla, the former 1.2 to 1.5 cm in thickness. The 
medulla consists of renal pyramids, the apices of which 
are called papillae, each related to a calyx. Cortical 
tissue extends into spaces between adjacent pyramids 
as the renal columns of Bertin. From the standpoint of 
its diseases the kidney can be divided into four com- 
ponents: blood vessels, glomeruli, tubules, and intersti- 
tium. 
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BLoop VEssELs. The kidney is richly supplied by 
blood vessels, and although both kidneys make up only 
0.5% of the total body weight, they receive about 25% 
of the cardiac output. Of this, the cortex is by far the 
more richly vascularized, receiving 90% of the total 
renal circulation. In humans, the main renal artery 
divides into anterior and posterior sections at the hilus. 
From these, interlobar arteries emerge and course 
between lobes. As they reach the corticomedullary 
junction, they give rise to the arcuate arteries, which 
arch between cortex and medulla, in turn giving rise to 
the interlobular arteries, which run perpendicular to 
the cortical surface. From the interlobular arteries, 
afferent arterioles enter the glomerular tuft where they 
progressively subdivide into 20 to 40 capillary loops 
arranged in several units or lobules. Capillary loops 
ultimately merge together to exit from the glomerulus 
as efferent arterioles. From the efferent arterioles, the 
subsequent course of capillaries varies considerably. In 
general, efferent arterioles from superficial nephrons 
form a rich vascular network that encircles cortical 
tubules (peritubular vascular network), while deeper 
juxtamedullary glomeruli give rise to the vasa recta, 
which descend as straight vessels to supply the outer 
and inner medulla. These descending arterial vasa recta 
then make several loops in the inner medulla and ascend 
as the venous vasa recta. 


The anatomy of renal vessels has several important 
implications. First, because the arteries are largely end 
arteries, occlusion of any branch results in infarction of 
the specific area it supplies. It must also be evident that 
glomerular disease that interferes with blood flow 
through the glomerular capillaries must have profound 
effects on the tubules, within both the cortex and the 
medulla, since all tubular capillary beds are derived 
from the efferent arterioles. The peculiarities of the 
blood supply to the renal medulla render them espe- 
cially vulnerable to ischemia; the medulla is relatively 
avascular and the capillary loops in the medulla have a 
remarkably low hematocrit. Thus, any minor interfer- 
ence with the blood supply of the medulla may result 
in medullary necrosis. The renal cortex, on the other 
hand, is more vulnerable to hypertensive changes, since 
the normal pressure in glomerular capillaries is higher 
than in other capillary beds, and elevations of blood 
pressure in the aorta are transmitted to the afferent 
arterioles. 

GLOMERULUS. The glomerulus is a vascular-epithe- 
lial organ designed for the ultrafiltration of plasma. 
Embryologically, it is formed by an invagination of a 
capillary-containing mesenchymal mass into an epithe- 
lium-lined sac, Bowman's space. The epithelium that 
invests the capillary network (visceral epithelium) is 
incorporated into and becomes an intrinsic part of the 
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Figure 21-1. Low-power electron micrograph of mouse renal glomerulus. CL = capillary lumen; MES 
= mesangium; END = endothelium; EP = visceral epithelial cells with foot processes. (Courtesy of 


Dr. Vicki Kelley, Brigham and Women’s Hospital.) 


Figure 21-2. Glomerular filter consisting of fenestrated endothelium 
(End), basement membrane (BM), and foot processes (FP). FS = 
filtration slit. Arrow indicates the slit diaphragm. 


filtration membrane, whereas the parietal epithelium 
lines Bowman's space, the cavity in which plasma filtrate 
first collects. From the capillary lumen to the urinary 
space (Figs. 21-1 and 21-2), the filtering membrane 
consists of:? (1) a thin layer of fenestrated endothelial 
cells, each fenestrum being about 70 to 100 nm in 
diameter; (2) a glomerular basement membrane (GBM) 
about 320 nm wide in the human adult, with a thick 
central electron-dense layer, the lamina densa, and 
peripheral thinner electron lucent layers, the lamina 
rara interna and externa; and (3) the visceral epithelial 
cells (podocytes). Podocytes are structurally complex 
cells that possess interdigitating processes embedded in 
and adherent to the lamina rara externa of the basement 
membrane. Adjacent foot processes (pedicels) are sep- 
arated by 20 to 30 nm wide filtration slits, which are 
bridged by a thin diaphragm that, when viewed en face, 
exhibits an orderly structure with multiple repeating 
rectangular pores each about 4 by 14 nm, in the shape 
of a zipper. | 

Several biochemical components are present in the 
GBM (Fig. 21-2).° (1) Collagen type IV occupies all 
three layers and accounts for about 50% of dry weight 
of GBM; collagen is presumably responsible for the 
structural strength of the capillary wall. (2) Laminin is 
present throughout the GBM but concentrated in both 
laminae rarae; it probably plays a role in the adhesion 
and attachment of endothelial and epithelial cells to the 
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matrix. (3) Polyanionic proteoglycans, particularly hep- 
aran sulfate, are distributed in clusters, spaced at 50- to 
60-nm intervals, along both laminae rarae.* As we shall 
see, they are thought to account—at least in part—for 
the so-called glomerular polyanion responsible for the 
charge-dependent glomerular filtration barrier. (4) En- 
tactin is a newly discovered glycoprotein of uncertain 
role. (5) Fibronectin is distributed in small amounts in 
the laminae rarae, but there is some question whether 
it represents filtered plasma fibronectin or an intrinsic 
component of the GBM.° In addition to these compo- 
nents, an anionic sialoglycoprotein layer coats the sur- 
face of endothelial and visceral epithelial cells. 

The main function of the glomerulus is filtration. 
Two characteristics distinguish glomerular filtration from 
transcapillary exchange in other organs: (1) the glomer- 
ulus almost completely excludes plasma proteins of the 
size of albumin (M.W. + 70,000, radius 3.6 nm) and 
larger from the filtrate; and (2) it exhibits an extraordi- 
narily high permeability to water and small solutes. The 
latter can be accounted for by the highly fenestrated 
endothelium and the presence of the epithelial slits, 
both of which allow free passage of fluid. 

Physiologic studies indicate that the filtration of 
macromolecules across the glomerulus decreases with 
increasing effective molecular radius, approaching zero 
at a radius of approximately 3.5 nm.° There is thus a 
size-dependent permeability barrier in the glomerulus. 
From studies that employ particles visible under the 
electron microscope (e.g., ferritin, peroxidases of differ- 
ing molecular weights, and dextrans), it appears that 
the GBM is the principal structure responsible for this 
size discrimination, although admittedly a pore of ap- 
propriate dimensions (3.5 nm) has not been resolved.® 
Alterations in the structure and composition of the GBM 
are thus central to the leakage of proteins and blood 
cells characteristic of glomerular injury. 

In addition to size, clearance studies using dextrans 
and protein molecules of different isoelectric points (pI) 
demonstrate that the glomerulus can discriminate 
among molecules according to their charge, allowing 
greater penetration of neutral and cationic molecules as 
compared with anionic molecules of the same size.’ 
This charge-dependent restriction is important in the 
virtually complete exclusion of albumin from the filtrate, 
since albumin is an anionic molecule of a pI + 4.5. 
Charge selectivity is dependent on the presence of the 
negatively charged glomerular polyanions described 
above, including heparan sulfate proteoglycan.® It fol- 
lows, therefore, that loss of glomerular polyanion may 
result in increased filtration of proteins.® 

Another important component of the glomerulus is 
the mesangium, also called the centrilobular or axial 
region (Fig. 21—1).° The mesangium forms a branching 
supportive framework around which the anastomosing 
capillaries of individual glomerular lobules ramify. It 
consists of stellate mesangial cells embedded in a base- 
ment membrane-like PAS-positive glycoprotein—the 
mesangial matrix. The mesangial matrix is composed of 
the same biochemical components as the GBM. Mes- 
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angial cells are clearly contractile;® by their contraction 
in response to neurohormonal agents they are thought 
to modulate intraglomerular blood flow under physio- 
logic conditions. Mesangial cells are also endocytic and 
can serve to ingest macromolecules that may have leaked 
across the glomerulus. Small numbers of Ia-positive 
phagocytic cells are present in the normal rat glomeru- 
lus;!° these may be involved in phagocytosis of larger 
particles and in local immune reactions within the 
glomerulus. In normal glomeruli the mesangial area is 
narrow and contains a small number of cells and scant 
matrix. However, mesangial cell hyperplasia, increased 
mesangial matrix, and infiltration of the mesangium by 
circulating leukocytes are seen in a variety of glomerular 
diseases. 

TUBULES. The structure of renal tubular epithelial 
cells varies considerably at different levels of the neph- 
ron and, to a certain extent, correlates with the func- 
tional capacity of the tubular segment. For example, 
the highly developed structure of the proximal tubular 
cells, with their abundant long microvilli (which appear 
in histologic sections as the brush border), numerous 
mitochondria, apical canaliculi, and extensive intercel- 
lular interdigitations, may be correlated with its major 
functions: reabsorption of two-thirds of filtered sodium 
and water as well as glucose, potassium, phosphate, 
amino acids, and proteins. A sodium pump is thought 
to be located in the basal lateral labyrinth of the proximal 
tubular cells; operation of the pump is by the action of 
the membrane-bound Na*-K* ATPase and closely situ- 
ated mitochondria, which supply energy through oxi- 
dative phosphorylation. It is thus no surprise that the 
proximal tubule is particularly vulnerable to ischemic 
damage. Furthermore, toxins are frequently reabsorbed 
by the proximal tubule, rendering it also susceptible to 
chemical injury. 

A remarkable structure, the juxtaglomerular ap- 
paratus (JG),'' snuggles closely against the glomerulus 
where the afferent arteriole enters it. The JG apparatus 
consists of (1) the juxtaglomerular cells, modified gran- 
ulated smooth muscle cells in the media of the afferent 
arteriole that contain the hormone renin; (2) the macula 
densa, a specialized region of the distal tubule as the 
latter returns to the vascular pole of its parent glomer- 
ulus—here the tubular cells are more crowded and the 
cells are somewhat shorter and possess distinct patterns 
of interdigitation between adjacent membranes; and (3) 
the lacis cells or nongranular cells, which reside in the 
area bounded by the afferent arteriole, the macula 
densa, and the glomerulus. They resemble mesangial 
cells and appear to be continuous with them. The JG 
apparatus is a small endocrine organ, the JG cells being 
the principal source of renin production in the kidney. 
As we shall discuss (p. 1042), excessive renin production 
is implicated in the pathogenesis of several types of 
hypertension. 

INTERSTITIUM. The renal interstitium is an important 
component of the kidney, since it appears to be the 
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primary site of reactivity in a variety of renal diseases. 
In the normal cortex, the interstitial space is compact, 
being occupied by the fenestrated peritubular capillaries 
and a small number of fibroblast-like cells.’? Any obvious 
expansion of the cortical interstitium is usually abnor- 
mal; this expansion can be due to edema or infiltration 
with acute inflammatory cells, as in acute interstitial 
diseases, or may be caused by accumulation of chronic 
inflammatory cells and fibrous tissue, as in chronic 
interstitial diseases. The amount of mucopolysaccharide 
in the interstitial tissue of the medulla increases with 
age and in the presence of ischemia. 

The kidneys are innervated by both cholinergic and 
adrenergic fibers from the autonomic nervous system. 
Nerve endings are present in the smooth muscle cells 
of the vascular tree and near the tubules, but the 
glomeruli are not innervated. Sympathetic stimulation 
appears to be an important determinant of renin secre- 
tion (p. 1042). 


PATHOLOGY 
GENERAL CONSIDERATIONS 


Disorders primary in the kidneys are responsible 
for a great deal of morbidity but fortunately are not 
major causes of mortality. To place the problem in some 
perspective, approximately 35,000 deaths are attributed 
yearly to renal disease in the United States, in contrast 
to about 750,000 to heart disease, 400,000 to cancer, 
and 200,000 to stroke. The mortality data do not give 
the whole picture, however; the morbidity is by no 
means insignificant. Millions of persons are affected 
annually by nonfatal kidney diseases, most notably in- 
fections of the kidney or lower urinary tract, kidney 
stones, and obstruction to the free flow of urine. Urinary 
infection constitutes the second most common bacterial 
disease in clinical practice; 20% of all women suffer from 
infection of the urinary tract or kidney at some time in 
their lives. At least 1% of the U.S. population develop 
renal stones during their lifetime. Similarly, dialysis and 
transplantation programs keep many patients alive who 
would formerly have died of renal failure, adding to the 
pool of renal morbidity.'* The cost of such programs 
now exceeds 2 billion dollars annually. Renal disease 
also has special importance to the clinician because so 
many of the deaths occur in young people. 

Traditionally, diseases of the kidney have been 
divided into those that affect the four basic morphologic 
components: glomeruli, tubules, interstitium, and blood 
vessels. This is generally a useful approach, since the 
early manifestations of disease affecting each of these 
components tend to be distinct. Further, some compo- 
nents appear to be more vulnerable to specific forms of 
renal injury; for example, glomerular diseases are most 
often immunologically mediated, whereas tubular and 


interstitial disorders are more likely to be caused by 
toxic or infectious agents. Nevertheless, the anatomic 
interdependence of structure in the kidney implies that 
damage to one almost always secondarily affects the 
others. Disease primary in the blood vessels, for ex- 
ample, inevitably affects all the structures dependent 
on this blood supply. Severe glomerular damage impairs 
the flow through the peritubular vascular system; con- 
versely, tubular destruction, by increasing intraglomer- 
ular pressure, may induce glomerular atrophy. Thus, 
whatever the origin, there is a tendency for all forms of 
chronic renal disease ultimately to destroy all four 
components of the kidney, culminating in chronic renal 
failure and what has been called end-stage contracted 
kidneys. The functional reserve of the kidney is large, 
and much damage may occur before there is evident 
functional impairment. For these reasons, the early 
signs and symptoms are particularly important to the 
clinician. 

Some suggestions for an approach to the morpho- 
logic diagnosis of renal disease may be worth detailing. 
In the gross inspection of the kidney, attention should 
be directed to its size; the presence of cortical scars; 
the presence of focal lesions such as abscesses, tumors, 
or cysts; and the integrity of the papillae and the pelvic 
and calyceal systems. Generally, except for polycystic 
kidney disease and sometimes amyloidosis and diabetes, 
chronic renal diseases produce scarred kidneys that are 
smaller than normal. The presence of necrotic papillae 
on gross examination limits the diagnosis to a small 
number of diseases—diabetes, obstruction, pyelone- 
phritis, sickle cell disease, and analgesic nephropathy— 
and the presence of calyceal deformity almost always 
indicates chronic pyelonephritis. 

In histologic examination of the kidney, each com- 
ponent requires individual attention. Glomeruli, tu- 
bules, interstitium, and vessels should be systematically 
surveyed serially, in preference to a random scanning 
of the kidney for general impressions. By this approach, 
it is usually possible, especially early in the disease, to 
distinguish the principal point of attack from the sec- 
ondary or concomitant alterations. 

The widespread use of renal biopsy has changed 
our concepts of renal disease, particularly of the various 
types of glomerulonephritis. A number of special stains 
and techniques are used to highlight morphologic and 
immunologic details in such biopsies. These include: 


(1) The periodic acid—Schiff stain (PAS), which out- 
lines the basement membranes of glomeruli and tubules and 
highlights the mesangial matrix. 

(2) Silver impregnation stains, which also mark the 
glomerular and tubular basement membranes (Fig. 21-3). 

(3) Immunofluorescence and immunoperoxidase 
studies, which localize various types of immunoglobulins, 
antigens, complement, fibrin-related compounds, and cell 
surface markers. 

(4) Electron microscopy, which is frequently essential 
in resolving the fine details of glomerular lesions. 

(5) Other special stains, such as those for fibrin, 
amyloid, and lipids. 
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Clinical and Pathophysiologic Considerations 


Figure 21-3. Glomerulus, stained with silver impregnation method. 
Note silver-positive (black) thin basement membranes of glomerulus 
and tubules. 


CLINICAL AND PATHOPHYSIOLOGIC 
CONSIDERATIONS | 


THE MAJOR SYNDROMES 


Clinical manifestations of renal disease vary accord- 
ing to the component of the kidney primarily affected, 
the acuteness of development of the disorder, and, to a 
certain extent, the mechanism of renal injury. In gen- 
eral, however, the clinical presentations can be grouped 
into ten reasonably well-defined syndromes.'* Some of 
these are peculiar to glomerular diseases (p. 1003); 
others are present in diseases that affect any one of the 
components. 

1. Acute nephritic syndrome is a glomerular syn- 
drome dominated by the acute onset of usually grossly 
visible hematuria (red blood cells in the urine), mild- 
to-moderate proteinuria, and hypertension; it is the 
classic presentation of acute poststreptococcal glomeru- 
lonephritis (p. 1007). 

2. Rapidly progressive nephritis is characterized 
by an acute or subacute onset dominated by hematuria 
and profound oliguria (reduced urine output), leading 
to renal failure in weeks (p. 1009). 

3. The nephrotic syndrome is characterized by 
heavy proteinuria (over 3.5 gm per day), hypoalbumi- 
nemia, severe edema, hyperlipidemia, and _ lipiduria 
(lipid in the urine) (p. 1011). 

4. Asymptomatic hematuria, proteinuria, or a 
combination of these two are usually manifestations of 
subtle or mild glomerular abnormalities. 

5. Chronic renal failure, characterized by pro- 
longed symptoms and signs of uremia (p. 996), is the 
end result of all chronic renal diseases. 

6. Acute renal failure is dominated by oliguria or 
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anuria (no urine flow), with recent onset of azotemia (p. 
1027). 

7. Hypertension (p. 1041) may be either the result 
of several acute and chronic renal diseases or the direct 
cause of renal impairment (essential benign and malig- 
nant hypertension). 

8. Urinary tract infection is characterized by bac- 
teriuria and pyuria (bacteria and leukocytes in the 
urine). The infection may be symptomatic or asympto- 
matic, and may affect the kidney (pyelonephritis) or the 
bladder (cystitis) only (p. 1030). 

9. Nephrolithiasis (renal stones) is manifested by 
renal colic, hematuria, and recurrent stone formation 
(p. 1052). 

10. Renal tubular defects are dominated by poly- 
uria (excessive urine formation), nocturia, and electro- 
lyte disorders (e.g., metabolic acidosis). They are either 
the result of diseases directly affecting tubular structure 
(e.g., medullary cystic disease, p. 1001) or defects in 
specific tubular functions. The latter can be inherited 
(e.g., familial nephrogenic diabetes, cystinuria, renal 
tubular acidosis) or acquired (e.g., lead nephropathy). 

In addition to these ten syndromes, urinary tract 
obstruction (p. 1051) and renal tumors (p. 1053) repre- 
sent specific anatomic defects with often varied mani- 
festations. 
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CHRONIC RENAL FAILURE 


Acute renal failure implies a rapid and frequently 
reversible deterioration of renal function. As a charac- 
teristic syndrome with a complex pathogenesis, it is 
discussed separately on page 1027. Here we shall limit 
our discussion to chronic renal failure, which is the end 
result of a variety of renal diseases and is the major 
cause of death from renal disease. 

Although the term renal failure appears quite ex- 
plicit, implying renal function that is inadequate to 
maintain a normal internal milieu in both volume and 
composition, it has come to have a variety of interpre- 
tations. Some terminology must therefore be clarified. 
Azotemia is, strictly speaking, a biochemical abnormality 
that refers to an elevation of the blood urea nitrogen 
(BUN) and creatinine levels and is largely related to 
decreased glomerular filtration rate (GFR). Azotemia 
may, of course, be produced by many renal disorders, 
but it may also arise from extrarenal disorders. Prerenal 
azotemia is encountered when there is hypoperfusion 
of the kidneys, as occurs in congestive heart failure, 
shock, volume depletion, and hemorrhage, all of which 
impair renal function without parenchymal damage. 
Similarly, postrenal azotemia is seen whenever there is 
obstruction to urinary flow below the level of the kidney; 
if the obstruction is severe and protracted, it will 
inevitably produce renal lesions. Until such time, how- 
ever, relief of the obstruction will be followed by prompt 
correction of the azotemia. 

When azotemia becomes associated with a constel- 
lation of clinical signs and symptoms and biochemical 


abnormalities, it is termed uremia. Thus, uremia is a 
clinical syndrome, not merely a biochemical abnormal- 
ity. It is characterized not only by failure of renal 
excretory function but also by a host of metabolic and 
endocrine alterations incident to renal damage. There 
are, in addition, secondary gastrointestinal, neuromus- 
cular, and cardiovascular involvements, which are usu- 
ally necessary for the diagnosis of uremia. Uremia is 
thus the sine qua non of symptomatic chronic renal 
failure. 

Although exceptions abound, the evolution from 
normal renal function to symptomatic chronic renal 
failure may progress in stages as follows: 

GFR 30 to 50% of normal: serum BUN and creat- 
inine are normal and the patients are asymptomatic. 
However, they have diminished renal reserve and are 
more susceptible to develop azotemia with an additional 
renal insult. 

GFR 20 to 35% of normal: azotemia appears, 
usually associated with anemia and hypertension. Poly- 
uria and nocturia occur, as a result of decreased concen- 
trating ability. Sudden stress (e.g., with nephrotoxins) 
may precipitate uremia. 

GFR less than 20 to 25% of normal: overt uremia 
develops, associated with edema, metabolic acidosis, 
and neurologic, gastrointestinal, and cardiovascular 
complications. 

GFR less than 5%: end-stage renal disease, the 
terminal stage of uremia. 

The details of the pathophysiology of chronic renal 
failure are beyond our scope and are well covered in 
various nephrology texts.'+!’ Here we shall only briefly 
mention the principal clinical abnormalities and their 
presumed cause. 

FLuip, ELECTROLYTE, AND ACID-BASE DISTUR- 
BANCES. These are directly related to the role of the 
kidney in volume and electrolyte homeostasis. Dehy- 
dration tends to appear early in the course of some 
forms of renal disease in which there is impairment of 
concentrating ability and consequent excretion of large 
volumes of water. With progression, glomerular filtra- 
tion is ultimately impaired, with retention of both salt 
and water. Moreover, in most forms of chronic renal 
disease, an activated renin-angiotensin system leads to 
hyperaldosteronism, which further compounds the re- 
tention of salt and water and results in edema. 

Metabolic acidosis is largely due to a reduction in 
NH, production, resulting in insufficient buffering of 
H* ions in the urine. There also is commonly a de- 
creased serum bicarbonate level, a lowered blood pH, 
and variable degrees of compensatory hyperventilation. 
Occasionally, the sighing respiration through somewhat 
pursed lips demonstrates the classic Kussmaul breath- 
ing. 

ABNORMALITIES IN CALCIUM PHOSPHATE AND BONE 
METABOLISM. Classically, the patient with chronic renal 
failure exhibits an increase in serum phosphate when 
the GFR falls below 25% of normal. This hyperphos- 
phatemia enhances calcium entry into bones, causing 
hypocalcemia, which in turn leads to compensatory 


activity in the parathyroid glands, increased serum 
parathormone levels, and progressive hypertrophy and 
hyperplasia of the parathyroid glands (p. 1229). There 
are other causes for the hypocalcemia. The diseased 
kidney fails to synthesize ],25-dihydroxyvitamin D,, the 
active metabolite of vitamin D that normally enhances 
absorption of calcium from the gastrointestinal tract; 
thus, diminished calcium absorption by the gut contrib- 
utes to hypocalcemia. In addition there is some evidence 
that parathormone fails to mobilize calcium salts from 
bone adequately in patients with chronic renal failure. 
Thus, in long-standing uremia, skeletal abnormalities 
characteristic of hyperparathyroidism and hypocalcemia 
may appear, sometimes referred to as renal osteodys- 
trophy. Morphologically, these changes resemble those 
seen in osteomalacia or osteitis fibrosa cystica. Impaired 
bone growth in children and a tendency to spontaneous 
fractures are further manifestations of such renal osteo- 
dystrophy. 

CARDIOPULMONARY ABNORMALITIES. Congestive 
heart failure, probably in part secondary to salt reten- 
tion, is one of the most common manifestations. Hyper- 
tension is often present and is caused largely by the 
hypervolemia. There is also evidence of increased renin 
production in uremia (p. 1041). Uremic pericarditis is a 
frequent complication of chronic uremia. Characteristi- 
cally, it takes the form of a marked fibrinous exudate 
and is sometimes accompanied by a fibrinous pleuritis. 
To the clinician, these are manifested as pericardial and 
pleural friction ribs. Both have been shown to clear with 
adequate dialysis, and only rarely do they give rise to 
significant fibrous adhesions. Pulmonary edema is usu- 
ally secondary to congestive heart failure, or overhydra- 
tion. Occasionally uremia is associated with the presence 
of hyaline membranes along alveolar walls (p. 716), 
suggesting a direct increase in pulmonary capillary 
permeability (uremic pneumonitis). 

HEMATOPOIETIC MANIFESTATIONS. Anemia is gen- 
erally normochromic and normocytic, but is sometimes 
hypochromic. The anemia is due to decreased produc- 
tion of erythropoietin by the diseased kidney, bone 
marrow depression caused presumably by uremic 
plasma, uremic hemolysis due to a poorly defined 
extracorpuscular defect, blood loss from gastroenteritis, 
and some degree of hypersplenism. Some uremic pa- 
tients develop a bleeding diathesis. This is due in part 
to abnormal platelet aggregation and decreased platelet 
factor 3 release. 

GASTROINTESTINAL SIGNS AND SYMPTOMS. These 
may consist of only nausea and vomiting, but some 
patients have gastrointestinal bleeding. The hemorrhage 
arises in diffuse or patchy ulcerations that may affect 
virtually any level of the gut, from the oral cavity to the 
anus. Uremic esophagitis, gastritis, and colitis aye the 
more common localizations of the gastrointestinal le- 
sions. 

DERMATOLOGIC CHANGES. These consist princi- 
pally of a peculiar sallow coloration to the skin and 
itching. The skin color is in part the consequence of 
anemia, but may also result from the accumulation in 
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the skin of urinary pigment, principally urochrome 
(which normally gives urine its characteristic color). The 
origin of uremic itching remains unexplained, but it can 
be very distressing to the patient. 

NEUROMUSCULAR DISTURBANCES. These are com- 
mon manifestations of the uremic state that, although 
often mild, may sometimes be incapacitating. They 
include myopathy, encephalopathy, and peripheral neu- 
ropathy (p. 1429). Most of these are reversed by dialysis. 
Seizures, stupor, and coma are common in terminal 
uremia. 

Having discussed the manifestations of uremia, we 
should ask what produced them. One observation ap- 
pears to be well established: although the severity of 
uremic signs and symptoms correlates roughly with the 
blood concentration of urea, this product is not the 
prime cause. When uremic patients are dialyzed with 
fluid containing sufficient urea to prevent a fall in the 
concentration of urea in blood, the manifestations of 
uremia nevertheless clear. Other compounds suspected 
of causing the uremic syndrome are the guanidino 
compounds, urates and other metabolic end products of 
nucleic acid metabolism, aliphatic amines, and the so- 
called “middle molecules.” The latter are polypeptides 
of 300 to 3500 daltons that produce prominent abnormal 
“uremic peaks” in uremic plasma subjected to a variety 
of chemical separation procedures. There is also evi- 
dence that elevated levels of parathormone may be 
directly toxic to cells, and may also contribute to uremic 
toxicity by augmenting catabolism and the resultant 
plasma accumulation of nitrogenous waste products. 
Interesting as these leads may be, the precise “uremic 
toxin —the culprit responsible for all the far-ranging 
manifestations of uremia—is still at large.!® Against this 
background of the clinical syndrome of chronic renal 
failure, we can turn to consider the renal diseases that 
cause it. 


Congenital Anomalies 


CONGENITAL ANOMALIES 


About 10% of all persons are born with poteu:ially 
significant malformations of the urinary system. Renal 
dysplasias and hypoplasias account for 20% of chronic 
renal failure in children. Polycystic kidney disease (a 
congenital anomaly that becomes apparent in adults) is 
present in one in 3000 hospital admissions and is re- 
sponsible for 6 to 12% of chronic renal failure in humans. 
The frequency of congenital malformations should come 
as no surprise in view of the complex embryologic 
development of the kidney from three successive em- 
bryonic renal structures. Although the first two—pro- 
nephros and mesonephros—eventually regress, they 
have a vital role in the morphogenesis of the third—the 
metanephros—which eventually forms the infant kid- 
ney. 

Congenital renal disease is most often a result of a 
developmental defect that arises during gestation and 
does not have a hereditary basis. However, some de- 
velopmental defects, notably polycystic kidney disease 
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and medullary cystic disease, are clearly hereditary. As 
a rule, developmental abnormalities involve structural 
components of the kidney and urinary tract. However, 
enzymatic or metabolic defects in tubular transport, 
such as cystinuria and renal tubular acidosis, also occur. 
Here we shall restrict the discussion to structural anom- 
alies involving primarily the kidney. Anomalies of the 
lower urinary tract are discussed in Chapter 22. 

Renal malformations are best discussed under three 
headings:" (1) abnormalities in amount of renal tissue, 
such as renal agenesis and hypoplasia; (2) abnormalities 
of position, form, and orientation, such as horseshoe 
kidneys; and (3) abnormalities of differentiation. The 
last-named are by far the most important in terms of 
renal morbidity, and almost all are associated with the 
formation of renal cysts. 


ABNORMALITIES IN AMOUNT OF RENAL 
TISSUE 


Agenesis of Kidney 


Total bilateral agenesis of the kidneys is obviously 
incompatible with life and is encountered only in still- 
born infants. Unilateral agenesis is an infrequent anom- 
aly presumably due to the unilateral absence of a 
nephrogenic primordium or to a failure of the wolffian 
duct to make contact with the mesodermal mass, out of 
which the functioning nephrons develop. Occasionally, 
a small undifferentiated mass of connective tissue, 2 to 
3 cm in size, may mark the site of the developmental 
failure. The renal artery and vein may be absent or 
rudimentary. The opposite kidney is usually enlarged 
(compensatory hypertrophy). Although unilateral age- 
nesis is compatible with adequate renal function, some 
patients eventually develop progressive glomerular scle- 
rosis in the remaining kidney, probably as a result of 
the adaptive hemodynamic changes in hypertrophied 
nephrons (p. 1007). 


Hypoplasia 


Renal hypoplasia refers to failure of the kidneys to 
develop to a normal size. This anomaly may occur 
bilaterally but is more commonly encountered as a 
unilateral defect (Fig. 21-4). True renal hypoplasia is 
extremely rare, most cases reported probably repre- 
senting not an underlying developmental failure but 
acquired scarring due to vascular, infectious, or other 
parenchymal diseases. Differentiation between congen- 
ital and acquired atrophic kidneys may be impossible, 
but a truly hypoplastic kidney possesses a reduced 
number of renal lobules and calyces: five or fewer, in 
contrast with the normal complement of ten or more. 
In one form of hypoplastic kidneys, oligomegane- 
phronia, the kidney is small but curiously the remaining 
nephrons are markedly hypertrophied. Persons with 
bilateral hypoplasia usually die in infancy or early child- 
hood, often after the superimposition of another renal 


Figure 21—4. Multiple congenital anomalies of urinary tract. One 
kidney is hypoplastic. The ureters bilaterally are bifid (divided in 
their upper regions), and there are accessory anomalous renal 
arteries. 


disease (infection, stone formation) that reduces renal 
function further. 

Other anomalies in the amount of renal tissue 
include nephromegaly (large kidney) and supernumer- 
ary kidneys. 


ANOMALIES OF POSITION, FORM, AND 
ORIENTATION 


Displacement of Kidneys 


The development of the definitive metanephros 
may occur in ectopic foci, usually at abnormally low 
levels. These kidneys lie either just above the pelvic 
brim or sometimes within the pelvis. They are usually 
normal or slightly smaller in size, but otherwise are not 
remarkable. Because of their abnormal position, kinking 
or tortuosity of the ureters may cause some obstruction 
to urinary flow, which predisposes to bacterial infec- 
tions. This anomaly may produce a palpable pelvic mass, 
which has at times been confused with a pelvic tumor. 


Horseshoe Kidney 


Fusion of the upper or lower poles of the kidneys 
produces a _ horseshoe-shaped structure continuous 
across the midline anterior to the great vessels. This 
anomaly is quite common and is found in about one in 
500 to 1000 autopsies. The majority of such kidneys are 
fused at the lower pole, although approximately 10% 
are fused at the upper pole. In those that have a bridge 


at the lower pole, the ureters usually pass anterior to 
the renal parenchyma. These malformed kidneys are 
capable of normal function and are not more predisposed 
to renal disease than the normal. Renal calculi are said 
to be slightly more common, perhaps owing to angula- 
tion of the ureters with stasis of urinary flow through 
the ureters. 


Miscellaneous Anomalies 


There is a heterogeneous group of developmental 
anomalies that affect the kidney, most of which are of 
no clinical significance. A double or an extrarenal pelvis 
may occur with otherwise normal kidneys. These are of 
interest only insofar as they may produce modifications 
in the patterns of the pyelogram. Anomalous renal 
arteries may arise either directly from the aorta or as 
branches from the renal artery. Sometimes such vessels 
are of benefit, since they maintain the blood supply to 
a portion of the kidney if the main renal artery is 
occluded. However, some of these anomalous vessels to 
the lower pole may cause ureteral obstruction when 
they cross anterior to the ureter and compress it. 


ANOMALIES OF DIFFERENTIATION—RENAL 
CYSTS 


Although not all cysts of the kidney are congenital, 
all types of cysts are discussed here for convenience. 

Cystic diseases of the kidney are a heterogeneous 
group comprising hereditary, developmental but non- 
hereditary, and acquired disorders. As a group, they 
are important for several reasons: (1) they are reasonably 
common and often represent diagnostic problems for 
clinicians, radiologists, and pathologists; (2) some forms, 
such as adult polycystic disease, are major causes of 
chronic renal failure; (3) they can occasionally be con- 
fused with malignant tumors. A useful classification of 
renal cysts, modified from that given by Bernstein,”° is 
as follows: 


1. Cystic renal dysplasia 

2. Polycystic kidney disease 
a. Adult polycystic disease 
b. Childhood polycystic disease 

3. Medullary cystic disease 

a. Medullary sponge kidney 

b. Nephronophthisis-uremic medullary cystic dis- 
ease (UMCD) complex 

Acquired (dialysis-associated) cystic disease 

Simple renal cysts 

Miscellaneous parenchymal renal cysts 

a. Associated with infection (tuberculous, echinococ- 
cal cyst) 

b. Associated with tumor (cystic degeneration of 
carcinoma) 

c. Traumatic intrarenal hematoma 

7. Perihilar renal cysts (pyelocalyceal cysts, hilar lym- 
phangitic cysts) 
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Only the more important types of cystic disease 
will be discussed. 

Many theories have been suggested to explain the 
genesis of polycystic kidneys. Current studies, largely 
based on spontaneous and drug-induced cystic disease 
in animals, favor two mechanisms: (1) partial intratubular 
obstruction, causing dilatation proximal to obstructed 
sites;?! and (2) a defect of the tubular basement mem- 
branes, causing loss of compliance of the tubular wall.” 
These mechanisms are not mutually exclusive, and both 
could indeed result from a primary defect in tubular 
cell metabolism. 


Congenital Anomalies 


Cystic Renal Dysplasia 


This disorder is due to an abnormality in differen- 
tiation characterized histologically by the persistence in 
the kidney of abnormal structures—cartilage, undiffer- 
entiated mesenchyme, and immature collecting ductules. 
These structures presumably represent abnormal ne- 
phron development, and their presence is necessary to 
confirm a diagnosis of renal dysplasia. Renal dysplasia 
occurs as a sporadic disorder, without familial clustering. 


Dysplasia can be unilateral or bilateral and is almost 
always cystic. Grossly, the kidney is enlarged, extremely 
irregular, and multicystic. The cysts vary in size from small 
microscopic structures to some that are several centimeters 
in diameter. They are lined by flattened epithelium. Histolog- 
ically, although normal nephrons. are present, many have 
immature ducts. The pathognomonic feature is the pres- 
ence of islands of undifferentiated mesenchyma or car- 
tilage (Fig. 21-5). 


Figure 21-5. Renal dysplasia. Note disorganized architecture, di- 
lated tubules, and islands of immature cartilage (arrow). 
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Renal dysplasia is frequently associated with ob- 
structive abnormalities of the ureter and lower urinary 
tract, and indeed most authors hold that the dysplasia 
is caused by intrauterine ureteral obstruction. When 
unilateral, the dysplasia is discovered by the appearance 
of a flank mass that leads to surgical exploration and 
nephrectomy. Function in the opposite kidney is normal 
and such patients have an excellent prognosis after 
surgical removal of the affected kidney. In bilateral 
renal dysplasia, renal failure may ultimately result. 


THE KIDNEY 


Polycystic Kidney Disease 


This designation should be limited to kidneys so 
completely cystic that the intrarenal parenchyma ap- 
pears virtually obliterated. The disease occurs in two 
forms, adult and childhood. These are completely sep- 
arate disorders, with variable patterns of inheritance 
and distinct clinical and morphologic features. 

ADULT Po_ycystic DISEASE.**: ** Adult polycystic 
kidney disease is a relatively common condition affecting 
roughly one of every 500 persons and accounting for 6 
to 12%'° of patients requiring renal transplantation or 
chronic dialysis. The pattern of inheritance is autosomal 
dominant, with very high penetrance, approaching 
100% in those surviving through their 70s or 80s. The 
disease is universally bilateral; unilateral cases reported 
probably represent multicystic dysplasia. The cysts ini- 
tially involve only portions of the nephrons, so that 
renal function is retained until about the third or fourth 
decade of life. In some patients, however, the first 
symptoms may appear in early childhood, in the teens, 
or as late as 70 or 80 years of age. In time, most patients 
develop hypertension or progress to chronic renal fail- 
ure.” 


Grossly, the kidneys are bilaterally enlarged and may 
achieve enormous sizes, weights up to 4 kg for each kidney 
having been reported. The external surface appears to be 
composed solely of a mass of cysts, up to 3 to 4 cm in 
diameter, with no intervening parenchyma (Fig. 21—6). How- 
ever, microscopic examination reveals functioning nephrons 
dispersed between the cysts. The cysts may be filled with a 
clear serous fluid or, more usually, with turbid, red-to-brown, 
sometimes hemorrhagic fluid. As these cysts enlarge, they 
may encroach upon the calyces and pelvis to produce 
pressure defects. The cysts arise from the tubules through- 
out the nephron and therefore have variable lining epithelia. 
Occasionally, Bowman’s capsules are involved in cyst for- 
mation, and glomerular tufts may be seen within the cystic 
space. Since the pressure of the expanding cysts leads to 
ischemia of the intervening renal substance, progressive 
atrophy narrows functional reserve. Superimposed bacterial 
infection and vascular disease due to concomitant hyperten- 
sion are common, and these further encroach upon the 
already precarious renal reserve. 

There is considerable evidence that tubules involved in 
the cystic change contribute to the final urine composition 
during the course of polycystic disease. Thus, both inulin 
and PAH can be recovered from the cyst fluids, suggesting 
both filtration and secretion. Further, there is evidence that 
the composition of cyst fluid within individual cysts reflects 


Figure 21-6. Adult polycystic kidney. Note its length of over 20 cm. 


the type of epithelium lining these cysts—proximal or distal, 
indicating that the cyst epithelium has functional capacity. 


Clinically, many of these patients remain entirely 
asymptomatic until indications of renal insufficiency 
announce the presence of the underlying kidney disease. 
In others, hemorrhage or progressive dilation of cysts 
may produce pain. Excretion of blood clots may cause 
renal colic. The larger masses usually apparent on 
abdominal palpation may induce a dragging sensation. 
Occasionally, the disease begins with the insidious onset 
of hematuria, followed by other features of progressive 
chronic renal disease such as proteinuria (rarely more 
than 2 gm per day), polyuria, and hypertension. Patients 
with polycystic kidney disease also tend to have other 
congenital anomalies: one-third have one to several cysts 
in the liver (polycystic liver disease) that are almost 
always asymptomatic. Cysts occur much less frequently 
in the spleen, pancreas, and lungs. Intracranial berry 
aneurysms in the circle of Willis are present in about 
one-sixth of patients, and subarachnoid hemorrhages 
from these account for death in about 10% of patients. 
The clinical diagnosis is aided by intravenous or retro- 
grade pyelography, which shows the elongated stretched 
pelves and calyces; ultrasonography and radioisotopic 
scanning can also demonstrate cysts in the kidneys and 
liver. This form of chronic renal failure is quite remark- 
able in that patients may survive for many years with 
azotemia slowly progressing to uremia. Ultimately, 
about one-third of adult patients die with renal failure; 
in another third, hypertension is responsible for death 
(cardiac disease, berry aneurysm); the remaining third 
die of unrelated causes. 

CHILDHOOD Po_tycystic DISEASE. This rare devel- 
opmental anomaly is genetically distinct from adult 


polycystic kidney disease, having an autosomal recessive 
type of inheritance.” Perinatal, neonatal, infantile, and 
juvenile subcategories have been defined, dependent 
on time of appearance and presence of associated hepatic 
lesions. The first two are most common; serious mani- 
festations are usually present at birth, and the young 
infant may succumb rapidly to renal failure. 


Kidneys are enlarged and have a smooth external 
appearance. On cut section, numerous small cysts in the 
cortex and medulla give the kidney a spongelike appearance. 
With the hand lens, it is possible to visualize dilated elon- 
gated channels at right angles to the cortical surface, com- 
pletely replacing the medulla and cortex. Microscopically, 
there is saccular or, more commonly, cylindrical dilatation of 
all collecting tubules, together with some hypoplasia of such 
tubules. The cysts have a uniform lining of cuboidal cells, 
reflecting their origin from the collecting tubules. The disease 
is invariably bilateral. In almost all cases, there are mul- 
tiple epithelial-lined cysts in the liver as well as prolif- 
eration of portal bile ducts. 


The few patients with childhood polycystic kidney 
disease who survive infancy (infantile and juvenile form) 
develop a peculiar type of hepatic fibrosis characterized 
by bland periportal fibrosis and proliferation of well- 
differentiated biliary ductules, a condition now termed 
congenital hepatic fibrosis. In the juvenile form, the 
hepatic picture in fact predominates. Such patients may 
develop portal hypertension with splenomegaly. Curi- 
ously, congenital hepatic fibrosis sometimes occurs in 
the absence of childhood polycystic kidney and has been 
reported occasionally in the presence of adult polycystic 
kidney disease. 


Cystic Diseases of Renal Medulla 


Although the names used for the two major types 
of medullary cystic disease are confusing, it is important 
to differentiate between the two types since one, med- 
ullary sponge kidney, is a relatively common and usually 
innocuous structural change, whereas the other, neph- 
ronophthisis—uremic medullary cystic disease complex, 
is almost always associated with renal dysfunction, and 
is a relatively common cause of chronic renal failure in 
children. 

MEDULLARY SPONGE KIDNEY. The term medullary 
sponge kidney should be restricted to lesions consisting 
of multiple cystic dilatations of the collecting ducts in 
the medulla. The condition occurs in adults and is 
usually discovered radiographically, either as an inci- 
dental finding or sometimes in relation to secondary 
complications. The latter include calcifications within 
the dilated ducts, infection, and urinary calculi. Renal 
function is usually normal. Grossly, the papillary ducts 
in the medulla are dilated and small cysts may be 
present. The cysts are lined by cuboidal epithelium or 
occasionally by transitional epithelium. Unless there is 
superimposed pyelonephritis, cortical scarring is absent. 
The pathogenesis of medullary sponge kidney is un- 
known. 
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NEPHRONOPHTHISIS-UREMIC MEDULLARY CysTIC 
DisEASE (UMCD) CompLex. This is a group of progres- 
sive renal disorders that usually have their onset in 
childhood. The common characteristic is the presence 
of a variable number of cysts in the medulla associated 
with significant cortical tubular atrophy and interstitial 
fibrosis.* Although the presence of medullary cysts is 
important, the cortical tubulointerstitial damage is the 
cause of the eventual renal insufficiency. Four variants 
are recognized: (1) sporadic, nonfamilial (20%); (2) fa- 
milial juvenile nephronophthisis (50%) inherited as a 
recessive disease; (3) renal-retinal dysplasia (15%), re- 
cessively inherited and associated with retinitis pigmen- 
tosa; and (4) adult-onset medullary cystic disease, dom- 
inantly inherited (15%). As a group this complex. 
accounts for about 25% of cases of chronic renal failure 
in children and adolescents. 

Affected children present first with polyuria and 
polydipsia, which reflect a marked tubular defect in 
concentrating ability. Sodium wasting and tubular aci- 
dosis are also prominent, findings consistent with initial 
injury to the distal tubules and collecting ducts. The 
expected course is progression to terminal renal failure 
over a period of five to ten years. 


Congenital Anomalies 


Grossly, the kidneys are small, have contracted granular 
surfaces, and show cysts in the medulla, most prominently 
at the corticomedullary junction (Fig. 21—7). Small cysts are 
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Figure 21—7. Uremic medullary cystic disease. Cut section of kidney 
showing cysts at corticomedullary junction and medulla. 
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also seen in the cortices. The cysts are lined by flattened or 
cuboidal epithelium and are usually surrounded by either 
inflammatory cells or fibrous tissue. In the cortex there is 
widespread atrophy and thickening of the basement mem- 
branes of proximal and distal tubules together with interstitial 
fibrosis. Some glomeruli may be hyalinized but, in general, 
glomerular structure is preserved. 


There are few specific clues to diagnosis, since the 
medullary cysts may be too small to be visualized 
radiographically. The disease should be strongly consid- 
ered in children or adolescents with otherwise unex- 
plained chronic renal failure, a positive family history, 
and chronic tubulointerstitial nephritis on biopsy. 


Acquired (Dialysis-Associated) Cystic Disease 


The kidneys from patients with end-stage renal 
disease who have undergone prolonged dialysis some- 
times exhibit numerous cortical and medullary cysts.” 
The cysts measure 0.5 to 2 cm in diameter, contain 
clear fluid, are lined by flattened tubular epithelium, 
and often contain calcium oxalate crystals. They proba- 
bly form as a result of obstruction of tubules by inter- 
stitial fibrosis or by oxalate crystals. Tumors, usually of 
the renal adenoma type (p. 1053), may be present in 
the walls of these cysts, and occasionally the cysts bleed, 
causing hematuria.”’ 


Simple Cysts 


These occur as multiple or single cystic spaces that 
vary in diameter over wide limits. Commonly, they are 
1 to 5 cm in size; translucent; lined by a gray, glistening, 
smooth membrane; and filled with clear fluid. Micro- 
scopically, these membranes are composed of a single 
layer of cuboidal or flattened cuboidal epithelium, 
which, in many instances, may be completely atrophic. 
These cells rest on an outer enclosing thin fibrous 
capsule. These cysts are usually confined to the cortex, 
but may sometimes occur in the medullary portion of 
the kidney, where they must be differentiated from 
hvdronephrotic dilatation of the collecting system. It is 
apparent that, in the latter disease, connections with 
the pelvis and ureter can be demonstrated, whereas in 
the true cysts no such connection exists. Rarely, large 
massive cysts up to 10 cm in diameter are encountered. 

Simple cysts are common postmortem findings 
without clinical significance. On occasion, hemorrhage 
into them may cause sudden distention and pain, and 
calcification of the hemorrhage may give rise to bizarre 
radiographic shadows. The main importance of cysts lies 
in their differentiation from kidney tumors, when they 
are discovered either incidentally or because of hem- 
orrhage and pain during life. Radiologic studies show 
that, in contrast to renal tumors (p. 1054), renal cysts 
have smooth contours, are almost always avascular, and 
give fluid rather than solid signals on ultrasound. 


GLOMERULAR DISEASES 


Glomerular diseases constitute some of the major 
problems encountered in nephrology; indeed, chronic 
glomerulonephritis is the most common cause of chronic 
renal failure in man. The glomerulus plays a central role 
in renal anatomy and physiology. All else pivots on its 
structure and function, and damage to glomeruli will 
often impair other segments of the nephron. Thus, in 
most forms of glomerular disease, particularly in ad- 
vanced stages, there is structural and functional damage 
to the other three major components of the kidney, i.e., 
the tubules, interstitium, and blood vessels. 

Glomeruli may be injured by a variety of factors 
and in the course of a number of systemic diseases. 
Immunologic diseases such as systemic lupus erythe- 
matosus (SLE), vascular disorders such as hypertension 
and polyarteritis nodosa, metabolic diseases such as 
diabetes mellitus, and some purely hereditary condi- 
tions such as Fabry’s disease often affect the glomerulus. 
These are termed secondary glomerular diseases to 
differentiate them from those in which the kidney is the 
only or predominant organ involved. The latter consti- 
tute the various types of primary glomerulonephritis 
(GN) or glomerulopathy. Here we shall discuss the 
various types of primary GN, and only briefly review 
the glomerular alterations in systemic diseases, which 
are covered in other parts of this book. 

There are several types of glomerulonephritis, but 
no entirely satisfactory classification is available. Table 
21-1 lists the most common forms that have reasonably 
well-defined morphologic and clinical characteristics. In 
reviewing the specific types of GN, it is useful to 
consider each in terms of (1) clinical presentation, (2) 
the morphology of the glomerular lesion, and (3) the 
etiology and pathogenesis. The response of the glomer- 
ulus in all forms of injury is remarkably limited histo- 
logically and clinically, and only a small number of 


Table 21-1. GLOMERULAR DISEASES 


Primary Glomerulonephritis 
Acute diffuse proliferative glomerulonephritis (GN) 
Poststreptococcal 
Nonpoststreptococcal 
Rapidly progressive (crescentic) glomerulonephritis 
Membranous glomerulonephritis 
Lipoid nephrosis (minimal change disease) 
Focal segmental glomerulosclerosis 
Membranoproliferative glomerulonephritis 
Focal proliferative glomerulonephritis 
IgA nephropathy 
Chronic glomerulonephritis 
Systemic Diseases 
Systemic lupus erythematosus 
Diabetes mellitus 
Amyloidosis 
Goodpasture’s syndrome 
Polyarteritis nodosa 
Wegener's granulomatosis 
Henoch-Schénlein purpura 
Bacterial endocarditis 
Heredi.ary Disorders 
Alport’s syndrome, Fabry’s disease 


pathogenetic mechanisms are known. These will be 
summarized briefly before the specific types of GN are 
discussed. 


CLINICAL MANIFESTATIONS 


The clinical manifestations of glomerular disease 
are clustered into the five major glomerular syndromes 
described in Table 21-2. Both the primary glomerulo- 
nephritides and systemic diseases affecting the glo- 
merulus can result in these syndromes. Thus, a critical 
point in the clinical differential diagnosis is first to 
exclude the major systemic disorders, of which the major 
four are diabetes mellitus, SLE, vasculitis, and amyloi- 
dosis. 


HISTOLOGIC ALTERATIONS 


Various types of GN are characterized by one or 
more of four basic tissue reactions: 

CELLULAR PROLIFERATION. This is reflected by an 
increase in the number of cells in the glomerular tuft 
due to proliferation of endothelial, mesangial, and epi- 
thelial cells. In certain diseases, there is also prolifera- 
tion of the parietal epithelial cells that takes the form of 
a crescent, a histologic feature characteristic of diseases 
presenting clinically with rapidly progressive GN. 
~~  LEUKOCYTIC INFILTRATION. Neutrophils and mono- 
cytes infiltrate the glomerulus in some types of acute 
GN, and this is often accompanied by cellular prolifer- 
ation. 

GLOMERULAR BASEMENT MEMBRANE (GBM) 
THICKENING. By light microscopy, this change appears 
as thickening of the capillary walls best seen in sections 
stained with PAS. On electron microscopy such thick- 
ening can be resolved as either (1) thickening of the 
basement membrane proper, as occurs in diabetic glo- 
merulosclerosis; or, more commonly, (2) deposition of 
amorphous electron-dense material representing plasma 
proteins, either on the endothelial or epithelial side of 
the basement membrane, or within the GBM itself. By 
far the most common type of thickening is due to 
extensive subepithelial deposition, as occurs in membra- 
nous GN. In most instances the deposits are thought to 
be immune complexes, although fibrin may also show 
as an electron-dense material. 

HYALINIZATION AND SCLEROSIS. Hyalinization or 
hyalinosis, as applied to the glomerulus, denotes the 
accumulation of material that is homogeneous and eo- 


Table 21-2. THE GLOMERULAR SYNDROMES 


Acute nephritic syndrome 

Rapidly progressive glomerulonephritis 
Nephrotic syndrome 

Chronic glomerulonephritis (chronic renal failure) 
Asymptomatic hematuria and/or proteinuria 


A. Primary GN B. Part of systemic disease 
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sinophilic by light microscopy. By electron microscopy 
the material is heterogeneous and consists of amorphous 
substance (probably precipitated plasma protein) as well 
as increased amounts of basement membrane or mes- 
angial matrix. This change results in obliteration of 
structural detail of the glomerular tuft (sclerosis) and 
usually denotes irreversible injury as the end result of 
various forms of glomerular damage. 

Additional alterations include fibrin deposition, in- 
traglomerular thrombosis, or deposition of abnormal 
materials (amyloid, “dense deposits,” lipid). Because 
many of the primary glomerulonephritides are of un- 
known etiology, they are often classified by their histol- 
ogy, as can be seen in Table 21-1. The histologic 
changes can be further subdivided into diffuse, involving 
all glomeruli and the entire glomerulus; focal, involving 
only a certain proportion of the glomeruli; segmental, 
affecting a part of each glomerulus; or mesangial, aftect- 
ing predominantly the mesangial region. These terms 
are sometimes appended to the histologic classifications. 


Glomerular Diseases 


PATHOGENESIS OF GLOMERULAR INJURY 


Although much has yet to be learned, there has 
been considerable progress in our understanding of the 
pathogenesis of glomerular injury. It is best, for this 
discussion, to distinguish between (1) the primary im- 
mune and nonimmune mechanisms initiating glomerular 
injury and (2) the secondary mediators of glomerular 
damage. Regrettably, few of the etiologic agents trig- 
gering these events are known, and these will be noted 
in the discussion of the specific diseases. 

Table 21-3 lists the various proved or postulated 
mechanisms of glomerular injury. 

Immune mechanisms clearly underlie the majority 
of primary glomerulonephritides and many of the sec- 
ondary glomerular involvements.“ Experimentally, 
GN can be readily induced by classical antigen-antibody 
reactions, and glomerular deposits of immunoglobulins, 
often with various components of complement, are 


Table 21-3. MECHANISMS OF GLOMERULAR INJURY 


I. Immune Mechanisms 
A. Antibody-mediated 
1. In situ immune complex formation 
a. Insoluble fixed (intrinsic) antigens 
Anti-GBM nephritis (linear deposits) 
Others (Heymann antigen; rabbit spontaneous 
nephritis antigen; ? human membranous GN 
[interrupted granular deposits]) 
a. Planted antigens 
Endogenous (DNA, immunoglobulins, complexes) 
Exogenous (lectins, infectious products, drugs) 
2. Circulating immune complex deposition 
a. Endogenous antigens (e.g., DNA, thyroglobulin tumor 
antigens) 
b. Exogenous antigens (infectious products) 
B. ? Cell-mediated 
C. Activation of alternate complement pathway 
ll. Loss of Glomerular Polyanion 
lll. Hemodynamic Changes (Hyperfiltration) 
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found in over 70% of human GN. Thus, antibody- 
mediated mechanisms of damage predominate, and 
these have received the greatest attention. 

Two basic forms of such antibody-associated injury 
have been established by experimental work: (1) injury 
by antibodies reacting in situ within the glomerulus, 
either with insoluble fixed (intrinsic) glomerular antigens 
or with circulating antigens planted within the glomer- 
ulus; and (2) injury resulting from deposition of soluble 
circulating antigen-antibody complexes in the glomer- 
ulus. These pathways are not mutually exclusive, and 
in man both seem to play a role. 
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In Situ Immune Complex Formation 


As noted, antibodies in this form of injury react 
directly with fixed or planted antigens in the glomerulus. 
The most well-established model for such type of mech- 
anism is so called “classic” anti-glomerular basement 
membrane (anti-GBM) nephritis. 

ANTI-GLOMERULAR BASEMENT MEMBRANE (ANTI- 
GBM) Nepuritis. This term is now restricted to the 
type of injury in which antibodies are directed against 
fixed antigens in the glomerular basement membrane, 
which induce a linear pattern of localization by immu- 
nofluorescence microscopy. Although relatively rare, 
this entity provided one of the first insights into immune 
mechanisms in nephritis. In 1934, Masugi showed that 
a GN similar to the human disease could be produced 
in rats by injections of anti-rat kidney antibodies pre- 
pared by immunizing rabbits with rat kidney tissue. 
This experimental disease is known as nephrotoxic or 
Masugi nephritis. The circulating antibodies bind along 
the entire length of the GBM, resulting in a homoge- 
neous, diffuse linear pattern as visualized by immuno- 
fluorescent techniques (Fig. 21-8). This is contrasted 
with the granular lumpy pattern seen in other in situ 
models or after deposition of circulating immune com- 
plexes (Fig. 21-9). To come back to Masugi’s model, it 
should be noted that the deposited immunoglobulin of 
the rabbit is foreign to the host and thus acts as an 
antigen eliciting antibodies in the rat. This rat antibody 
then reacts with the rabbit immunoglobulin within the 
basement membrane, leading to further glomerular 
injury. This is referred to as the autologous phase of 
nephrotoxic nephritis, to distinguish it from the initial 
heterologous phase caused by the anti-GBM antibody. 
The fluorescence in both instances is linear. Anti-GBM 
nephritis can also be induced by direct immunization of 
experimental animals with homologous or heterologous 
basement membrane preparations in Freund’s adjuvant. 
The biochemical nature of the nephritogenic, so-called 
“classic” GBM antigen is not yet known, but it is thought 
to be a glycoprotein distinct from any of the GBM 
components such as collagen or laminin (p. 993).?° 

Anti-GBM nephritis accounts for less than 5% of 
human GN. It is well established as the cause of injury 
in Goodpasture’s syndrome (p. 1010). Most instances of 
anti-GBM nephritis are characterized by very severe 
glomerular damage, with the development of rapidly 
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Figure 21-8. Linear fluorescence along GBM typical of classic anti- 
GBM disease. Compare with Figure 21-9. 


progressive renal failure. It must be apparent, then, 
that anti-GBM disease is a form of autoimmune GN, 
and the question arises: why do such patients develop 
antibodies to their own basement membranes? Any one 
of the mechanisms postulated for other autoimmune 
diseases has been implicated (p. 178), but the precise 
answer is unknown. 


Figure 21-9. Immune complex glomerulonephritis showing granular 
immunofluorescent deposits along GBM. Compare with linear fluo- 
rescence in Figure 21-8. 


ANTIBODIES AGAINST OTHER FIXED ANTIGENS. Al- 
though classic anti-GBM disease is the one established 
form of immune injury to intrinsic antigen, two other 
fixed antigens have been identified experimentally that 
initiate in situ immune deposition. Both are distributed 
in a discontinuous pattern along the visceral epithelial 
cell foot processes; thus, the resultant pattern of immune 
deposition in the glomerulus is granular and inter- 
rupted, rather than diffuse linear (Fig. 21—9).°° One of 
these is the so-called Heymann antigen. The Heymann 
model of rat GN is induced by immunizing animals with 
preparations of proximal tubular brush border in 
Freund’s adjuvant. The rats develop antibodies to brush 
border antigens, and a membranous GN (p. 1012), 
closely resembling human membranous GN, develops. 
This is characterized on immunofluorescence by the 
deposition of immunoglobulins and complement in a 
granular (rather than linear) pattern along the GBM, 
and on electron microscopy by the presence of numer- 
ous electron-dense deposits (presumably immune reac- 
tants) along the subepithelial aspect of the basement 
membrane. Although it was once thought to be due to 
trapping of circulating immune complexes, it is now 
clear that the GN results from the reaction of anti-— 
brush border antibody with a fixed but discontinuously 
distributed glomerular antigen present on the base of 
visceral epithelial cells, and cross-reactive with brush 
border antigen.*! The Heymann antigen has since been 
isolated and largely purified.” A second nonlinear fixed 
antigen is responsible for a spontaneous form of GN in 
rabbits.”? Unfortunately, despite the resemblance of 
these models to human membranous GN, there is no 
evidence as yet that the human disease is indeed caused 
by antibodies to some fixed glomerular antigen. 

ANTIBODIES AGAINST PLANTED ANTIGENS. More 
attractive is the possibility that antibodies react in situ 
with previously “planted” nonglomerular antigens. Such 
antigens may localize in the kidney by interacting with 
various intrinsic components of the glomerulus. There 
is increasing experimental support for such a mecha- 
nism.” Injections of cationic proteins, which bind to 
anionic sites in the GBM (p. 993), followed by passively 
administered or actively induced antibody, result in 
immune complex GN, before or in the absence of 
circulating immune complexes.* ** Other planted anti- 
gens include lectins, which bind to capillary wall gly- 
coprotein; DNA, which has an affinity for basement 
membrane components; bacterial products, such as en- 
dostreptosin, a protein of Group A streptococci (p. 1018); 
and large aggregated proteins (e.g., aggregated IgG), 
which deposit in the mesangium because of their size.”° 
There is no dearth of other possible planted antigens, 
including viral, bacterial, and parasitic products and 
drugs. Finally, immunoglobulins, complement compo- 
nents, and immune complexes themselves may poten- 
tially serve as planted antigens, since they continue to 
have reactive sites for further interactions with free 
antibody, free antigen, or complement.” Most of these 
planted antigens induce a granular or heterogeneous 
pattern of immunoglobulin deposition by fluorescence 
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microscopy, the pattern found also in circulating im- 
mune complex nephritis (see below). 
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Circulating Immune Complex Nephritis 


Here the glomerular injury is caused by the trap- 
ping of circulating antigen-antibody complexes within 
glomeruli. The antigens are nonglomerular and thus the 
glomerulus is, in a sense, an innocent victim of its own 
filtration functions. The antibodies have no immunologic 
specificity for glomerular constituents, and the com- 
plexes localize within the glomeruli because of their 
physicochemical properties and the hemodynamic fac- 
tors peculiar to the glomerulus. The immune complexes 
can be visualized by electron microscopy or by immu- 
nofluorescent techniques as granular deposits along the 
GBM. 

The evocative antigens are of two origins: (1) ex- 
ogenous, as occurs in human serum sickness nephritis 
and experimental foreign protein nephritis; and (2) 
endogenous, as in SLE, in which circulating DNA—anti- 
DNA complexes induce injury. 

Serum sickness nephritis is the prototype of circu- 
lating immune complex disease. You will recall (p. 168) 
that injections of a large dose of a foreign protein, e.g., 
bovine serum albumin (BSA) in a rabbit, results in the 
formation of antigen-antibody complexes that deposit in 
the glomeruli, heart, joints, and blood vessels.* These 
complexes can be localized in the glomerulus by im- 
munofluorescent microscopy as discrete granular 
(umpy-bumpy) particles (Fig. 21-9) and with electron 
microscopy as electron-dense deposits on the suben- 
dothelial or subepithelial side of the GBM and within 
the mesangium. Serum complement activity is de- 
creased and complement can be seen in the deposits. 
The amount of antibody formed in response to the 
antigen is critical to the development of nephritis.* 
Animals producing large amounts of antibody develop 
transient nephritis, since the large insoluble antigen- 
antibody aggregates formed in these animals are cleared 
by the reticuloendothelial system, and the glomerular 
injury is fleeting. At the other end of the spectrum are 
those animals with no immune response and which do 
not develop GN. Only in animals with a sufficiently 
weak antibody response, so that the ratio of antibody to 
antigen approaches equivalence or slight antigen excess, 
does significant GN develop. Well-studied examples of 
exogenous circulating immune complex nephritis in 
humans are the glomerular lesions of bacterial endocar- 
ditis, leprosy, syphilis, hepatitis B antigenemia, and 
malaria.”> Endogenous antigens include DNA, thyrog- 
lobulin, and tumor-specific or tumor-associated anti- 
gens. 

Factors affecting glomerular localization of antigen, 
antibody, or complexes deserve some discussion. The 
molecular charge and size of these reactants are clearly 
important. Highly cationic immunogens tend to cross 
the GBM, and the resultant complexes eventually 
achieve a subepithelial location.** Highly anionic mac- 
romolecules are excluded from the GBM and either are 
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trapped subendothelially or may, in fact, not be ne- 
phritogenic at all. Molecules with more neutral charge 
and their complexes tend to accumulate in the mesan- 
gium. Very large circulating complexes are not usually 
nephritogenic since they are cleared by the reticuloen- 
dothelial system and do not enter the GBM in sufficient 
quantities. The pattern of localization is also affected by 
changes in glomerular hemodynamics, mesangial func- 
tion, and integrity of the charge-selective barrier in 
the glomerulus. These influences, as well as possible 
affinities of immune reactant to intrinsic glomerular 
components, underlie the variable pattern of immune 
reactant deposition and histologic change in the glom- 
erulus.*° 

It has been argued that trapping of circulating 
immune complexes rarely or never causes glomerular 
injury;®” in humans there is little correlation between 
the presence or level of serum complexes and the 
severity of GN, and experimental injections of pre- 
formed complexes rarely produce renal lesions or pro- 
teinuria. In this view antibody-mediated nephritogen- 
icity is ascribed solely to in situ complex formation. 
However, this seems to be too extreme a view at our 
current state of knowledge, since the in situ mechanism 
in man has actually been proved only for the rare form 
of classical anti-GBM (linear) disease. Further, immune 
complex trapping can either initiate or be superimposed 
on in situ formation, as discussed earlier.” It is best to 
consider, then, that antigen-antibody deposition in the 
glomerulus is a major pathway of glomerular injury; 
and that in situ mechanisms, trapping of circulating 
immune complexes, interactions between these two 
events, and local hemodynamic and structural deter- 
minants in the glomerulus all contribute to the morpho- 
logic and functional expression of GN. 


THE KIDNEY 


Cell-mediated Immunity in Glomerulonephritis 


There is no definite evidence that sensitized T- 
cells, as a reflection of cell-mediated immune reaction, 
can lead to glomerular injury.*® The idea is an attractive 
one, since it may account for the many instances of 
progressive GN in which there are either no immune 
deposits, or the deposits do not correlate with the 
severity of damage. Clues to its occurrence in GN 
include the presence of macrophages in some forms of 
human and experimental GN, in vitro evidence of 
lymphocyte reactivity upon exposure to altered glomer- 
ular basement membrane antigen in progressive human 
GN, and a few successful attempts to transfer mild 
glomerular histological alterations by lymphocytes in 
experimental GN.* °° Proteinuria and significant glo- 
merular damage, however, have not been transferred 
with lymphocytes and the issue is still unsettled. 


Activation of Alternate Complement Pathway 


Alternate complement pathway activation clearly 
occurs in the clinicopathologic entity called membrano- 
proliferative glomerulonephritis (MPGN) (p. 1016), 
sometimes independent of immune complex deposition, 


and also in some forms of proliferative GN. There is no 
a priori reason why such activation, if it occurred in the 
glomerulus, would not result in the same sequence of 
glomerular damage as activation by antigen-antibody 
reactions. However, it has not yet been possible to 
induce GN in experimental animals by this pathway. 
The issue is discussed further on page 1016. 


Mediators of Immunologic Glomerular Injury 


Once immune feactants have localized in the glo- 
merulus, how does glomerular damage ensue? One well- 
established pathway is the complement-neutrophil- 
mediated mechanism. Activation of complement initiates 
the generation of chemotactic agents (mainly C5a) and 
the recruitment of neutrophils. The latter release pro- 
teases and other enzymes, which cause GBM degrada- 
tions, as well as oxygen-derived free radicals, which 
cause cell damage (p. 10). Indeed, in some experimental 
models, depletion of neutrophils or complement inhibits 
both the proteinuria and the histologic change.** How- 
ever, this mechanism applies only to some types of GN, 
since many types show few neutrophils in the damaged 
glomeruli. Some experimental models suggest comple- 
ment- but not neutrophil-dependent injury, possibly 
owing to an effect of the C5-C9 lytic component (mem- 
brane-attack complex) of complement.* *! Finally, in- 
jury may also occur in the absence of both complement 
and neutrophils. 

Monocytes/macrophages infiltrate the glomerulus 
in many forms of human and experimental proliferative 
GN.*: ® Depletion of monocytes by irradiation or anti- 
macrophage serum prevents the proteinuria and histo- 
logic alterations in experimental nephritis. Activated 
macrophages release a vast number of biologically active 
molecules (Table 2-3, p. 58), and it is likely that some 
of these participate in the evolution of GN. 

The coagulation system may also be a mediator of 
glomerular damage.* Fibrin and fibrin degradation 
products are frequently present in the glomeruli in GN, 
and fibrinogen may leak into Bowman’s space, serving 
as a stimulus to cell proliferation. Pretreatment of 
animals with anticoagulants or defibrinating agents pro- 
tects from the development of proliferative glomerular 
lesions in some experimental models of GN and this has 
led to the use of anticoagulant therapy in human GN. 
The beneficial effect, however, is by no means uniform 
either in experimental animals or in man. Nevertheless, 
on balance the evidence does indicate that intraglomer- 
ular coagulation plays a role in progressive renal damage 
in GN. 

Many of the other mediator systems reviewed for 
acute or chronic inflammation have also been invoked 
in the mediation of glomerular injury; for example, 
arachidonic acid metabolites, oxygen-derived free rad- 
icals, and platelet activating factor.* 


Other Mechanisms of Glomerular Injury 


Two other important mechanisms of glomerular 
damage have recently gained attention. Both were in- 


voked to explain specific clinical or experimental obser- 
vations, but may have general implications for many 
glomerular diseases. 

Loss OF GLOMERULAR POLYANION. You will recall 
(p. 993) that the glomerulus is rich in polyanionic sites 
(proteoglycans, sialoglycoproteins) that confer on the 
glomerular filter a charge-selective barrier, facilitating 
filtration of cationic proteins and restricting anionic 
molecules. Loss of such anionic sites results in loss of 
charge selectivity and leakage of anionic molecules such 
as albumin. Experimentally, infusion of polycationic 
molecules such as protamine sulfate, which neutralize 
anionic sites, leads to reversible albuminuria* and to 
structural changes in the visceral epithelium.*” These 
changes are similar to those occurring in a common 
glomerular disease of obscure etiology called lipoid 
nephrosis, and there is now evidence of loss of charge 
selectivity in this condition.® Loss of anionic sites from 
the GBM may also lead eventually to defects in the 
size-selective barrier, resulting in leakage of larger 
proteins. ** What brings about the loss of anionic sites is 
unknown, but the phenomenon seems also to occur in 
other glomerular disorders such as diabetic nephropathy 
and congenital nephrosis.° 

‘“HYPERFILTRATION” AND PROGRESSIVE GLOMERU- 
LAR INuuRY. It has been amply documented that once 
any renal disease, glomerular or otherwise, destroys 
sufficient functional nephrons to reduce the glomerular 
filtration rate (GFR) to about 30 to 50% of normal, 
progression to end-stage renal failure proceeds inexor- 
ably (though at variable rates), even if the initial cause 
of renal injury (e.g., infection, immune reaction) has 
been eliminated. Such kidneys show widespread glo- 
merular hyalinization or sclerosis. Insight into the mech- 
anism of such glomerular injury comes from experiments 
in rats subjected to ablation of renal mass by subtotal 
nephrectomy. Although compensatory hypertrophy of 
remaining nephrons serves to maintain renal function 
in these animals, proteinuria and focal glomeruloscle- 
rosis soon develop, leading eventually to total glomer- 
ular hyalinization,*® and if the renal ablation is severe, 
death of the animals in uremia ensues. Micropuncture 
studies of remnant glomeruli of such animals show 
increases in single nephron GFR, glomerular blood flow, 
and capillary pressure, all well-known adaptive re- 
sponses in hypertrophied glomeruli.” That these hemo- 
dynamic changes, conveniently abbreviated “hyperfil- 
tration,” are linked to the glomerular damage can be 
shown by subjecting subtotally nephrectomized animals 
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to a low-protein diet. This diet blunts the increases in 
glomerular filtration, flow, and pressure; abrogates the 
proteinuria; and protects from progressive glomerulo- 
sclerosis.°' Which of the three hemodynamic changes is 
the critical factor in inducing glomerular damage is 
unclear, but the sequence of events entails endothelial 
and epithelial cell injury, increased glomerular perme- 
ability to proteins, accumulation of proteins in the 
mesangial matrix, and, by some unknown mechanism, 
glomerular hyalinization.* This results in further reduc- 
tions in nephron mass and a vicious cycle of progressive 
glomerulosclerosis (Fig. 21-10).°* As we shall see, this 
mechanism may play a role in the progressive renal 
failure of chronic pyelonephritis, diabetic nephropathy, 
unilateral renal agenesis, and other disorders. 

We now turn to a consideration of specific types of 
GN. For more detailed clinical and morphologic de- 
scriptions, refer to Heptinstall’s comprehensive book, 
Pathology of the Kidney.” 


ACUTE GLOMERULONEPHRITIS 


Certain types of glomerular disease are character- 
ized anatomically by inflammatory alterations in the 
glomeruli and clinically by a complex of findings classi- 
cally referred to as the syndrome of acute nephritis. The 
nephritic patient usually presents with hematuria, red 
cell casts in the urine, azotemia, oliguria, and mild-to- 
moderate hypertension. The patient also commonly has 
proteinuria and edema, but these are not as severe as 
those encountered in the nephrotic syndrome, discussed 
later. The acute nephritic syndrome may occur in such 
multisystem diseases as SLE and polyarteritis nodosa. 
Typically, however, it is characteristic of acute prolif- 
erative GN. 


Acute Poststreptococcal (Proliferative) 
Glomerulonephritis 


This is a fairly common glomerular disease that 
usually appears one to two weeks after a streptococcal 
infection of the throat or occasionally of the skin. It 
occurs most frequently in children, but adults of any 
age can be affected. The onset is generally abrupt and 
is heralded by the manifestations of acute nephritis. 

ETIOLOGY AND PATHOGENESIS. Only certain strains 
of group A beta-hemolytic streptococci are nephrito- 
genic, over 90% being traced to types 12, 4, and 1, 


Reductions in nephron mass 
(primary interstitial, vascular, 
or glomerular disease) 
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Epithelial and endothelial injury 
{ 
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Figure 21-10. Progressive glomerulosclerosis due to hemodynamic alterations (hyperfiltration) (see 
text). SNGFR = single nephron glomerular filtration rate. 
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which can be identified by typing of M protein of the 
cell wall. Skin infections are responsible for two-thirds 
of cases in the southern United States and are commonly 
associated with overcrowding. 

Poststreptococcal GN is an immunologically me- 
diated disease. The latent period between infection and 
onset of nephritis is compatible with the time required 
for the building up of antibodies. Elevated titers to one 
or more of the streptococcal exoenzymes, e.g., anti- 
streptolysin-O (ASO), are present in a great majority of 
patients. Serum complement levels are low, compatible 
with involvement of the complement system as a me- 
diator of the immune reaction. The presence of granular 
immune deposits of immunoglobulin and complement 
in the glomeruli suggest an immune complex—mediated 
mechanism, and so does the finding of electron-dense 
deposits seen under the electron microscope. The strep- 
tococcal antigenic component(s) responsible for the im- 
mune reaction has eluded identification for years, but 
recent work suggests that a cytoplasmic antigen called 
endostreptosin and several cationic streptococcal 
antigens” are present in affected glomeruli. Whether 
these represent “planted” antigens, are part of circulat- 
ing immune complexes, or both is unknown. The ab- 
sence in some cases of Cl and C4, the early components 
of complement in glomeruli, also suggests activation of 
the alternate complement pathway (p. 1018). 


THE KIDNEY 


MORPHOLOGY. The macroscopic appearance of kid- 
neys is rarely seen, since most patients survive the acute 
attack. In fatal cases, the cortical surface appears red-brown 
and smooth, often dotted by fine, punctate petechiae pro- 
duced by acute inflammatory rupture of glomerular capillar- 
ies. 

The classic diagnostic picture is one of enlarged, hy- 
percellular, relatively bloodless glomeruli (Fig. 21-11). The 
hypercellularity is caused by (1) proliferation of endothelial 
and mesangial cells and, in many cases, epithelial cells; and 
(2) infiltration by leukocytes, both neutrophils and mono- 
cytes. The proliferation and leukocyte infiltration are diffuse, 
i.e., involving all lobules of all glomeruli. There is also 
swelling of endothelial cells, and the combination of prolif- 
eration, swelling, and leukocyte infiltration obliterates the 
capillary lumina. Small deposits of fibrin within capillary 
lumina and mesangium can be demonstrated by special 
stains. There may be interstitial edema and inflammation, 
and the tubules often contain red cell casts and may show 
evidence of degeneration. Focal proliferation of parietal 
epithelial cells and infiltration with monocytes may be pres- 
ent, causing crescents, but diffuse crescent formation is 
uncommon except in a small proportion of patients with 
rapidly progressive GN. 

By immunofluorescence microscopy there are gran- 
ular deposits of IgG and complement in the mesangium and 
along the basement membrane. Although present, they are 
often focal and sparse. The characteristic electron micro- 
scopic findings are the discrete, amorphous, electron- 
dense deposits on the epithelial side of the membrane, often 
having the appearance of “humps” (Fig. 21—12), presumably 
representing the antigen-antibody complexes trapped at the 
epithelial cell surface. Subendothelial and intramembranous 
deposits are sometimes seen, and there is often swelling of 
endothelial and mesangial cells, occasional rupture of the 
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Figure 21-11. Poststreptococcal glomerulonephritis. Glomerular 
hypercellularity is due to an immigrant leukocytic infiltrate and 
proliferation of intrinsic glomerular cells. There is also an infiltrate 
of white cells in renal interstitium about glomerulus. 


basement membrane (allowing red cells to leak), and fibrin 
deposits. In the great majority of cases the glomerular 
changes begin to subside approximately four to six weeks 
after the onset of disease. In some cases they may persist 
for months, however, and are accompanied by persistent 
hypercellularity in the mesangial area with excessive depo- 
sition of mesangial matrix. Persistence of such abnormalities 
for prolonged periods may augur progression to chronic GN. 


CLINICAL Course. In the classic case, a young child 
abruptly develops malaise, fever, nausea, oliguria, and 
hematuria (smoky or cocoa-colored urine) one to two 
weeks after recovery from a sore throat. Red cell casts 
in the urine are one of the most diagnostic findings. 
Proteinuria is generally mild (less than 1 gm), although 
it may reach 3 gm or even nephrotic levels. Edema may 
be limited to the periorbital areas but may subsequently 
progress, and hypertension is usually mild to moderate. 
In adults, the onset is more apt to be atypical, with the 
sudden appearance of hypertension or edema, fre- 
quently with elevation of BUN. During epidemics 
caused by nephritogenic streptococcal infections, GN 
may be entirely asymptomatic, discovered only when 
screening for microscopic hematuria. 

Important laboratory findings include elevations of 
ASO titers, a decline in the serum concentration of C3 
component of complement, and the presence of cry- 
oglobulins in the serum. 

Over 95% of children with poststreptococcal GN 
totally recover either spontaneously or with conservative 
therapy aimed at maintaining sodium and water balance. 
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Figure 21-12. Poststreptococcal glomerulonephritis. Electron mi- 
crograph showing a hump-shaped electron-dense deposit (arrow) 
on epithelial side of basement membrane (BM). There is also a 
dense deposit within BM. CL = capillary lumen; E = endothelium; 
Ep = epithelium. 


Microscopic hematuria, mild proteinuria, and histologic 
changes confined to the mesangium may persist in some 
patients for several weeks or months, but even then 
complete long-term recovery is the rule. A small mi- 
nority of children (perhaps under 1%) do not improve, 
become severely oliguric, and develop a rapidly pro- 
gressive form of GN (to be described later). Another 1 
to 2% may undergo slow progression to chronic GN 
with or without recurrence of an active nephritic pic- 
ture. Prolonged and persistent heavy proteinuria and 
abnormal GFR mark patients with an unfavorable prog- 
nosis. 

In adults, the disease is probably less benign. 
Although the overall prognosis in epidemics is good, 
only about 60% of sporadic cases recover promptly. 
Some patients develop rapidly progressive GN. In the 
remainder the glomerular lesions fail to resolve quickly, 
as manifested by persistent proteinuria, hematuria, and 
hypertension. In some of these patients the lesions 
eventually clear totally, but others develop chronic GN. 
The factors leading to progression in some patients are 
unclear. They include adaptive hyperfiltration, leading 
to progressive glomerulosclerosis (p. 1007); hyperten- 
sion; and cell-mediated reactions directed to GBM cross- 
reacting with or altered by streptococci.” 

Although most patients with acute GN have post- 
streptococcal disease, a similar form has been reported 
sporadically in association with other bacterial infections 
such as staphylococcal endocarditis, infected atrioven- 
tricular shunts (for hydrocephalus), pneumococcal pneu- 
monia, secondary syphilis, and meningococcemia. A 
number of viral diseases, such as hepatitis B, mumps, 
varicella, and infectious mononucleosis may also be 
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associated with a similar disorder.® In all of these, 
granular immunofluorescent deposits and subepithelial 
humps characteristic of immune complex nephritis are 
present. 


RAPIDLY PROGRESSIVE 
GLOMERULONEPHRITIS (RPGN) 


This form represents a clinicopathologic syndrome 
in which glomerular damage is accompanied by rapid 
and progressive decline in renal function, frequently 
with severe oliguria or anuria, usually resulting in 
irreversible renal failure in weeks or months. © The 
syndrome is characterized histologically by accumula- 
tion of cells in Bowman's space in the form of “cres- 
cents. Thus, the terms crescentic and extracapillary 
GN are used synonymously. Hematuria is a common 
finding, but proteinuria is variable and hypertension 
and edema may or may not be present. 

RPGN may occur in the course of several groups 
of diseases that can affect the glomerulus (Table 21-4): 
(1) poststreptococcal or postinfectious RPGN, (2) GN 
associated with systemic diseases, and (3) primary or 
idiopathic RPGN. Here we shall discuss postinfectious 
RPGN, Goodpasture’s syndrome as a prototype for the 
multisystem diseases causing RPGN, and _ idiopathic 
RPGN. 


Postinfectious RPGN 


Most patients with poststreptococcal or postinfec- 
tious GN recover, but in a small proportion intractable 
oliguria persists, anuria may ensue, and renal failure 
develops within weeks or months. This complication is 
rare in children but somewhat more common in adults. 
The initial clinical manifestations and pathogenetic 
mechanisms are similar to those of the diffuse prolifer- 
ative GN: ASO serum titers are usually elevated, serum 
complement levels are reduced, and there is granular 
deposition of IgG and C3 in the glomeruli. Histologi- 
cally, in addition to the diffuse proliferation and leuko- 
cyte infiltration, there is widespread crescent formation. 
Although all forms of RPGN have a dismal prognosis, 
the postinfectious type tends to fare better, and in some 
series up to 50% of patients may recover sufficient renal 
function to escape the necessity for long-term dialysis 
or transplantation. 


Table 21-4. RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS 
(RPGN) 


1. Postinfectious RPGN 

2. Systemic diseases 

Systemic lupus erythematosus 
Goodpasture’s syndrome 
Polyarteritis nodosa 
Wegener's granulomatosis 
Henoch-Schonlein purpura 

. Essential cryoglobulinemia 
iopathic RPGN 
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This is an acute, often fulminating disorder char- 
acterized by pulmonary hemorrhages and acute GN, 
commonly of the rapidly progressive type. It is seen 
mostly in young adults, principally males. The pulmo- 
nary involvement usually precedes the onset of nephritis 
and is, in fact, the dominant cause of morbidity and 
mortality (p. 745). Here our interest is in the glomerular 
involvement. 

ETIOLOGY AND PATHOGENESIS. Although pulmo- 
nary hemorrhage and GN may coexist in a variety of 
other conditions, such as SLE, Wegener's granuloma- 
tosis, scleroderma, and polyarteritis nodosa, the term 
Goodpasture’s syndrome is used here, in the strictest 
sense, to denote a disease that is the result of damage 
by anti-glomerular basement membrane antibodies. 
Immunofluorescent studies in these patients reveal the 
characteristic continuous linear staining for IgG seen in 
experimental anti-GBM nephritis. When immunoglob- 
ulins are eluted from glomeruli, they react in vitro with 
GBM, and when they are injected into monkeys, glo- 
merular disease with typical linear staining is found in 
glomeruli. Circulating anti-GBM antibodies can be 
readily detected in the serum of most patients with 
Goodpasture’s syndrome, and IgG may also be present 
in a linear fashion along the alveolar basement mem- 
branes. Experimentally, anti-GBM antibodies induce 
renal lesions as well as lung hemorrhage, provided the 
lung is previously injured (e.g., by oxygen toxicity).© 
Thus, the renal and lung injury appears to be the result 
of antibodies against antigens to both basement mem- 
branes. What triggers the formation of these antibodies 
is unclear. Exposure of lung to viruses or hydrocarbon 
solvents (found in paints and dyes) has been implicated 
in some patients, as have been various drugs (e.g., 
rifampicin) and cancers, but most patients give no such 
history.*' Antibody production is usually self-limited. 
There is a high prevalence of DRW2 haplotype in 
Goodpasture’s syndrome,® a finding consistent with the 
genetic predisposition common tu many of the autoim- 
mune diseases. 


MORPHOLOGY. In cases with mild renal involvement or 
early in the disease, there is focal and segmental proliferation 
with fibrinoid necrosis in glomerular tufts. This lesion may 
be present early, but more often as renal involvement 
progresses the picture is soon dominated by striking 
formation of extracapillary crescents (Fig. 21-13). As we 
shall see later, these crescents are formed by proliferating 
epithelial cells, often accompanied by monocytes and neu- 
trophils. On electron microscopy the glomerulus discloses 
extensive fibrin deposition, epithelial and endothelial degen- 
eration, and characteristic focal disruptions of the GBM, 
which may be filled with either fibrin or infiltrating leukocytes 
(Fig. 21-14). As mentioned earlier, immunofluorescent stain- 
ing for immunoglobulins and complement reveal the uniform 
linear pattern characteristic of anti-GBM disease. 


CLINICAL Course. The course may be dominated 
by recurrent hemoptysis or even life-threatening pul- 
monary hemorrhage (p. 745). Although milder forms of 


Figure 21-13. Rapidly progressive glomerulonephritis, with prolif- 
eration of cells and crescent formation (silver stain). Glomerular tuft 
is collapsed. Note that crescent is in Bowman’s space (arrow). 


glomerular injury may subside, the renal involvement 
is usually progressive over a matter of weeks. When 
renal failure develops, dialysis support is necessary. 
Immunofluorescence or radioimmunoassays for circulat- 
ing anti-GBM antibodies are helpful in the diagnosis, 
but severity of the disease does not correlate well with 
antibody titers. Dramatic remission may follow intensive 
plasmapheresis (plasma exchange) combined with ste- 
roids and cytotoxic agents. This therapy appears to 
reverse both pulmonary hemorrhage and renal failure 
and is most beneficial when instituted before severe 
oliguria or anuria has developed. Plasma exchange 
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Figure 21-14. Rapidly progressive glomerulonephritis. Electron 
micrograph showing characteristic wrinkling of GBM with focal 
disruptions in its continuity (arrows). 


presumably removes both the anti-GBM antibodies 
responsible for initiating the damage as well as secon- 
dary circulating mediators of the inflammatory response. 
Despite therapy, patients may eventually require 
chronic dialysis or transplantation. Transplantation is 
usually delayed for several months to reduce the small 
but definite risk of recurrence of the disease in the 
transplanted kidney. 


Idiopathic RPGN 


In about half the patients presenting with RPGN, 
the conditions cited in Table 21-4 can be excluded; 
such cases are referred to as idiopathic RPGN. A flulike 
syndrome may precede the onset, but most often the 
signs of azotemia (weakness, nausea, vomiting), oliguria, 
hematuria, and proteinuria herald the disease. 

Immunofluorescence microscopy of glomeruli in 
such patients shows linear fluorescence in about one- 
fourth (anti-GBM disease), granular fluorescence in 
about one-fourth, and scanty or no immune deposits in 
about one-half of patients.© This is thus not a distinctive 
entity but is best viewed as an ominous pathway that 
may follow many types of GN of differing etiologies and 
pathogenesis and having in common severe glomerular 
damage. © 


The kidneys are bilaterally and symmetrically enlarged 
and pale. Petechial hemorrhages are frequently evident on 
the cortical surface. By light microscopy, the glomeruli are 
hypercellular with varying degrees of proliferation of endo- 
thelial and mesangial cells, but characteristic is the striking 
crescent formation in Bowman’s space throughout most 
glomeruli (Fig. 21-13). Sequential renal biopsies have indi- 
cated that these crescents form quite rapidly and may be 
fully developed within a few days of onset of nephritis. 
Crescents compress and distort the capillary lumina, and 
many of them occlude the opening into the proximal renal 
tubule. Fibrin is universally present in these lesions, 
often deposited among the interstices of the crescent. 
Electron microscopy discloses electron-dense deposits in 
those with granular fluorescence, but in those with linear or 
no fluorescence, deposits are absent. The GBM is focally 
disrupted (Fig. 21-14). There is usually marked interstitial 
edema and infiltration by inflammatory cells, and the tubules 
may show degenerative changes. With the advance of 
disease, there is organization of crescents to form collagen 
with eventual hyalinization of the glomeruli. 


Untreated, the prognosis for most forms of RPGN 
is bleak, the vast majority of these patients eventually 
requiring long-term dialysis or transplantation. Uncon- 
trolled therapeutic results from regimens employing 
high-dose corticosteroids or plasma exchange with im- 
mune suppression are encouraging, particularly when 
instituted in less severely oliguric patients early in the 
course. 


The Nature of Crescents 


It must be clear by now that crescent formation is 
not pathognomonic of any one disease but is a hallmark 
of severe glomerular damage. Traditionally, crescents 
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have been thought to arise from proliferation of parietal 
epithelial cells, probably as a reaction to the leakage 
and deposition of fibrin and fibrin-related proteins into 
Bowman's space. The presence of focal disruptions in 
the basement membrane in relation to crescents (Fig. 
21-13) and the finding of mitotic figures in parietal 
epithelial cells lend credence to these ideas.’ Further, 
in some experimental models, crescent formation can 
be prevented by previous treatment of animals with 
either anticoagulants (heparin) or fibrinogenolytic agents 
(ancrod). Recent work, however, clearly shows that 
blood monocytes also emigrate across damaged glomer- 
ular walls into Bowman’s space, transform into activated 
macrophages, and constitute part of the crescent. They 
can also be demonstrated in human crescents by a 
variety of techniques.** Thus, both parietal epithelial 
cells and macrophages contribute to crescent formation 
under various conditions; when present in large num- 
bers, crescents are a poor prognostic sign. 


Glomerular Diseases 


NEPHROTIC SYNDROME (NS) 


Certain glomerular diseases (membranous GN, li- 
poid nephrosis, focal sclerosis) virtually always produce 
the nephrotic syndrome. In addition, many other forms 
of primary and secondary GN discussed in this chapter 
may evoke it. It is convenient, therefore, before pre- 
senting the major causes of NS, to discuss this clinical 
complex. NS comprises the following findings: (1) 
massive proteinuria with the daily loss of 3.5 gm or 
more of protein, (2) hypoalbuminemia with plasma 
albumin levels less than 3 gm per dl, (3) generalized 
edema, and (4) hyperlipidemia. 

The syndrome is fundamentally the result of exces- 
sive glomerular permeability to plasma proteins, and 
thus heavy proteinuria is its prime characteristic. The 
biochemical and ultrastructural mechanisms underlying 
such increased protein leakage vary in the different 
diseases causing the syndrome and, to the extent that 
they are understood, will be discussed under the indi- 
vidual conditions. Whatever its cause, the heavy pro- 
teinuria leads to depletion of serum albumin levels 
below the compensatory synthetic abilities of the liver, 
with consequent hypoalbuminemia and a reversed al- 
bumin-globulin ratio. Increased renal catabolism is also 
an important contributor to the hypoalbuminemia. The 
generalized edema is, in turn, the consequence of the 
loss of colloid osmotic pressure of the blood and the 
accumulation of fluid in the interstitial tissues. There is 
also sodium and water retention, which aggravates the 
edema. This appears to be due to several factors, 
including compensatory secretion of aldosterone, me- 
diated by the hypovolemia enhanced antidiuretic hor- 
mone secretion, stimulation of the sympathetic system, 
and a primary renal effect of uncertain nature. Edema 
is characteristically soft and pitting, most marked in the 
periorbital regions and dependent portions of the body. 
It may be quite massive with pleural effusions and 
ascites, a condition termed anasarca. 

The largest proportion of protein lost in the urine 
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is albumin, but globulins are also excreted in some 
diseases. The ratio of low- to high-molecular-weight 
proteins in the urine in various cases of NS determines 
the so-called “selectivity” of proteinuria. A highly selec- 
tive proteinuria consists mostly of low-molecular-weight 
proteins (albumin 66,000; transferrin 76,000), whereas 
a poorly selective proteinuria consists of larger-molec- 
ular-weight proteins in addition to albumin. 

The genesis of the hyperlipidemia in the nephrotic 
syndrome is complex.® There is a close inverse relation- 
ship between the hyperlipidemia and the serum albumin 
levels. Low serum albumin or the diminished plasma 
osmotic pressure stimulates increased synthesis in the 
liver of cholesterol-rich lipoproteins, particularly low- 
density lipoproteins (LDL) and, in more severe nephrot- 
ics, triglyceride-rich low-density components (VLDL); 
there is also decreased catabolism of these lipids. Thus, 
these patients have hyperlipidemia and hypercholester- 
olemia (types Ila and IIb) (p. 515). Lipiduria follows the 
hyperlipidemia, since not only albumin molecules but 
also lipoproteins leak across the glomerular capillary 
wall. The lipid appears in the urine either as free fat or 
as “oval fat bodies” representing lipoprotein resorbed 
by tubular epithelial cells and then shed along with the 
degenerated cells. Whether associated hyperlipidemia 
increases the risk toward atherosclerosis and coronary 
heart disease is controversial. The conflicting data may 
be related to the high-density lipoprotein (HDL) level 
in the serum, which may be increased, normal, or 
decreased in nephrotics. You will recall that HDL levels 
are inversely related to coronary risk (p. 514). 

These patients are particularly vulnerable to infec- 
tion, especially with staphylococci and pneumococci. 
The basis for this vulnerability could be related to loss 
of immunoglobulins or low-molecular-weight comple- 
ment components (e.g., Factor B) in the urine. Throm- 
botic and thromboembolic complications (p. 98) are also 
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Table 21-5. CAUSES OF NEPHROTIC SYNDROME 


Primary Glomerular Disease Incidence” 
Children Adults 
Lipoid nephrosis 65% 15% 
Focal segmental glomerulosclerosis 10% 15% 
Membranous GN 5% 40% 
Membranoproliferative GN 10% 7% 
Other proliferative 10% 23% 


(focal, “pure mesangial,” IgA 
nephropathy) 


Systemic Diseases 

Diabetes mellitus 

Amyloidosis 

Systemic lupus erythematosus 

Drugs (gold, penicillamine, ‘street heroin’) 
Infections (malaria, syphilis, hepatitis B) 

Malignancy (carcinoma, melanoma) 

Miscellaneous (bee-sting allergy, hereditary nephritis) 


“Approximate incidence of primary disease = 95% in children, 60% 
in adults. 

Approximate incidence of systemic disease = 5% in children, 
40% in adults. 


quite common. The hypercoagulable state is due in part 
to loss of anticoagulant factors (e.g., antithrombin III) 
and antiplasmin activity through the leaky  glo- 
merulus. There are also thrombocytosis and marked 
increases in serum factors V, VII, and VIII and fibrin- 
ogen. Renal vein thrombosis, once thought to be a cause 
of NS, is most often a consequence of this hypercoagul- 
able state.” 

A compilation of the forms of renal involvement 
that give rise to NS is presented in Table 21-5. Several 
features are noteworthy in this table. Among children, 
the great preponderance of cases of NS is the conse- 
quence of primary renal disease. The outstanding cause 
is lipoid nephrosis (65%), and membranous GN accounts 
for only 5%. In adults, primary renal disease is less 
predominant. Most important is membranous glomer- 
ulonephritis (40%). Systemic diseases such as diabetic 
glomerulosclerosis, amyloidosis, and lupus nephritis 
make a substantial contribution to the spectrum of NS 
in adults. 


Membranous Glomerulonephritis (MGN) 


Membranous glomerulonephritis, or membranous 
nephropathy, a major cause of the nephrotic syndrome, 
is characterized by the presence of electron-dense, im- 
munoglobulin-containing deposits along the epithelial 
(subepithelial) side of the basement membrane.” Early 
in the disease, the glomeruli may appear normal by 
light microscopy, but well-developed cases show diffuse 
thickening of the capillary wall. Although children may 
suffer from this disease, it is most common in young 
adults and in middle life. 

ETIOLOGY AND PATHOGENESIS. Because of the close 
similarity of the lesions of MGN to those seen in 
experimental chronic serum sickness, it is believed to 
be a form of chronic antigen-antibody—mediated disease. 
In particular, the immunofluorescence findings are of 
diffuse granular deposits of IgG and complement along 
the basement membrane, corresponding to the electron- 
dense deposits seen subepithelially with the electron 
microscope. MGN occurs in 10% of patients with SLE, 
presumably owing to DNA-anti-DNA complex deposi- 
tion (p. 181). Other evidence is the association of MGN 
with certain infections (syphilis, malaria, hepatitis B 
virus), drugs (mercury, gold, penicillamine), and tumors 
(e.g., lung carcinoma, melanoma).”! However, in only a 
small number of patients have specific antigens been 
identified in the deposits. In about 85% of patients with 
MGN, none of these associated conditions exist; the 
term “idiopathic” MGN is applied in such cases.” 

A genetic component to the pathogenesis is sug- 
gested by the increased prevalence of HLA-DRW3 in 
European patients with MGN; in the United States 
there is a markedly increased incidence of a unique 
allotype BfF, of factor B of the alternate complement 
pathway, and new B-cell antigen system MT-2.” This 
suggests possible defects in immune regulation, and 
indeed an imbalance in T-helper and T-suppressor lym- 
phocyte function has been reported in these patients.” 


Circulating immune complexes are found in only 
15 to 25% of cases, and thus an in situ immune reaction 
with a glomerular or planted antigen is postulated to 
account for the subepithelial immune deposits (as dis- 
cussed earlier).°° However, neither intrinsic nor planted 
antigens have been identified with any frequency in 
these deposits. Thus, the mechanism of immune depo- 
sition and the nature of the antigen(s) involved must 
remain speculative. 

Begging the question of the nature of the immune 
deposits, how does the glomerular capillary wall become 
leaky? We simply do not know. In MGN there is loss 
of size selectivity of the GBM, allowing leakage of large- 
molecular-weight proteins, but the biochemical abnor- 
mality underlying this defect is unknown, as is the 
manner by which immune complexes cause the leakage 
in the apparent total absence of neutrophils, monocytes, 
or other putative mediators. Since complement is almost 
always present in glomeruli, one possibility is the direct 
action of the terminal components of complement, the 
membrane-attack complex. * 


MORPHOLOGY. The kidneys are large, swollen, and 
pale. By light microscopy, in fully developed cases there is 
uniform, diffuse thickening of the glomerular capillary 
wall (Fig. 21-15). By electron microscopy, irregular, dense 
deposits can be seen between the basement membrane 
and the overlying epithelial cells, the latter appearing swollen 
and having lost their foot processes (Fig. 21-16). Basement 
membrane material is laid down between these deposits, 
appearing as irregular spikes protruding from the GBM. In 
time, these spikes thicken to produce domelike protrusions; 
with progression of the disease, these eventually close over 
the immune deposits, burying them within a markedly thick- 
ened, irregular membrane. Progressive disintegration of the 
deposits creates a “moth-eaten” appearance, but eventually 
the holes fill in. Visualization of these membranous details 
requires either electron microscopy or, with light microscopy, 
silver impregnation stains. Immunofluorescence demon- 


Figure 21-16. Membranous glomerulo- 
nephritis. Electron micrograph showing nu- 
merous electron-dense deposits (arrow) 
along epithelial side of basement mem- 
brane (B). Note obliteration of foot process 
overlying deposits. CL = Capillary lumen; 
End = endothelium; Ep = epithelium. 
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Figure 21-15. Membranous glomerulonephritis (PAS stain). Note 
diffuse thickening of capillary wall without increase in number of 
cells. Thickening is due to immune deposits on epithelial side of 
GBM. 


strates that the many granular deposits contain both immu- 
noglobulins and complement (Fig. 21-9). As the disease 
advances, the membranous thickening progressively en- 
croaches upon the capillary lumina, and some proliferation 
and sclerosis of the mesangium may occur. Thus, the 
glomeruli become relatively sclerosed and, in the course of 
time, may eventually become totally hyalinized. The epithelial 
cells of the proximal tubules contain hyaline droplets, reflect- 
ing protein reabsorption. In the advanced stage of the 
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disease, tubular atrophy and interstitial fibrosis occur, and 
indeed the kidneys may become contracted, finely granular, 
and scarred, closely resembling other forms of chronic GN 
(p. 1019). 
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CLINICAL Course. In a previously healthy individ- 
ual this disorder usually begins with the insidious onset 
of nephrotic syndrome or, in 15% of patients, with non- 
nephrotic proteinuria. Hematuria and mild hyperten- 
sion are present in 15 to 35% of cases. MGN may occur 
in association with known disorders or etiologic agents,” 
which are well to bear in mind: malignant epithelial 
tumors, particularly carcinoma of the lung and colon, 
and melanoma; SLE (p. 180); exposure to inorganic 
(gold salts, mercury) or organic (penicillamine, captopril) 
drugs; infections (chronic hepatitis B, syphilis, schisto- 
somiasis, malaria); and metabolic disorders (thyroiditis, 
diabetes mellitus). In some of these conditions, the 
exogenous (hepatitis B, syphilis) or endogenous (tumor 
products, thyroglobulin) antigens can be identified in 
glomeruli. 

In most patients the condition is truly idiopathic. 
The course of the disease is notoriously irregular, but 
in 70 to 90% it is irreversible and progresses to renal 
failure over an unpredictable span of two to 20 years. 
Progression is associated with increasing sclerosis of 
glomeruli, rising BUN, relative reduction in the severity 
of proteinuria, and the development of hypertension. 
Perhaps 10 to 30% of patients have a more benign 
course, with partial or complete remissions. Renal vein 
thrombosis may occur as a reflection of the hyperco- 
agulability.’”° Because of the variable course, it has been 
difficult to evaluate the effectiveness of steroids in 
controlling the disease, but studies suggest a significant 
beneficial effect of alternate-day steroid therapy in pa- 
tients treated before the onset of renal insufficiency.” 


Lipoid Nephrosis (LN) (Minimal Change Disease, 
Foot Process Disease, Nil Lesion) 


These terms are used to describe a disorder in 
which the nephrotic syndrome is associated with diffuse 
loss of foot processes of epithelial cells in glomeruli that 
appear virtually normal by light microscopy. LN is the 
most common cause of NS in children (see Table 21-5). 
The peak incidence is in children between 2 and 3 years 
of age. The disease sometimes follows a respiratory 
infection (25% of cases) or routine prophylactic immu- 
nization (9%).’° Its most characteristic feature is its 
dramatic and uniform response to corticosteroid ther- 
apy. 

ETIOLOGY AND PATHOGENESIS. These are essen- 
tially unknown. By fluorescence microscopy there is no 
deposition of immunoglobulins or complement in glo- 
meruli, and by electron microscopy no deposits are 
seen, excluding classical immune complex mechanisms. 
Nevertheless, several features of the disease point to an 
immunologic basis,” including: (1) the clinical associa- 
tion with respiratory infections and prophylactic im- 
munizations; (2) the response to corticosteroid and im- 
munosuppressive therapy; (3) the association with other 


atopic disorders (e.g., eczema, rhinitis); (4) the increased 
prevalence of HLA-B12 or HLA-DR7® in patients with 
minimal change disease associated with atopy (suggest- 
ing a possible genetic predisposition); (5) the increased 
incidence of LN in patients with Hodgkin's disease, in 
whom defects in T cell-mediated immunity are well 
recognized; and (6) the elaboration of lympho- 
kine-like activity by lymphocytes of patients with LN 
cultured with renal tissue. Such findings have led to 
speculations that lipoid nephrosis involves some dys- 
function of T-cell immunity, eventually resulting in the 
elaboration of a lymphokine-like circulating substance 
that increases the permeability of the glomerular wall. 

Much more has been learned about the molecular 
basis of protein leakage and the pathogenesis of the 
characteristic loss of foot processes in this condition. An 
early event in LN and experimental aminonucleoside 
nephrosis (a model that mimics LN) appears to involve 
loss of glomerular polyanion (p. 1007). This reduction 
in negative charge is associated with two defects: (1) 
enhanced filtration of circulating polyanions, mainly 
albumin, resulting in proteinuria; and (2) a change in 
epithelial cell shape leading to the familiar disappear- 
ance of foot processes.** The first seems to involve loss 
of heparan sulfate proteoglycan,®*® and the second a 
reduction of the sialoglycoprotein cell coat.*7 How the 
glomerular polyanion loss is brought about, however, is 
mysterious. It could conceivably result from the action 
of circulating factor or of a metabolic defect that affects 
the ability of glomerular epithelial cells to elaborate 
these compounds, a notion consistent with the pro- 
nounced epithelial alterations in this disease. 


MORPHOLOGY. The term lipoid nephrosis was initially 
coined because of the presence of lipid in tubules and fat 
bodies in the urine in the absence of glomerular changes. 
This lipid reflects glomerular leakage and reabsorption of 
lipoprotein. The protein reabsorption droplets appear as 
hyaline droplets or fatty vacuoles in the proximal convoluted 
tubules. The glomeruli appear normal; there is no thickening 
of basement membranes and no cellular proliferation (Fig. 
21-17). By electron microscopy the basement membrane 
appears morphologically normal, and no electron-dense ma- 
terial is deposited. The principal lesion is in the visceral 
epithelial cells, which show a uniform and diffuse loss 
of foot processes, these being replaced by a rim of cyto- 
plasm often showing vacuolization and swelling (Fig. 21- 
18). This change, often incorrectly termed “fusion” of foot 
processes, actually represents simplification of the epithelial 
cell architecture with flattening and swelling of foot processes 
rather than actual fusion. It should be noted that such foot 
process loss is also present in other proteinuric states (e.g., 
MGN, diabetes). It is only when fusion is associated with 
normal glomeruli that the diagnosis of LN can be made. 
Other changes in visceral epithelial cells include an increase 
in vacuoles and endoplasmic reticulum, as well as the 
formation of surface microvilli that are normally absent in 
this cell type. The visceral epithelial changes are completely 
reversible after corticosteroid therapy and remission of the 
proteinuria. 


CLINICAL CourRSE. Despite massive proteinuria, 
renal function remains good and there is usually no 
hypertension and no hematuria. The proteinuria usually 
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Figure 21-17. Lipoid nephrosis. Thin section of glomerulus stained 
with PAS. Note thin basement membrane and absence of prolifer- 
ation. Compare with membranous glomerulonephritis in Figure 
21-15. 


is highly selective. It may be impossible, however, short 
of renal biopsy, to differentiate LN from MGN in the 
early stages of both diseases. The great majority of 
patients with LN exhibit a rapid response to cortico- 
steroid therapy. Indeed, the absence of a response may 
indicate an error in diagnosis and the necessity to review 
the renal biopsy. However, the nephrotic phase may 
recur and some patients may become “steroid-depend- 
ent.” Nevertheless, the long-term prognosis for patients 
is excellent, and even steroid-dependent disease re- 
solves when the patient reaches puberty. In a series of 
209 patients, followed up to ten years, 71% were in 
complete remission, 10% still exhibited the nephrotic 
syndrome, and only three had died of chronic renal 
insufficiency.”© In adults, relapses are more frequent 
and the prognosis is generally less favorable.” 


Focal Segmental Glomerulosclerosis (FSGS; Focal 
Sclerosis) 


Although the morphologic lesion of focal sclerosis 
had long been recognized, the entity came to light only 
in 1970 in the course of an International Study on 
Childhood Lipoid Nephrosis.* It was noted that a small 
proportion of children responded poorly to corticoste- 
roids, and in these the renal biopsies showed occasional 
glomeruli exhibiting an area of sclerosis confined to only 
one segment of the glomerulus (thus, focal and segmen- 
tal). The morphologic entity has since been well defined 
and now accounts for 10 and 15% of cases of nephrotic 
syndrome seen among children and adults, respec- 
tively.*! * About 80% of patients with this lesion have 
NS but differ from the usual patients with LN in the 
following respects: (1) they have a higher incidence of 
hematuria, reduced GFR, and hypertension; (2) their 
proteinuria is more often nonselective; (3) they respond 
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Figure 21-18. Lipoid nephrosis. Electron micrograph showing loss 
of characteristic epithelial cell foot processes. (Some relatively 
normal processes are seen [arrow]). Note absence of deposits 
along BM. End = endothelium; BM = basement membrane; Ep = 
epithelium; US = urinary space. 


poorly or not at all to corticosteroid therapy; (4) many 
progress to chronic GN, at least 50% dying within ten 
years of diagnosis; (5) immunofluorescence microscopy 
shows deposition of IgM and C3 in the sclerotic seg- 
ment; and (6) there is a high incidence of recurrence in 
transplant recipients (25 to 50% of cases). 


MORPHOLOGY. As seen by light microscopy, the seg- 
mental lesions may involve only a minority of the glomeruli 
(Fig. 21-19) and may be missed if insufficient glomeruli are 
present in the biopsy. The lesions initially involve the juxta- 
medullary glomeruli, although they subsequently become 
more generalized. In the sclerotic segments there is collapse 
of basement membranes, increase in mesangial matrix, and 
deposition of hyaline masses (hyalinosis), often with lipoid 
droplets (Fig. 21-20). Glomeruli not exhibiting segmental 
lesions appear either entirely normal on light microscopy (as 
in LN) or may show increased mesangial matrix and mild 
mesangial proliferation. On electron microscopy, nonscler- 
otic areas show the diffuse loss of foot processes charac- 
teristic of LN, but in the sclerotic lesions there is also focal 
denudation of the epithelial cells. Masses of electron-dense 
amorphous material and lipoid granules are also present 
within the sclerotic areas. By immunofluorescence, nodular 
deposits of IgM and C3 are present within the hyaline 
masses in the sclerotic areas, but nonsclerotic glomeruli 
show either no staining or slight staining with IgM and Cs. 

In addition to the focal sclerosis, there is often rather 
pronounced hyaline thickening of afferent arterioles, foci of 
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Figure 21-19. Focal and segmental glomerulosclerosis. Low-power 
view showing two normal glomeruli and one (on left) with a focus 
of sclerosis. 
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Figure 21-20. Focal and segmental sclerosis, high-power view. 
Only one portion of glomerulus shows an area of sclerosis. There 
is slight mesangial hyperplasia in rest of glomerulus. 


interstitial fibrosis and tubular atrophy, and occasional glo- 
meruli that are completely sclerosed (global sclerosis). With 
the progression of the disease, increased numbers of glo- 
meruli become involved, sclerosis spreads within each glo- 
merulus, and there is increase in mesangial matrix. In time 
this leads to total sclerosis of glomeruli with pronounced 
tubular atrophy and interstitial fibrosis. This advanced picture 
would be almost impossible to differentiate from other forms 
of chronic GN. 


PATHOGENESIS. Whether FSGS represents a dis- 
tinct disease or is simply a phase in the evolution of a 
subset of patients with LN is a matter of debate, most 
investigators favoring the latter possibility.** *° The char- 
acteristic degeneration and focal disruption of visceral 
epithelial cells is thought to represent an accentuation 
of the diffuse epithelial cell change typical of LN. It is 
this pronounced epithelial damage that is the hallmark 
of FSGS. The hyalinosis and sclerosis represent entrap- 
ment of plasma proteins in extremely hyperpermeable 
foci and mesangial cell reaction to such deposited pro- 
teins. The recurrence of proteinuria in patients with 
focal sclerosis who receive renal allografts, sometimes 
within 24 hours of transplantation, suggests the exist- 
ence of a circulating toxin as the cause of the epithelial 
damage, but no such toxin has yet been identified. It is 
worth noting that an identical lesion, associated with 
heavy proteinuria, occurs as a complication of other 
nonglomerular renal diseases causing reduction in func- 
tioning renal tissue, particularly reflux nephropathy (p. 
1034).** chronic pyelonephritis (p. 1034), and unilateral 
agenesis (p. 998).** The lesions in the latter settings are 
almost certainly the result of “adaptive hyperfiltration, ” 
detailed earlier.*» Whether the hemodynamic changes 
play a role in the idiopathic form of FSGS is at present 
unknown. 

CLINICAL Course. As mentioned earlier, there is 
little tendency for spontaneous remission, and responses 


to corticosteroid therapy are infrequent. In general, 
children have a better prognosis than adults. Progression 
of renal failure occurs at variable rates. About 20% of 
patients follow an unusually rapid course (malignant 
focal sclerosis), with intractable massive proteinuria 
ending in renal failure within two years. Recurrences 
occur in 25% to 50% of patients receiving allografts. 

Before we leave focal sclerosis, it is worth empha- 
sizing that the histologic lesion of FSGS in itself is 
nonspecific, and can be present in glomeruli in some 
stages of other forms of GN. It is only when associated 
with NS (or at least heavy proteinuria) and the charac- 
teristic electron microscopic loss of epithelial foot proc- 
esses that the entity has the implications discussed 
here.” 


Membranoproliferative Glomerulonephritis 
(MPGN) 


As the term implies, this group of disorders is 
characterized histologically by alterations in the base- 
ment membrane and proliferation of cells. Because the 
proliferation is predominantly in the mesangium, a 
frequently used synonym is mesangiocapillary GN. 

The condition was first described in 1965 when a 
form of GN in children and young adults was found 
associated with low levels of the third component 
of complement. These patients had no evidence of 
poststreptococcal GN or SLE that would account for 
the hypocomplementemia. Subsequent observations 
showed that the latter was not invariably present, and 
further that the histologic lesion of MPGN may underlie 
different ultrastructural and immunofluorescent pat- 
terns. 

The clinical manifestations are variable. In two- 
thirds of patients NS is present and, indeed, MPGN 
accounts for 5 to 10% of cases of idiopathic NS in 
children and adults. Some patients present with only 
hematuria or proteinuria of non-nephrotic range, and 
others have a combined nephrotic-nephritic picture. 


MORPHOLOGY. By light microscopy, the glomeruli are 
large and hypercellular, the latter condition being due to a 
prominent increase in mesangial cells (Fig. 21-21). The 
GBM is clearly thickened, often focally, most evident in the 
peripheral capillary loops. The glomerular capillary wall often 
shows a “double-contour” or “tram-track” appearance, es- 
pecially evident in silver or PAS stains (Fig. 21-22). This is 
caused by “splitting” of the basement membrane because 
of the inclusion within it of processes of mesangial cells 
extending into the peripheral capillary loops, so-called mes- 
angial interposition. 

MPGN is divided into. two main types according to the 
ultrastructural characteristics :® ° 

Type | MPGN (two-thirds of cases) is characterized by 
the presence of subendothelial electron-dense deposits. 
Mesangial and occasional subepithelial deposits may also 
be present (Fig. 21-23). By immunofluorescence, C3 is 
deposited in a granular pattern, and IgG and early comple- 
ment components (C1q and C4) are often also present, 
suggesting an immune complex pathogenesis. 

In the Type Il lesion, the lamina densa of the GBM is. 


Figure 21-21. Membranoproliferative glomerulonephritis. Glomeruli 
are enlarged, and there is a marked increase in mesangial cells. 
Peripheral basement membrane (at 4 o’clock) is thickened. 


transformed into an irregular, extremely electron-dense 
structure, due to the deposition of dense material of unknown 
compositing in the GBM proper, giving rise to the term 
dense-deposit disease (Fig. 21-24). In Type li, C3 is 
present in irregular granular-linear foci in the basement 
membranes on either side, but not within the dense deposits. 
C3 is also present in the mesangium in characteristic circular 
aggregates (mesangial rings). IgG is often absent, and the 


Figure 21—22. Detail of glomerular basement membrane in mem- 
branoproliferative glomerulonephritis (PAS stained). Note splitting 
of BM, giving characteristic ‘“double-contour” or ‘“‘tram-track” pattern 
(arrow). 
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Figure 21-23. Membranoproliferative glomerulonephritis, type |. 
Note large subendothelial deposit (arrow) incorporated into mes- 
angial matrix (M) through process of “mesangialization” (see text). 
E = endothelium; EP = epithelium; CL = capillary lumen. 


early-acting complement components (Ciq and C4) are 
usually absent from the deposits. A rare variant (Type 
Ill) is segregated because it exhibits both subendothelial 
and subepithelial deposits, associated with GBM disruption 
and reduplication. Its clinical features are similar to those of 
Type I. 

Other histologic findings include neutrophilic and mono- 
nuclear infiltrates within the capillary walls; epithelial cres- 
cents in severe forms of the disease; vascular sclerosis; and 
variable degrees of interstitial inflammation, fibrosis, and 
tubular atrophy. 


PATHOGENESIS. Although there are exceptions, 
most cases of Type I MPGN present evidence of im- 
mune complexes in the glomerulus and activation of 
both classic and alternate complement pathways.*® *7 On 
the other hand, most patients with dense-deposit disease 
(Type II) have abnormalities that suggest primary acti- 
vation of the alternate complement pathway (normal 
Cl, C4; diminished factor B and properdin).” In the 
latter there is also deposition of C3 and properdin, but 
not Clq or C4 in the glomeruli. Recall that, in the 
alternate complement pathway, C3 is directly cleaved 
to C3b (Fig. 21-25) (see also Fig. 2-10, p. 52). The 
reaction depends on the initial interaction of C3 with 
such substances as bacterial polysaccharides, endotoxin, 
aggregates of IgA in the presence of factors B and D, 
and magnesium. This leads to the generation of C3bBb, 
the alternate pathway C3 convertase, which is equiva- 
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Figure 21-24. Type Il MPGN, dense-deposit disease. There are 
markedly dense homogeneous deposits within basement membrane 


proper. CL = capillary lumen. (Courtesy of Dr. M. Federman, New 
England Deaconess Hospital, Boston, MA). 


lent to the C3 convertase of the classic pathway, C42. 
C3bBb is extremely labile but can be stabilized by 
properdin, which binds to the C3b moiety of C3bBb, 
allowing the latter to cleave native C3. Almost all 
patients with dense-deposit disease have in their serum 
a factor, termed C3 nephritic factor (C3NeF), which 
acts at the same step as properdin, helping to stabilize 
C3bBb by binding to it. C3NeF is, in fact, immunoglob- 
ulin of the IgG class,® suggesting that it is an autoan- 
tibody to the alternate pathway C3 convertase (C3bBb). 
If this suggestion is correct, dense-deposit disease would 
be added to the category of autoimmune diseases. It is 
interesting that, in addition to increased consumption 
of C3, there is decreased C3 synthesis by the liver, 
further contributing to the profound hypocomplemen- 
temia. 

How these complement defects are translated into 
glomerular injury is unclear. It has not been possible to 
induce glomerular damage in experimental animals by 
prolonged activation of the alternate complement path- 
way.*° Could it be, instead, that the complement de- 
fects—either genetic or acquired—predispose to GN by 
limiting the patient’s ability to deal with microbiologic 
agents and toxins or to clear complexes? Alternatively, 
could a product of complement activation be nephrotoxic 
only in certain otherwise genetically susceptible individ- 
uals? A genetic predisposition is indeed suggested by 
the presence of C3NeF activity in some patients with 
the genetically determined disease, partial lipodystro- 
phy, some of whom develop Type II MPGN. The nature 


of the dense deposit in the GBM in Type II MPGN is 
unknown. 

CLINICAL CouRSE. Few remissions occur sponta- 
neously in either type and the disease follows a slowly 
progressive but unremitting course. Some patients de- 
velop numerous crescents and a clinical picture of 
rapidly progressive GN. About 50%. develop chronic 
renal failure within ten years. There is a high incidence 
of recurrence in transplant recipients, particularly in 
Type II disease. 

It is worth noting that histologic alterations very 
similar to MPGN (mostly Type I) occur in GN associated 
with hepatitis B antigenemia, infected ventriculoatrial 
shunts, schistosomiasis, alpha,-antitrypsin deficiency, 
and inherited deficiencies of C2. ® 


FOCAL PROLIFERATIVE 
GLOMERULONEPHRITIS 


Focal glomerulonephritis represents a_ histologic 
entity in which glomerular proliferation is restricted to 
segments of individual glomeruli and commonly involves 
only a certain proportion of glomeruli. The lesions are 
predominantly proliferative and should be differentiated 
from those of focal sclerosis. Focal necrosis and fibrin 
deposition within the lesions may occur (Fig. 21-26). 

Focal GN occurs under two circumstances: (1) It 
may be an early or mild manifestation of a systemic 
disease that sometimes involves entire glomeruli; among 
these are lupus erythematosus, polyarteritis nodosa, 
Henoch-Schénlein purpura, Goodpasture’s syndrome, 
subacute bacterial endocarditis, and Wegener's granu- 
lomatosis. (2) It can occur unrelated to any systemic 
disease and constitute a form of primary focal GN. The 
clinical manifestations may be subclinical, manifested 
by recurrent microscopic or gross hematuria or non- 
nephrotic proteinuria, but occasional cases present with 
nephrotic syndrome. One type of primary focal GN, 
IgA nephropathy, has sufficiently distinctive immunoflu- 
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Figure 21-25. Alternate complement pathway (see text). C3NeF 
present in serum of patients with MPGN is an immunoglobulin that 
stabilizes C3bBb by binding to it, probably as an antibody, thus 
activating pathway. (See also Fig. 2-10.) 


Figure 21-26. Focal glomerulonephritis in lupus erythematosus. 
There is segmental proliferation (left) and necrosis (middle). In the 
necrotic area there are neutrophils and fragmented nuclei (nuclear 
dust). 


orescent and clinical manifestations to warrant its dis- 
cussion as a separate entity. 


IgA Nephropathy (Berger’s Disease) 


First described by Berger, this entity is character- 
ized by the presence of prominent IgA deposits in the 
mesangial regions by immunofluorescence microscopy.” 
The disease can be suspected by light microscopic 
examination, but diagnosis is made only by immuno- 
fluorescence microscopy (Fig. 21-27). IgA nephropathy 
is a common cause of recurrent gross or microscopic 
hematuria. Mild proteinuria is usually present, and 
occasionally NS may develop.*! A rare patient may 
present with rapidly progressive crescentic GN. The 
disease affects children and young adults and may occur 
within a day or two of a nonspecific respiratory infection. 
Typically, the hematuria lasts for several days and then 
subsides, only to return every few months. 


Histologically, the lesions vary considerably. The glo- 
meruli may be normal or may show mesangial widening and 
segmental proliferation confined to some glomeruli (focal 
GN); diffuse mesangial proliferation (mesangioproliferative); 
or rarely, overt crescentic GN. The characteristic immunoflu- 
orescent picture is of mesangial deposition of IgA (Fig. 
21-27), often with C3 and properdin and lesser amounts of 
IgG or IgM. Early complement components are usually 
absent. Electron microscopy confirms the presence of elec- 
tron-dense deposits in the mesangium in the vast majority 
of cases. In some biopsies, prominent hyaline thickening of 
arterioles is present, a feature associated with a greater 
likelihood of progression to chronic renal failure. 


The pathogenesis is unknown although there are 
several clues.” The exclusive mesangial deposition of 
IgA suggests entrapment of large circulating aggregates 
or complexes, and the absence of Clq and C4 in 
glomeruli point to activation of the alternate comple- 
ment pathway. You may recall that aggregated IgA is a 
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known activator of the alternate pathway. Circulating 
IgA immune complexes are present in some individuals. 
Up to 50% of patients have elevated IgA serum levels. 
A genetic influence in IgA nephropathy is suggested by 
its occasional occurrence in families and in HLA iden- 
tical brothers, and its possible increased frequency in 
the HLA-BW35 (DR4) haplotype.” There is also evi- 
dence of defective phagocytic function of the mononu- 
clear phagocyte system in such patients. Taken together, 
these and other findings suggest a primary (probably 
genetic) abnormality in regulation of IgA production 
and increased IgA synthesis in response to some envi- 
ronmental agent (? viruses, food proteins). IgA aggre- 
gates or complexes are then entrapped in the mesan- 
gium, where they activate the alternate complement 
pathway.” Defective phagocytic function, either inher- 
ited or acquired, may contribute by affecting the clear- 
ance of the complexes, either in the mesangium or in 
the mononuclear phagocyte system.” 
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CLINICAL CourRSE. As noted above, IgA nephropa- 
thy is clinically a heterogeneous disease. Although most 
patients have an initially benign course, the disease 
appears to be slowly progressive: it is estimated that 
chronic renal failure develops in up to 50% of cases over 
a period of 20 years. Onset in old age, heavy proteinuria, 
hypertension, and the presence of vascular sclerosis or 
crescents on biopsy are clues to an increased risk of 
progression. Recurrence of IgA deposits in transplanted 
kidneys occurs in 50% of cases, but with seemingly 
limited clinical consequence in most of these.” 


CHRONIC GLOMERULONEPHRITIS 


Chronic glomerulonephritis is best considered an 
end-stage pool of glomerular disease fed by a number 
of streams of glomerulonephritis, most of which have 
been described earlier in this chapter. Poststreptococcal 


Figure 21-27. IgA nephropathy. Characteristic immunofluorescence 
deposition of IgA, principally in mesangial regions. Compare with 
Figures 21-8 and 21-9, in which fluorescent deposits are along 
GBM. 
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GN is arare antecedent of chronic GN, except in adults. 
Patients with rapidly progressive GN, if they survive 
the acute episode, invariably end with chronic GN. 
Membranous, membranoproliferative glomeruloneph- 
ritis and IgA nephropathy progress more slowly to 
chronic renal failure, whereas focal sclerosis often ad- 
vances rather rapidly into chronic GN. Nevertheless, in 
any series of patients with chronic GN, about one- 
fourth arise mysteriously with no antecedent history of 
any of the well-recognized forms of early GN. These 
cases represent the end result of relatively asymptomatic 
forms of GN, either known or still unrecognized, that 
progress to uremia. 


MORPHOLOGY. The kidneys are symmetrically con- 
tracted and have red-brown, diffusely granular, cortical sur- 
faces. Each generally weighs in the range of 100 gm. Such 
symmetric contraction must be differentiated from that 
caused by chronic pyelonephritis, which generally shows 
more irregular and asymmetric contraction. On section, the 
cortex is thinned and there is increase in peripelvic fat. The 
glomerular histology depends on the stage of the disease. 
In early cases, the glomeruli may still show evidence of the 
primary disease, e.g., membranous or menbranoproliferative 
GN. However, there eventually ensues hyaline obliteration 
of glomeruli, transforming them into acellular eosinophilic 
PAS-positive masses (Fig. 21—28). The nature of the hyaline 
material is not well understood, but it appears to represent 
a combination of trapped plasma proteins, increased mes- 
angial matrix, basement membrane-like material, and col- 
lagen. Cases seen in the end stage of advanced glomerular 
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Figure 21-28. Chronic glomerulonephritis. Glomeruli are totally 
replaced by hyaline connective tissue. 


hyalinization provide no clues as to their origin. Because 
hypertension is an accompaniment of chronic GN, arterial 
and arteriolar sclerosis may be conspicuous. Marked atrophy 
of associated tubules, irregular interstitial fibrosis, and lym- 
phocytic infiltration also occur. The secondary vascular, 
tubular, and interstitial changes in end-stage renal failure 
may make it difficult to determine that the primary disease 
was GN rather than an interstitial or vascular process. 

Kidneys from patients with end-stage disease on long- 
term dialysis exhibit a variety of so-called “dialysis changes” 
that are unrelated to the primary disease.®* These include 
arterial intimal thickening caused by accumulation of smooth 
muscle—like cells and a loose, proteoglycan-rich stroma; 
calcification, most obvious in glomerular tufts and tubular 
basement membranes; extensive deposition of calcium ox- 
alate crystals in tubules and interstitium; acquired cystic 
disease (p. 1002); and increased numbers of renal adeno- 
mas and borderline adenocarcinomas. 

Patients dying with GN also exhibit pathologic changes 
outside the kidney that are related to the uremic state and 
are also present in other forms of chronic renal failure (p. 
996). Often clinically important, these include uremic peri- 
carditis, uremic gastroenteritis, secondary hyperpara- 
thyroidism with nephrocalcinosis and renal osteodys- 
trophy, left ventricular hypertrophy due to hypertension, 
and pulmonary changes often ascribed to uremia 
(uremic pneumonitis). 


CLINICAL Course. In most patients, chronic GN 
develops insidiously and slowly progresses to death in 
uremia over a span of years or possibly decades. Not 
infrequently, patients present with such nonspecific 
complaints as loss of appetite, anemia, vomiting, or 
weakness. In some, the renal disease is suspected with 
the discovery of proteinuria, hypertension, or azotemia 
on routine medical examination. In others, the under- 
lying renal disorder is discovered in the course of 
investigation of edema. Most patients are hypertensive, 
and sometimes the dominant clinical manifestations are 
cerebral or cardiovascular. In all, the disease is relent- 
lessly progressive, although at widely varying rates. In 
some patients, the slow progression is punctuated by 
bouts of active nephritis with its attendant hematuria, 
red cell casts, and oliguria. In other instances, episodes 
of marked proteinuria may evoke the nephrotic syn- 
drome, but in general, as the disease advances and the 
glomeruli become obliterated, the protein loss in the 
urine diminishes and so does the likelihood of nephrotic 
episodes. If such patients are not maintained on contin- 
ued dialysis or if they do not receive a renal transplant, 
the outcome is invariably death. 

Table 21-6 summarizes the main clinical and his- 
tologic features of the major forms of primary GN. 


GLOMERULAR LESIONS ASSOCIATED WITH 
SYSTEMIC DISEASE 


Many immunologically mediated, metabolic, or he- 
reditary systemic disorders are associated with glomer- 
ular injury, and in some, e.g., SLE and diabetes mel- 
litus, the glomerular involvement is a major clinical 
manifestation. Most of these diseases have been dis- 
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Table 21-6. SUMMARY OF MAJOR PRIMARY GLOMERULONEPHRITDES 
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Disease 


Poststreptococcal 
glomerulonephritis 


Goodpasture’s syndrome 


Most Frequent 
Clinical 
Presentation 


Acute nephritis 


Rapidly progressive 
GN 


Pathogenesis 


Antibody-mediated; 
circulating or 
planted antigen 


Anti-GBM 


Light 
Microscopy 


Diffuse proliferation; 


leukocytic 
infiltration 


Proliferation; 
crescents 


Pathology 
Fluorescence 
Microscopy 


Granular IgG and 
C3 in GBM and 
mesangium 


Linear IgG and C3; 
fibrin in crescents 


Electron 
Microscopy 


Subepithelial 
humps 


No deposits; GBM 
disruptions; fibrin 


Idiopathic RPGN Rapidly progressive Mixed (see text) Proliferation; 25% linear No deposits 
GN focal necrosis; 25—50% granular Deposits may be 
-erescents IgG + C3 present 
25-50% negative No deposits 
or equivocal 
Membranous Nephrotic syndrome Antibody- Diffuse capillary Granular IgG and Subepithelial 
glomerulonephritis mediated;? In situ. wall thickening C3; diffuse deposits 
Lipoid nephrosis Nephrotic syndrome Unknown, loss of Normal; lipid in Negative Loss of foot 
glomerular tubules processes; no 
polyanion deposits. 
Focal segmental Nephrotic Unknown Focal and Focal; IgM and C3 __sLoss of foot 
glomerulosclerosis syndrome; non- segmental processes; 
nephrotic sclerosis and epithelial damage 
proteinuria hyalinosis 
Membrano- Type | Nephrotic syndrome (I) Immune complex Mesangial (l) IgG + C3; (1) Subendothelial 
proliferative Type Il Hematuria proliferation; Ci + C4 deposits; 
glomerulonephritis Chronic renal (Il) Immune basement (Il) C3 + IgG; 
failure complex; membrane no Ci and C4 (Il) Dense-deposit 
alternate thickening; disease 
complement splitting 
pathway 
activation 
IgA nephropathy Recurrent Unknown; see text Focal proliferative IgA + IgG, M, and Mesangial and 
hematuria and/or GN; mesangial C3 in mesangium paramesangial 
proteinuria widening dense deposits 


Chronic glomerulonephritis Chronic renal Variable 


failure 


Hyalinized glomeruli Granular or —~ — 
negative 


cussed elsewhere in this book. Here we shall briefly 
recall some of the lesions and discuss only those not 
considered in other sections. 


Systemic Lupus Erythematosus 


The various types of lupus nephritis are described 
and illustrated in detail on page 184. As discussed, SLE 
gives rise to a heterogeneous group of lesions and clinical 
presentations. The clinical manifestations include re- 
current microscopic or gross hematuria, acute nephritis, 
the nephrotic syndrome, and hypertension. Histologi- 
cally, glomerular changes have been separated by the 
World Health Organization (WHO) into five groups. 

No RENAL Lesions (WHO Cass 1). This refers to 
glomeruli that are normal by light microscopy or show 
no mesangial deposits of immunoglobulin and comple- 
ment by immunofluorescence microscopy. Such patients 
are usually asymptomatic. 

MESANGIAL Lupus NeEpuaitis (WHO Crass Il). This 
lesion occurs in 5 to 10% of biopsies. Patients may 
exhibit slight microscopic hematuria or proteinuria and 


normal renal function. The glomeruli are either normal 
(Class IIa) or show slight increase in mesangial cells, 
with mild diffuse mesangial prominence by light mi- 
croscopy (Class IIb). However, all these biopsies show 
deposition of IgG and C8 in a granular fashion in the 
mesangium, even in glomeruli that appear normal by 
light microscopy. These deposits are also seen by elec- 
tron microscopy. 

FOCAL PROLIFERATIVE GLOMERULONEPHRITIS 
(WHO CLass Ill). This type is observed in about one- 
third of patients on initial biopsy, and consists of focal 
and segmental proliferation (often in the mesangium). 
Fibrin, hyalin thrombi, and fragmented nuclei (nuclear 
dust) and necrosis may be present within the focal 
lesions, which in later stages undergo sclerosis and 
fibrosis. Clinically, patients with this lesion usually have 
microscopic hematuria and proteinuria. Although it was 
once thought that such patients have a benign course, 
many studies show that some progress to diffuse and/or 
chronic renal insufficiency. 

DIFFUSE PROLIFERATIVE GLOMERULONEPHRITIS 
(WHO Cass IV). This is the most frequent lesion, 
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occurring in 50% of patients with SLE and characterized 
histologically by diffuse proliferation and leukocytic in- 
filtration (Fig. 5-19, p. 185). Nuclear fragmentation, 
hyalin thrombi, fibrin deposits, and foci of necrosis are 
common. In some patients there is, in addition, mem- 
branous thickening; thus the lesion may resemble mem- 
branoproliferative glomerulonephritis. Fluorescence 
microscopy shows large nodular deposits of immuno- 
globulins and complement in the mesangium and the 
peripheral capillary loops. There is strong staining for 
Clq and C4. Electron microscopy shows the massive 
deposits in the mesangium, in the subepithelial region 
and particularly in the subendothelial space. The sub- 
endothelial deposits are characteristic of active prolif- 
erative lupus nephritis and, indeed, cause the wire-loop 
lesions seen by light microscopy (Fig. 5-21A, p. 186). 

Patients with diffuse proliferative lupus GN usually 
have a symptomatic nephritic syndrome, with hyperten- 
sion and reduction of GFR, but about 25% have either 
mild or no clinical renal abnormalities. This is a common 
and sometimes serious type of nephritis, especially when 
associated with signs of “activity” such as subendothelial 
deposits, fibrinoid change, and crescents. Therapy with 
corticosteroids and immunosuppressive agents has a 
beneficial effect, but recurrences occur. Progression to 
chronic renal failure is now much less common than in 
the past. 

DiFFUSE MEMBRANOUS GN (WHO Cass V). In this 
type, the lesions resemble those seen in membranous 
GN described earlier, and patients tend to have recur- 
rent proteinuria or nephrotic syndrome. In the pure 
membranous type of lupus nephritis, subendothelial 
deposits are infrequent or absent. This type accounts 
for only 10% of lupus nephritis and generally has a 
much better prognosis than the diffuse proliferative GN. 
In one study only two of 28 patients developed pro- 
gressive renal failure over a follow-up period of 12 years. 

Although these types of lupus nephritis have been 
presented separately, one type occasionally may trans- 
form to another in the course of the disease in the same 
patient. In particular, focal proliferative GN transforms 
fairly often to the diffuse type. 
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Henoch-Schonlein Purpura 


This syndrome consists of purpuric skin lesions 
characteristically involving the extensor surfaces of arms 
and legs as well as buttocks; abdominal manifestations 
including pain, vomiting, and intestinal bleeding; non- 
migratory arthralgia; and renal abnormalities. Not all 
components of the syndrome need be present and 
individual patients may have purpura, abdominal pain, 
or urinary abnormalities as the dominant feature. The 
disease is most common in children 3 to 8 years old, 
but also occurs in adults, in whom the renal manifesta- 
tions are usually more severe. There is a strong back- 
ground of atopy in about one-third of patients. The 
onset often follows an upper respiratory infection. Renal 
manifestations occur in one-third of patients and include 
gross or microscopic hematuria, proteinuria, and ne- 


phrotic syndrome. A small number of patients, mostly 
adults, develop a rapidly progressive form of GN with 
many crescents. 

Histologically, the renal lesions vary, according to 
the severity of the disease, from mild focal mesangial 
proliferation to diffuse mesangial proliferation to rather 
typical crescentic GN. Whatever the histologic lesions, 
the prominent feature by fluorescence microscopy is the 
deposition of IgA, sometimes with IgG and C3 in the 
mesangial region in a distribution similar to that de- 
scribed for IgA nephropathy.*’ This has led to the belief 
that Berger's disease and Henoch-Schénlein purpura 
are perhaps spectra of the same disease. The skin lesions 
consist of subepidermal hemorrhages and a necrotizing 
vasculitis involving the small vessels of the dermis. IgA 
is also present in such vessels. Vasculitis can also occur 
in other organs such as the gastrointestinal tract, but is 
rare in the kidney. Although the pathogenesis of Hen- 
och-Schélein purpura is unknown, the same types of 
speculations presented for IgA nephropathy apply. 

The course of the disease is quite variable, but 
recurrences of hematuria may persist for many years 
after onset. Patients with the more diffuse lesions or 
with NS have a somewhat poorer prognosis, and renal 
failure occurs in those with the crescentic lesions. 


Bacterial Endocarditis 


Glomerular lesions occurring in the course of sub- 
acute bacterial endocarditis have long been known and 
were termed “focal embolic GN.” It is now clear, 
however, that these lesions are not embolic in nature 
and simply represent a type of immune complex ne- 
phritis initiated by bacterial antigen-antibody complex. 
Clinically, hematuria and proteinuria of various degrees 
characterize this entity, but an acute nephritic presen- 
tation is not uncommon, and even rapidly progressive 
GN may occur in rare instances. It must be apparent 
by now that the histologic lesions, when present, gen- 
erally reflect these clinical manifestations. Milder forms 
have a focal and segmental necrotizing GN, whereas 
more severe ones exhibit a diffuse proliferative GN, and 
the rapidly progressive forms show large numbers of 
crescents. GN in acute endocarditis is rare, except in 
some patients with coagulase-positive Staphylococcus 
aureus endocarditis in whom a diffuse proliferative GN 
occurs (p. 1007).°° 


Diabetic Glomerulosclerosis and Diabetic 
Nephropathy 


Diabetes mellitus is a major cause of renal morbid- 
ity and mortality. End-stage kidney disease occurs in 
up to 30% of juvenile diabetics and accounts for 20% of 
deaths in patients under age 40.% By far the most 
common lesions involve the glomeruli and are associated 
clinically with three glomerular syndromes, including 
non-nephrotic proteinuria, nephrotic syndrome, and 
chronic renal failure. However, diabetes also affects the 
arterioles, causing arteriolar sclerosis; increases suscep- 


tibility to the development of pyelonephritis, and par- 
ticularly papillary necrosis; and causes a variety of 
tubular lesions. The term diabetic nephropathy is ap- 
plied to the conglomerate of lesions that often occur 
concurrently in the diabetic kidney. 


DIABETIC GLOMERULOSCLEROSIS 


Proteinuria, sometimes in the nephrotic range, 
occurs in about 55% of juvenile- and 30% of adult-onset 
diabetics. It is usually discovered 12 to 22 years after 
the clinical appearance of diabetes, and (particularly in 
juvenile diabetics) often heralds the progressive devel- 
opment of chronic renal failure ending in death or end- 
stage disease within a period of four to five years. The 
morphologic changes in the glomeruli include (1) capil- 
lary basement membrane thickening, (2) diffuse diabetic 
glomerulosclerosis, and (3) nodular glomerulosclerosis.” 


MORPHOLOGY. Capillary Basement Membrane 
Thickening. Widespread thickening of the glomerular cap- 
illary basement membrane occurs in virtually all diabetics, 
irrespective of the presence of proteinuria, and is part and 
parcel of the diabetic microangiopathy described earlier (p. 
982). Pure capillary basement membrane thickening can be 
detected only by electron microscopy. Careful morphometric 
studies demonstrate that this thickening begins as early as 
two years after the onset of juvenile diabetes, and by five 
years amounts to about a 30% increase.'” The thickening 
continues progressively, and usually concurrently with mes- 
angial widening (Fig. 20—21, p. 983). Simultaneously there 
is thickening of the tubular basement membranes. 

Diffuse Glomerulosclerosis. This consists of diffuse 
increase in mesangial matrix with proliferation of mesangial 
cells, and is always associated with the overall thickening of 


Figure 21—29. Early diffuse diabetic glomerulosclerosis with accen- 
tuation of axial framework of glomerular tuft. (Courtesy of Dr. Merle 


Legg.) 
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Figure 21-30. Diffuse and nodular diabetic glomerulosclerosis (PAS 


Stain). Note diffuse increase in mesangial matrix and characteristic 
acellular PAS-positive nodule. 


the GBM described earlier. The increase in mesangial vol- 
ume appears to lag slightly behind basement membrane 
widening, but becomes pronounced after ten to 20 years of 
diabetes. The matrix depositions are PAS positive. The 
changes almost always begin in the vascular stalk and 
sometimes seem continuous with the invariably present 
hyaline thickening of arterioles (Fig. 21-29). As the disease 
progresses, the mesangial areas expand further and oblit- 
erate the mesangial cells, gradually filling the entire glomer- 
ulus (obliterative diabetic glomerulosclerosis). Immuno- 
fluorescence microscopy often shows a linear pattern of 
staining for plasma proteins (both albumin and globulins), a 
reflection of the binding of these proteins to the diabetic 
GBM rather than of anti-GBM disease. Although the severity 
of diffuse glomerulosclerosis correlates well with proteinuria 
and progression to renal failure, the lesion is not pathogno- 
monic of diabetes by light microscopy, as it may resemble 
some stages of glomerulonephritis.** However, the presence 
of dominant arteriolar hyalinization, the linear pattern of 
fluorescence for globulins and albumin, and the absence of 
granular immune reactants in the glomerulus aid in differ- 
entiating glomerulonephritis from diabetic glomeruloscle- 
rosis. 

Nodular Glomerulosclerosis. This is also known as 
intercapillary glomerulosclerosis or Kimmelstiel-Wilson dis- 
ease. The glomerular lesions take the form of ovoid or 
spherical, often laminated, hyaline masses situated in the 
periphery of the glomerulus. They lie within the mesangial 
core of the glomerular lobules and often are surrounded by 
peripheral patent capillary loops (Fig. 21-30). Usually, not 
all the lobules in the individual glomerulus are involved. 
Uninvolved lobules and glomeruli all show striking dif- 
fuse glomerulosclerosis. The nodules are PAS positive; 
contain lipids and fibrin; and have the same composition as 
the matrix deposits of diffuse glomerulosclerosis. Often they 
contain trapped mesangial cells. As the disease advances, 
the individual nodules enlarge and eventually compress and 
engulf capillaries, obliterating the glomerular tuft (Fig. 21- 
31). Eventually the entire glomerular structure assumes a 
hyaline, sclerotic appearance. As a consequence of the 
glomerular involvement, whether it be diffuse or nodular, the 
kidney suffers from ischemia, develops tubular atrophy and 
increased interstitial fibrosis, and undergoes overall contrac- 
tion in size, accompanied by pallor and a fine granularity of 
the cortical surface. 
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Figure 21-31. Electron micrograph of advanced diabetic glomerulosclerosis. Note massive increase 
in mesangial matrix (Mes) encroaching on glomerular capillary lumina (CL). GBM and Bowman's 
Capsule (C) are markedly thickened. Ep = epithelium; E = endothelium. 


Although the relationship between nodular glomerulo- 
sclerosis and the diffuse lesion is still somewhat controver- 
sial, most workers believe them to be fundamentally similar 
lesions of the mesangium. The nodular lesion, however, is 
virtually pathognomonic of diabetes, if care is taken to 
exclude membranoproliferative (lobular) GN and the GN 
associated with light-chain nephropathy (p. 1026). Approxi- 
mately 15 to 30% of long-term diabetics develop nodular 
glomerulosclerosis, and in most instances it is associated 
with renal failure. It is rarely encountered in those who have 
had diabetes for less than ten years, except perhaps in a 
few juvenile diabetics with rapidly advancing disease. 

Minor Lesions. ‘“Exudative lesions” (fibrin caps and 
capsular drops) constitute another form of glomerular in- 
volvement seen in the diabetic. The fibrin cap appears as 
a homogeneous, brightly eosinophilic, crescentic deposit 
overlying a peripheral capillary of a lobule. With high reso- 
lution, the deposit is found to lie either trapped between the 
endothelial cells and the basement membrane of the capil- 
lary or outside the basement membrane under the visceral 
epithelial cells. It appears to represent a condensate of 
plasma proteins, and may be merely a reflection of the heavy 
proteinuria sometimes encountered in the diabetic as a 
consequence of widespread glomerular membrane altera- 
tions. Fibrin caps are also encountered in the nondiabetic. 
The capsular drop appears as an eosinophilic, focal thick- 
ening of the parietal layer of Bowman’s capsule, which 
apparently hangs into the uriniferous space. The capsular 
drop is PAS positive and contains plasma proteins. Neither 
the fibriri cap nor the capsular drop has significance in terms 
of causing renal functional impairment, but the capsular 
drop, when identified in tissue sections, is characteristic of 
diabetes. 


PATHOGENESIS OF DIABETIC GLOMERULOSCLE- 
ROSIS. The pathogenesis of diabetic glomerulosclerosis 


is intimately linked with that of the generalized diabetic 
microangiopathy, discussed on page 982. The principal 
points to remember are as follows: 

1. Some investigators still believe that the base- 
ment membrane thickening and the metabolic distur- 
bances are separate genetic defects in diabetics, but the 
bulk of the evidence suggests that diabetic glomerulo- 
sclerosis is caused by the metabolic defect, i.e., the 
insulin deficiency, or the resultant hyperglycemia, or 
some other aspects of glucose intolerance (p. 985). 

2. Biochemical alterations in diabetic GBM have 
been described,* '!” including increased amount and 
synthesis of collagen type IV and decreased synthesis of 
proteoglycan heparan sulfate.'®’ Theoretically, the latter 
can account for the loss of barrier function of the 
glomerulus’ One recent speculation is that the actual 
thickening of the GBM and the accumulation of mes- 
angial matrix are due to compensatory increased syn- 
thesis of defective GBM and mesangial matrix.'” 

3. Nonenzymatic glycosylation of proteins, known 
to occur in diabetics and exemplified by hemoglobin 
AIC (p. 983), may theoretically contribute to the glo- 
merulopathy. Glycosylation of plasma proteins, or endo- 
thelial and epithelial cell membrane proteins, or any of 
the components of the GBM proper may explain both 
the increased glomerular permeability and the biochem- 
ical alterations to the GBM. These possibilities are being 
investigated currently. 

4. One novel explanation for the initiation or mod- 
ulation of diabetic glomerulosclerosis involves the “hy- 
perfiltration” mechanism discussed earlier (p. 1007). It 
is well-known that early onset juvenile diabetics, partic- 
ularly those with imperfectly controlled hyperglycemia, 


have an increased GFR and an increase in filtration area 
in the glomerulus.!”! Hyperfiltration has been observed 
in experimental streptozotocin-induced diabetes in rats, 
where it is associated with proteinuria and can be 
reversed by diabetic control.‘ There is some experi- 
mental evidence that the contractile ability of mesangial 
cells is reduced by a hyperglycemic or insulin-deficient 
environment;!” this could result in glomerular vasodil- 
atation and an increase in intraglomerular plasma flow, 
filtration pressure, and hyperfiltration. Could it be that 
the subsequent morphologic alterations in the mesan- 
gium are somehow influenced by these hemodynamic 
changes, akin to the situation in the adaptive responses 
to reductions in renal mass described earlier? 

Although the pathogenesis of diabetic glomerulop- 
athy still eludes us, the recent interesting leads on 
nonenzymatic glycosylation, the biochemical GBM al- 
terations, and the possible role of hyperfiltration may 
soon clarify at least parts of the puzzle. 


OTHER MANIFESTATIONS OF DIABETIC 
NEPHROPATHY 


Atherosclerosis and Arteriolosclerosis. Although gen- 
eralized in the diabetic, these vascular changes often involve 
the kidneys more severely than other organs. Atheromas in 
the renal arteries or its major branches may cause either 
generalized ischemia and contraction or focal infarcts. Ad- 
vanced hyaline arteriolosclerosis can affect not only the 
afferent but also the efferent arterioles. It is almost inevitably 
accompanied by diffuse glomerulosclerosis and clearly con- 
tributes to the progressive renal scarring seen in end-stage 
kidney disease. The frequency of hypertension is markedly 
increased in diabetics as opposed to nondiabetics. 

Pyelonephritis. The incidence of acute pyelonephritis 
(p. 1030) at autopsy in diabetics is higher than that in 
nondiabetics, probably as a manifestation of the final illness. 
However, whether diabetics have a greater susceptibility to 
urinary tract infection than controls is questionable. One 
special pattern of acute pyelonephritis, known as papillary 
necrosis (p. 1032), is particularly prone to develop in 
diabetic patients. The acute bacterial infection within the 
renal pyramids, and the impaired circulation to the papilla 
engendered by the vascular sclerosis, induce an infarct-like 
necrosis of the distal segment. One or more papillae may 
be involved, unilaterally or bilaterally. When both kidneys 
are totally involved, the selective destruction of the collecting 
tubules almost always leads to acute renal failure and death 
in uremia. Less frequently, there is subtotal involvement, 
and the necrotic papillae may either slough off or appear for 
the first time at autopsy. 


CLINICAL COURSE OF DIABETIC NEPHROPATHY. The 
clinical manifestations of diabetic nephropathy are 
linked to those of diabetes in general, as discussed on 
page 985. Glomerular involvement is associated with 
proteinuria, which may be mild and asymptomatic ini- 
tially but gradually increases to nephrotic levels in some 
patients. The increased GFR typical in early-onset dia- 
betics is then followed by progressive loss of GFR, 
leading to end-stage renal failure within a period of five 
years. 
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Associated with this progression is the development 
of hypertension, retinopathy, and neuropathy. The dis- 
ease is more frequent, more severe, and more progres- 
sive in juvenile-onset (insulin-dependent) diabetics. 
Whether precise control of the blood sugar in diabetes 
will prevent the glomerulopathy is one of the unan- 
swered questions in clinical medicine (p. 985). At pres- 
ent the vast majority of patients with end-stage diabetic 
nephropathy are maintained on long-term dialysis, and 
a few receive renal transplantation. Diabetic lesions may 
recur in the renal allografts, but whether these will 
eventually result in progressive loss of graft function is 
still unknown. 


Amyloidosis 


Disseminated amyloidosis, whether it conforms to 
the so-called primary or secondary pattern of distribu- 
tion, may be associated with deposits of amyloid within 
the glomeruli (p. 202). The typical amyloid fibrils are 
present within the mesangium and subendothelium, 
and occasionally within the subepithelial space. Even- 
tually, they obliterate the glomerulus completely. Recall 
that deposits of amyloid also appear in blood vessel 
walls and in the kidney interstitium. Amyloid can be 
detected on light microscopy by special stains, particu- 
larly by the characteristic birefringence after staining 
with Congo red. Patients with glomerular amyloid may 
present with heavy proteinuria or the nephrotic syn- 
drome, and later, with destruction of glomeruli, die in 
uremia. Characteristically, kidney size tends to be either 
normal or slightly enlarged. 


Other Systemic Disorders 


Goodpasture’s syndrome (p. 1010), polyarteritis no- 
dosa (p. 520), and Wegener's granulomatosis (p. 523) 
are commonly associated with glomerular lesions and 
have been discussed earlier. Suffice it to say here that 
the glomerular lesions in these three conditions can be 
very similar. In the early or mild forms of involvement 
there are focal and segmental, sometimes necrotizing, 
GN and most of these patients will have hematuria with 
rather mild decline in GFR. In the more severe cases 
associated with rapidly progressive GN, there are also 
extensive necrosis, fibrin deposition, and the formation 
of epithelial crescents. It should be recalled, however, 
that these diseases have different pathogenetic mecha- 
nisms. Goodpasture’s syndrome is mediated by anti- 
GBM antibodies and exhibits linear fluorescence of 
immunoglobulin and complement, whereas polyarteritis 
nodosa and Wegener's granulomatosis are of somewhat 
more obscure etiology, although immune complexes are 
frequently present in the former. 

Essential mixed cryoglobulinemia is another rare 
systemic condition in which deposits of cryoglobulins 
composed principally of IgG—IgM complexes induce 
cutaneous vasculitis, synovitis, and focal or diffuse pro- 
liferative glomerulonephritis.'® 

Plasma cell dyscrasias (p. 688) may also induce 
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glomerular lesions. Multiple myeloma is associated with 
(1) amyloidosis, (2) deposition of monoclonal cryoglob- 
ulins in glomeruli, and (8) peculiar nodular lesions 
resembling nodular diabetic glomerulosclerosis and as- 
cribed to the deposition of nonfibrillar light chains. This 
light-chain nephropathy also occurs in the absence of 
overt myeloma, usually associated with deposition of 
kappa chains in glomeruli.’ The glomeruli show PAS- 
positive mesangial nodules, lobular accentuation, and 
mild mesangial hypercellularity and need to be differ- 
entiated from diabetic nodules and membra- 
noproliferative GN. These patients usually present with 
proteinuria or the nephrotic syndrome, hypertension, 
and slowly progressive azotemia. 
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HEREDITARY NEPHRITIS 


Hereditary nephritis refers to a group of hereditary- 
familial renal diseases associated primarily with glomer- 
ular injury. The clinical, pathologic, and genetic features 
of the various types appear to be heterogeneous. The 
most well-studied entity is so-called Alport’s syndrome, 
the name usually given to the disease in which nephritis 
is accompanied by nerve deafness and various eye 
disorders, including lens dislocation, posterior cata- 
racts, and corneal dystrophy. Males tend to be affected 
more frequently and more severely than females and 
are more likely to progress to renal failure. Females, 
however, are not completely spared. The most common 
presenting sign is gross or microscopic hematuria, fre- 
quently accompanied by erythrocyte casts. Proteinuria 
may occur and, rarely, the nephrotic syndrome devel- 
ops. Symptoms appear at ages 5 to 20 and the onset of 
overt renal failure is between ages 20 and 50.!!° The 
auditory defects may be subtle, requiring extensive 
testing. The mode of inheritance in most kindreds is 
autosomal dominant. In some families a sex-linked dom- 
inant mode of genetic transmission is seen. 


Histologically, the glomeruli are always involved. The 
most common early lesion is segmental proliferation and/or 
sclerosis. There is increase in mesangial matrix, and in 
some patients the persistence of fetal-like glomeruli. In some 
kidneys, glomerular or tubular epithelial cells acquire a foamy 
appearance due to accumulation of neutral fats and muco- 
polysaccharides (foam cells). At one time these were 
thought characteristic of Alport’s syndrome, but it is now 
Known that they can be present in other glomerular diseases, 
particularly those associated with NS. As the disease pro- 
gresses, there is increasing glomerulosclerosis, vascular 
narrowing, tubular atrophy, and interstitial fibrosis. With the 
electron microscope, characteristic basement membrane 
lesions are found in some (but not all) patients with hereditary 
nephritis. The basement membrane shows irregular foci of 
thickening or attenuation, with pronounced splitting and 
lamination of the lamina densa (Fig. 21-32). Similar altera- 
tions are found in the tubular basement membranes. Al- 
though such basement membrane changes may be seen 
focally in diseases other than hereditary nephritis, they are 
most widespread and pronounced in patients with this dis- 
order. 


Figure 21-32. Hereditary nephritis. Electron rilecearaoh of nlsmee 
ulus with irregular thickening of basement membrane, lamination of 
lamina densa, and foci of rarefaction. Such changes may be present 
in other diseases but are most pronounced and widespread in 
hereditary nephritis. CL = capillary lumen; EP = epithelium. 


The nature of the basement membrane defect is 
not clear, but it is most likely the result of a disturbance 
in the synthesis of some GBM component. Indeed, 
glomeruli of some patients with familial nephritis lack 
the “Goodpasture’s” antigen; i.e., they fail to react with 
anti-GBM antibodies derived from patients with Good- 
pasture’s syndrome." 

In addition to Alport’s syndrome, other forms of 
familial and hereditary nephritides (without nerve deaf- 
ness or ocular abnormalities) also occur with reasonable 
frequency, but genetic, clinical, and morphologic fea- 
tures in these are not well defined. 


DISEASES OF TUBULES 


Under this heading we will discuss acute tubular 
necrosis and a limited number of alterations that affect 
the proximal or distal tubular segments. In point of fact, 
most types of injury affecting the tubules also involve 
the interstitial tissue, and thus are discussed later under 
tubulointerstitial diseases. 


ACUTE TUBULAR NECROSIS (ATN) AND ACUTE 
RENAL FAILURE 


Acute tubular necrosis is a major cause of acute 
renal failure (ARF). The latter term refers to a syndrome 
associated with acute suppression of renal function, 
often accompanied by severe oliguria and, rarely, anu- 
ria. ARF can be caused by diverse clinical conditions 
that include the following: 

1. Organic involvement of renal vessels. ARF may 
be caused by diffuse involvement of the intrarenal 
vessels, such as in polyarteritis nodosa, malignant hy- 
pertension, and the hemolytic uremic syndrome. In rare 
instances, ARF may be due to bilateral occlusion of 


renal arteries by thromboemboli or by external compres- 
sion. 

2. Severe glomerular disease such as rapidly pro- 
gressive glomerulonephritis. 

3. Acute tubulointerstitial nephritis, most com- 
monly occurring as a hypersensitivity to drugs (p. 1036). 

4. Massive infection (pyelonephritis), especially 
when accompanied by papillary necrosis (p. 1032). 

5. Disseminated intravascular renal coagulation 
with cortical necrosis of the kidneys (p. 1050). 

6. Urinary obstruction by tumors, prostatic hyper- 
trophy, or blood clots (so-called postrenal acute renal 
failure). 

7. Acute tubular necrosis. 

Acute tubular necrosis (ATN) is the designation for 
all forms of acute renal failure associated with destruc- 
tion of tubular epithelial cells. Two distinctive patterns 
were defined by Oliver in his classic studies.’? (1) 
Ischemic or tubulorrhectic ATN occurs in cases that 
have in common a preceding hypotensive episode 
(shock), causing severe renal ischemia. (2) Nephrotoxic 
ATN results from the ingestion, injection, or inhalation 
of some toxic agent that directly damages tubular cells, 
principally those in the proximal segments of the 
nephron. It must be emphasized at the outset that, 
although morphologic evidence of tubular necrosis is 
obvious in the nephrotoxic form, it is quite focal, mild, 
and often subtle in ischemic ATN. Clinical recognition 
of ATN is of particular importance because it represents 
a reversible disorder compatible with full recovery of 
renal lesions and of the patient. 

Ischemic ATN appears most often after an episode 
of shock produced by severe bacterial infections; large 
cutaneous burns; massive crushing injuries; or any med- 
ical, surgical, or obstetric event complicated by periph- 
eral circulatory collapse. ATN is surprisingly uncommon 
when the shock is due to massive hemorrhage alone, 
e.g., following rupture of an aneurysm or laceration of 
a large artery. Mismatched blood transfusions or massive 
hemolysis from any cause may also lead to this form of 
renal tubular lesions. Hence, the ischemic pattern of 
ATN has also been called “shock kidneys” and “hemo- 
globinuric nephrosis. ” 


Ischemic ATN is characterized by focal tubular ne- 
crosis at multiple points along the nephron, with large 
skip areas in between, often accompanied by rupture of 
basement membranes (tubulorrhexis) and occlusion of 
tubular lumina by casts. (Fig. 21-33). Nephron microdis- 
section studies show that relatively small lengths of tubules 
are affected.''? The straight portion of the proximal tubule is 
especially vulnerable, but focal necrotic lesions may also 
occur in the distal nephron, often in conjunction with casts. 
Although tubular necrosis may be difficult to see in regular 
histologic sections, careful light microscopic studies show 
focal necrosis of single cells or small clusters of cells in over 
90% of cases.'’* In the non-necrotic portions, the tubules 
either may be dilated or may show ultrastructural alterations 
such as loss of the microvilli of proximal tubules. 

Eosinophilic hyaline casts, as well as pigmented gran- 
ular casts, are extremely common, particularly in distal 
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Figure 21-33. Patterns of tubular damage in ischemic and toxic 
ATN (adapted from microdissections by J. Oliver''?). In ischemic 
type, tubular necrosis is patchy, relatively short lengths of tubules 
are affected, and straight segments of proximal tubules (PST) are 
most vulnerable. In toxic ATN, extensive necrosis is present along 
proximal tubule segments (PCT). In both types, lumina of distal 
convoluted tubules (DCT) and collecting ducts (CD) contain casts. 
HL = Henle’s loop. (Courtesy of Dr. M. A. Venkatachalam, Univer- 
sity of Texas at San Antonio.) 


tubules and collecting ducts (Fig. 21-34). These casts con- 
sist principally of Tamm-Horsfall protein'’* (a specific urinary 
glycoprotein normally secreted by the cells of ascending 
thick limb and distal tubules) in conjunction with hemoglobin, 
myoglobin, and other plasma proteins. Other common find- 
ings in ischemic ATN are interstitial edema and accumula- 
tions of leukocytes within dilated vasa recta. In the absence 
of overt tubular necrosis, these latter two findings should 
raise the suspicion of ischemic acute renal failure. In patients 
who come to autopsy or who are biopsied after the first 
week of illness, there is often evidence of epithelial regen- 
eration: flattened epithelial cells with hyperchromatic nuclei 
and mitotic figures are often present. In the course of time, 
this regeneration repopulates the tubules so that if survival 
occurs no residual evidence of damage can be seen. Glo- 
meruli are remarkably normal, even by electron microscopy, 
although fibrin deposition and platelet thrombi have been 
reported in some cases. 


Nephrotoxic ATN is caused by a wide variety of 
renal poisons, including heavy metals (mercury, lead, 
gold, arsenic, bismuth, chromium, uranium), organic 
solvents (carbon tetrachloride, chloroform, methyl al- 
cohol), phenol, antibacterial agents (polymyxin, neo- 
mycin, sulfonamides, methicillin), anesthetics (methoxy- 
flurane), mushroom poisoning, ethylene glycol, and 
pesticides. 


Characteristic of toxic ATN is acute necrosis, most 
prominent in the proximal convoluted tubules (Figs. 21— 
33 and 21-35). The kidneys, when examined during the 
acute phase of the poisoning, are swollen and pale. Histo- 
logically, the tubular necrosis may be entirely nonspecific 
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Figure 21-34. Ischemic ATN. Granular pigment casts are seen in 
collecting tubules. Some of the tubular epithelial cells in affected 
tubules are necrotic, whereas others are flattened, stretched out, 
and regenerating. 


but is somewhat distinctive in poisoning with certain agents. 
With mercuric chloride, for example, severely injured cells 
not yet dead may contain large acidophilic inclusions. Later, 
these cells become totally necrotic, are desquamated into 
the lumen, and may undergo striking calcification. Carbon 
tetrachloride poisoning, in contrast, is characterized by the 
accumulation of large amounts of neutral lipids in injured 
cells but, again, such fatty change is followed by necrosis. 
Ethylene glycol produces marked ballooning and hydropic 
or vacuolar degeneration of proximal convoluted tubules. 
Calcium oxalate crystals are often found in the tubular lumina 
in such poisoning. Whatever the etiology, if the patient 
Survives, epithelial regeneration occurs. In the course of 


Figure 21-35. Toxic ATN. In center, two tubules show loss and 
desquamation of epithelial cells. (Courtesy of Dr. Kim Solez, Johns 
Hopkins University.) 


time, this regeneration restores the tubules to their normal 
architecture. 

Two features differentiate nephrotoxic ATN from the 
ischemic pattern: (1) the tubular basement membranes 
are preserved and (2) the distal tubular segments of the 
nephron are generally spared. 


PATHOGENESIS. The sequence of events leading to 
acute renal failure and oliguria in ischemic or toxic renal 
failure has been the subject of extensive study and 
controversy.!!* Four principal mechanisms have been 
proposed: (1) failure of glomerular filtration due to 
decreased renal perfusion pressure or persistent pre- 
glomerular vasoconstriction, possibly related to the 
activity of the renin-angiotensin system; (2) destruction 
of the tubular integrity with leakage of tubular fluid into 
the interstitium (tubular back leak or tubular back 


flow); (3) tubular obstruction by either interstitial 


edema or intratubular casts; and (4) a direct effect on 
the permeability properties of the glomerular capillary 
wall. 

Evidence has been marshaled from numerous ex- 
perimental studies in favor of one or the other of these 
hypotheses. A possible scheme incorporating some of 
these mechanisms is summarized in Figure 21-36. It is 
thought that both ischemia and nephrotoxins initially 
induce some type of tubular damage. The latter has at 
least three consequences, each of which contributes to 
the eventual development of oliguria. (1) Arteriolar 
vasoconstriction. This has been variously ascribed to 
activation of vasoconstrictive agents (angiotensin, throm- 
boxane, catecholamines) or loss of vasodilator effects 
(prostaglandins, kallikrein), but how tubular damage 
triggers these events is unclear. Whatever the mecha- 
nism, vasoconstriction results in decreases in renal blood 
flow, glomerular filtration, tubular fluid flow, and oli- 
guria. (2) The necrotic debris from tubular cells, to- 
gether with proteinaceous material derived from either 
blood or tubular cells, results in cast formation. These 
casts increase proximal intratubular pressure and there- 
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Figure 21-36. Possible pathogenetic mechanisms in acute renal 
failure. Sequence of events 1, 2, 3, and 4 are described in text. 


fore further decrease GFR. (3) Back leak of tubular fluid 
into the interstitium, due to tubular damage, further 
decreases tubular fluid flow. The oliguria is thought to 
be the consequence of all these events. (4) Additionally, 
there is some evidence that ischemia or some toxins 
may directly affect glomerular ultrafiltration by some 
still unclear mechanism. Although some investigators 
argue for the primacy of one or the other of these 
mechanisms, it may be that a combination of all these 
effects in some individuals results in acute renal fail- 
ure.!® One or the other may predominate according to 
the inciting cause of ATN. 

CLINICAL CourRSE. The nephrotoxic and ischemic 
forms of ATN are important causes of acute and revers- 
ible renal failure. Although the course may be variable, 
four phases have been identified. The stage of onset 
lasting for about 36 hours is usually dominated by the 
inciting medical, ‘surgical, or obstetric event, or in the 
case of toxins by the extrarenal toxic manifestations of 
such chemicals. Although hypotension or frank shock is 
often a part of the picture, many patients with no 
apparent drop in blood pressure indeed develop ATN. 
The second or oliguric stage is characterized by decreas- 
ing urine output to between 50 and 400 ml per day. 
Anuria is distinctly unusual except in the presence of 
obstruction or a vascular catastrophe. The symptoms of 
fluid overload and uremia dominate this phase, which 
may last any time from a few days to as long as three 
weeks. Hyperkalemia becomes a life-threatening prob- 
lem requiring scrupulous clinical management. With 
appropriate attention to balance of water and blood 
electrolytes, including dialysis, the patient can be car- 
ried over this oliguric crisis. The third or early diuretic 
phase is heralded by a steady increase in urine volume 
that may reach up to 3 liters per day. The tubules are 
still damaged, so that large amounts of water, sodium, 
and potassium are lost in the urinary flood. Hypokale- 
mia, rather than hyperkalemia, becomes a clinical prob- 
lem. The serious electrolyte imbalances caused by de- 
ranged tubular function in the presence of marked 
diuresis account for death in this phase, commonly due 
to mismanagement of electrolyte balance. There is a 
peculiar increased vulnerability to infection at this stage. 
In the late diuretic phase, sometime in the third week, 
renal tubular function is restored with improvement in 
concentrating ability. At the same time, BUN and 
creatinine levels begin to return to normal. Subtle 
tubular functional impairment may persist for months, 
but most patients who reach the late diuretic phase 
eventually recover completely. 

The prognosis of ATN depends on the clinical 
setting surrounding its development. In general, it is 
much better in the nephrotoxic form of the disease 
when the toxin has not caused serious damage to other 
organs such as the liver or heart or to other systems. In 
these instances, 95% recovery is expected. Conversely, 
in shock related to overwhelming sepsis or caused by 
extensive burns and obstetrical, surgical, or medical 
emergencies, the mortality rate may rise to 80%. In 
large part, the excessive mortality is attributable not to 
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the acute renal failure per se but to the inability to 
control the underlying disease producing the shock 
state: e.g., massive myocardial infarction and cardi- 
ogenic shock or gram-negative sepsis. 

It should be noted that about one-fifth of patients 
with ATN may have normal or increased urine volumes. 
So-called nonoliguric ATN occurs particularly often with 
nephrotoxins such as methoxyflurane, and generally 
tends to follow a more benign clinical course. 


Tubulointerstitial Diseases 


TUBULOINTERSTITIAL DISEASES 


This group of renal diseases is characterized by 
histologic and functional alterations that involve pre- 
dominantly the tubules and interstitium.'? Glomerular 
and vascular abnormalities may also be present but 
either are mild or occur only in advanced stages of these 
diseases. The term interstitial nephritis is also commonly 
used for these disorders, since interstitial inflammation 
and fibrosis may be the major histologic changes. 
Whichever term one uses, the point to emphasize is 
that the group of tubulointerstitial diseases have diverse 
etiologies and different pathogenetic mechanisms (Table 
21-7). It is an important group, however, because it is — 
second only to chronic glomerulonephritis as a cause of 
chronic renal failure in man. 

The acute interstitial nephritides (AIN) have an 
acute clinical onset and are characterized histologically 
by interstitial edema, often accompanied by leukocytic 
infiltration and focal tubular necrosis. In chronic inter- 


Table 21-7. TUBULOINTERSTITIAL DISEASES 


Infections 
Acute bacterial pyelonephritis 
Chronic pyelonephritis (including reflux nephropathy) 
Other infections (viruses, parasites, etc.) 
Toxins 
Drugs 
Acute hypersensitivity interstitial nephritis (e.g., methicillin) 
Analgesic nephritis 
Heavy metals 
Lead, cadmium 
Others 
Metabolic Diseases 
Urate nephropathy 
Nephrocaicinosis (hypercalcemic nephropathy) 
Hypokalemic nephropathy 
Oxalate nephropathy 
Physical Factors 
Chronic urinary tract obstruction 
Radiation nephritis 
Neoplasms 
Multiple myeloma 
Immunologic Reactions 
Transplant rejection 
Tubulointerstitial disease associated with glomerulonephritis 
Sjégren’s syndrome 
Vascular Diseases 
Miscellaneous 
Balkan nephropathy 
Nephronophthisis—medullary cystic disease complex 
Other rare diseases (sarcoidosis) 
“Idiopathic” interstitial nephritis 
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stitial nephritis (CIN) there is infiltration with mono- 
nuclear cells, prominent interstitial fibrosis, and wide- 
spread tubular atrophy. When the etiologic agent is 
evident, the disorder is identified by cause or by asso- 
ciated disease (e.g., analgesic nephritis, irradiation ne- 
phritis). However, in some cases the etiologic agents 
are unknown and the term idiopathic tubulointerstitial 
nephritis is used. 

Clinically, this group is distinguished from the 
glomerular diseases by the absence, in early stages, of 
such hallmarks of glomerular injury as persistent pro- 
teinuria or nephrotic syndrome and by the presence of 
defects in tubular function. The latter may be quite 
subtle and include impaired ability to concentrate urine, 
evidenced clinically by polyuria or nocturia; salt wasting; 
diminished ability to excrete acids (metabolic acidosis); 
or isolated defects in tubular reabsorption or secretion. 
The advanced forms, however, may be difficult to 
distinguish clinically from other causes of renal insuffi- 
ciency. 

Some of the specific conditions listed in Table 21- 
7 are discussed elsewhere in this book. In this section 
we shall deal principally with pyelonephritis and inter- 
stitial diseases induced by drugs and shall briefly touch 
on some of the immunologically mediated tubular inter- 
stitial disorders. 


THE KIDNEY 


PYELONEPHRITIS (PN) AND URINARY TRACT 
INFECTION 


Pyelonephritis is a renal disorder affecting tubules, 
interstitium, and renal pelvis and is one of the most 
common diseases of the kidney. It occurs in two forms. 
Acute PN is caused by bacterial infection and is the 
renal lesion associated with urinary tract infection. 
Chronic PN is a more controversial disorder: bacterial 
infection plays a dominant role, but other factors (vesi- 
coureteral reflux, obstruction) are critically involved in 
its pathogenesis. 

The term urinary tract infection (UTI) implies 
involvement of either the bladder (cystitis) or the kid- 
neys and their collecting systems (pyelonephritis), or 
both. UTIs are extremely common disorders, second 
only to respiratory infections as causes of clinically 
significant morbidity due to infectious agents. It is 
important to realize, however, that bacterial infection 
of the urinary tract may be completely asymptomatic 
(asymptomatic bacteriuria) or may remain localized to 
the bladder without the development of renal infection. 
However, UTI always carries the potential of spread to 
the kidney, and it is often difficult clinically to distin- 
guish between infection that is confined to the bladder 
and that which also affects renal tissue. 

ETIOLOGY AND PATHOGENESIS. The dominant etio- 
logic agents, accounting for over 85% of cases of UTI, 
are the gram-negative bacilli that are normal inhabitants 
of the intestinal tract.!!* By far the most common is E. 
coli, followed by Proteus, Klebsiella, and Enterobacter. 
These species have a low order of virulence for most 


other tissues in the body. Streptococcus fecalis, also of 
enteric origin, and staphylococci can also produce renal 
infection; rare etiologies extend to virtually every other 
bacterial and fungal agent. In general, the less common 
enteric organisms as well as the nonenteric forms are 
encountered in special circumstances, e.g., infections 
following antimicrobial therapy or instrumentation of 
the urinary tract, those acquired in hospitals, or those 
secondary to septicemia. 

From serologic studies, it is known that in most 
patients with UTI, the infecting organisms are derived 
from the patient's own fecal flora. This is thus a form 
of endogenous infection. In the pathogenesis of PN, 
therefore, the questions to ask are: how do these rela- 
tively avirulent organisms reach the kidney and what 
are the factors that enhance their pathogenicity for renal 
tissue? Three routes of infection are theoretically pos- 
sible: (1) the bloodstream (hematogenous infection); (2) 
the ureters, from the bladder (ascending infection); or 
(3) the lymphatics. There is little evidence for lymphatic 
spread. 

Hematogenous Infection. Although hematogenous 
seeding of the kidney undoubtedly occurs under some 
circumstances, such as in the course of septicemia or 
endocarditis (e.g., staphylococcal endocarditis), the nor- 
mal kidney is resistant to blood-borne infection, espe- 
cially with E. coli. Experimentally, when E. coli are 
introduced into the bloodstream, only small numbers, 
about one of every 10,000 bacteria, are trapped in the 
kidney, and these are destroyed by antibacterial mech- 
anisms within the kidney without causing injury. If the 
kidney is injured in some way, however, such as by 
ligation of a ureter causing obstruction, blood-borne 
organisms will localize in the obstructed kidney, multi- 
ply, and produce a unilateral acute pyelonephritis, 
without affecting the unobstructed kidney. Obstruction 
also predisposes to infection in man. Strictures of the 
urethra, tumors of the urinary bladder, calculi in the 
ureters, prostatic hypertrophy, and intrarenal scars all 
increase the likelihood of infection. 

In the experimental animal, the stage of acute PN 
persists for one to two weeks. Subsequently, healing 
begins, and by six weeks the kidneys become sterile 
and the areas of acute inflammation are replaced by 
corticomedullary scars. This sequence appears to be 
true in uncomplicated human acute E. coli PN; i.e., 
acute suppurative inflammation is followed by healing 
with a resultant corticomedullary scar. 

Ascending Infection. Abundant clinical evidence 
indicates that the most common pathway of renal infec- 
tion is ascension of bacteria up the urinary stream from 
the bladder cavity.'!® Normal human bladder and blad- 
der urine are sterile, and only saprophytic organisms 
are generally present in the distal part of the urethra 
and, in females, in the vaginal vestibule. In females 
susceptible to recurrent infection, however, coliform 
organisms colonize the distal urethra and vaginal vesti- 
bule and form the initial inoculation site for ascending 
infection. The reasons for this initial colonization are 
now under study. Current studies suggest that coloni- 


zation is influenced by the ability of bacteria to adhere 
to vaginal or urethral mucosal cells. Increased bacterial 
adherence due to bacterial or host factors (p. 318) may 
initiate colonization and enhance the possibility of in- 
fection.'”° As discussed in Chapter 8, bacterial attach- 
ment by pili (or other determinants) to receptors on 
epithelia plays an important role in bacterial virulence. 

How do these organisms then gain entrance into 
the bladder? Urethral instrumentation (as used in cath- 
eterization, cystoscopy, and urologic surgery) introduces 
organisms into the bladder; long-term catheterization, 
in particular, carries a high risk of infection. In the 
absence of instrumentation, urinary infections are much 
more common in females and in the age group of 15 to 
40, the ratio of females to males affected being 8:1. This 
has been variously ascribed to the shorter urethra in 
females, the absence of antibacterial properties of pros- 
tatic fluid, hormonal changes affecting adherence of 
bacteria to the mucosa, and urethral trauma during 
sexual intercourse (the latter accounting for the well- 
recognized entity of “honeymoon cystitis’), or a com- 
bination of all these factors. '?' 

Under normal conditions, organisms introduced 
into the bladder are cleared by the continual flushing 
of voiding and by other poorly understood antibacterial 
mechanisms.'*! However, in the presence of bladder 
obstruction or of an inability to empty the urinary 
bladder completely (residual urine volume), bacteria 
multiply and cystitis develops. Such is the case in 
patients with prostatic hypertrophy and bladder diver- 
ticula (Chapter 22). 

Vesicoureteral Reflux. Once cystitis has occurred, 
it may remain localized in the urinary bladder for years 
without ascension to the kidney. In some individuals, 
however, bacteria reach the renal pelvis owing to a 
pathologic condition in which urine is actively propelled 
up one or both ureters during micturition. This so- 
called vesicoureteral reflux (VUR) is now well recog- 
nized as a serious condition that is the major cause of 
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Figure 21-37. Intravesical position of ureter in normal person and 
in patients with vesicoureteral reflux. (Redrawn with permission from 
King, L. R., et al.: JLA.M.A. 203:169, 1968.) 
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Figure 21-38. Vesicoureteral reflux demonstrated by a voiding 
cystourethrogram. Dye injected into bladder refluxes into both dilated 
ureters, filling pelvis and calyces. (Courtesy of Dr. Harry Mellins, 
Brigham and Women’s Hospital, Boston.) 


pyelonephritic damage, particularly in children.'” Re- 
flux can be documented radiologically by the voiding 
cystourethrogram, in which the bladder is filled with a 
radiopaque dye and the patient is instructed to void. In 
normal individuals the dye exits only through the ure- 
thra; VUR is prevented by virtue of the oblique insertion 
of the ureter in the bladder wall, so that the ureter is 
compressed during micturition (Fig. 21-37). In the 
presence of reflux, dye is seen clearly refluxing into the 
ureter, often all the way to the pelvis (Fig. 21-38). 
Reflux occurs in 30 to 50% of infants and children with 
recurrent UTIs, often in the first year of life. In children, 
reflux is due to a congenital absence or shortening of 
the intravesical portion of the ureter (Fig. 21-37D). In 
adults, VUR can be caused by bladder diverticula, and 
neurogenic factors, but its consequences are less serious 
than in children and infants. Mild grades of reflux (I 
and II) are innocuous and reversible, but more severe 
reflux (grades III and particularly IV) is associated with 
more or less permanent dilatation of ureters and renal 
pelvis. 

In severe cases of reflux, 30 to 60% of untreated 
children eventually develop typical pyelonephritic scar- 
ring (p. 1034). In some children with moderate or severe 
forms of VUR, the dye also fills the collecting ducts of 
pyramids and fans out into the cortex in the shape of a 
V or U. This intrarenal reflux is the mechanism by 
which bacteria spread into the renal parenchyma, as has 
been well demonstrated in experimental VUR in 
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pigs.'24 > The basis for intrarenal reflux lies in the 
anatomic configuration of papillae.’ Many “normal” 
papillae in human infants are not of the simple, convex, 
pointed type depicted in textbooks, but have concave 
or deeply indented tips with widened ducts of Bellini 
opening into the calyx. Such papillae are potentially 
refluxing, in that the orifices of their ducts cannot be 
occluded by a raised intrapelvic pressure. Two-thirds of 
normal kidneys possess at least one potentially refluxing 
papilla; they are located most often in the upper and 
lower poles of the kidneys, the usual sites of intrarenal 
reflux and pyelonephritic scars. 

To summarize, VUR followed by intrarenal reflux 
is a major mechanism whereby bacteria can be delivered 
from the infected bladder into the renal parenchyma. 
Once in the parenchyma, bacterial multiplication and 
suppurative inflammation lead to a typical picture of 
PN. 


THE KIDNEY 


Acute Pyelonephritis 


Acute PN is an acute suppurative inflammation of 
the kidney caused by bacterial infection—whether hem- 
atogenous and induced by septicemic spread, or ascend- 
ing and associated with VUR. 


MORPHOLOGY. The hallmarks of acute PN are patchy 
interstitial suppurative inflammation and tubular necro- 
sis. The suppuration may occur as discrete focal abscesses 
involving one or both kidneys, or as large, wedge-shaped 
areas of coalescent suppuration (Fig. 21—39). The distribu- 
tion of these lesions is unpredictable and haphazard, but in 
PN associated with reflux, damage occurs most commonly 
in the lower and upper poles. 

Externally, the lesions consist of abscesses on the 
cortical surface, usually rimmed by narrow zones of hyper- 
emia. On section, the inflammatory foci are generally distrib- 
uted throughout the kidney and, although the medulla is 
usually involved, paradoxically the suppuration is often most 
evident in the cortex. Depending on the severity of involve- 
ment, the kidney may or may not be enlarged. Hyperemia, 
granularity of the pelvic mucosa, or even suppuration is 
occasionally present. 

In the very early stages, the neutrophilic infiltration is 
limited to the interstitial tissue. By the time most kidneys are 
examined, however, the reaction has ruptured into tubules 
and produced a characteristic abscess with the destruction 
of the engulfed tubules (Fig. 21—40). Since the tubular lumina 
present a ready pathway for the extension of the infection, 
large masses of neutrophils frequently extend along the 
involved nephron into the collecting tubules. Characteristi- 
cally, the glomeruli appear to be resistant to the infection, 
and often abscess formations surround glomeruli without 
actually invading them. Large areas of severe necrosis, 
however, eventually destroy the glomeruli, and fungal PN 
(e.g., Candida) often affects glomeruli. 

Three complications of acute PN are encountered in 
special circumstances. Necrotizing papillitis, or papillary 
necrosis, is seen mainly in diabetics and in those with 
urinary tract obstruction. Necrotizing papillitis is usually bi- 
lateral but may be unilateral. One or all of the pyramids of 
the affected kidney may be involved. On cut section, the tips 
or distal two-thirds of the pyramids have gray-white to yellow 
necrosis that resembles infarction. The junction of the ne- 
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Figure 21-39. Acute pyelonephritis. Cortical surface is dotted with 
abscesses. 
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Figure 21—40. Acute pyelonephritis marked by an acute neutrophilic 
exudate within tubules and renal substance. 
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Figure 21—41. Necrotizing papillitis. Areas of pale gray necrosis are 
limited to papillae. 


crotic papillae with the preserved proximal portion of the 
pyramid is usually sharply defined and outlined by a narrow 
zone of hyperemia (Fig. 21—41). Microscopically, the necrotic 
tissue shows characteristic coagulative infarct necrosis, with 
preservation of outlines of tubules. The leukocytic response 
is limited to the junctions between preserved and destroyed 
tissue. Large masses of proliferating bacteria are sometimes 
found within the acellular necrotic foci. Clinically, papillary 
necrosis is often associated with acute renal failure, com- 
monly leading to death in uremia. 

Pyonephrosis is seen when there is total or almost 
complete obstruction, particularly when it is high in the 
urinary tract. The suppurative exudate is unable to drain and 
thus fills the renal pelvis, calyces, and ureter, producing 
pyonephrosis. The kidney may be converted virtually to a 
sac of pus, as the renal damage characteristic of hydrone- 
phrosis (p. 1051) is added to that caused by the bacterial 
infection. Perinephric abscess implies extension of sup- 
purative inflammation through the renal capsule into the 
perinephric tissue. 

After the acute phase of PN, healing occurs. The 
neutrophilic infiltrate is replaced by one that is predominantly 
mononuclear with macrophages, plasma cells, and (later) 
lymphocytes. The inflammatory foci are eventually replaced 
by scars that can be seen on the cortical surface as fibrous 
depressions. Such scars are characterized microscopically 
by atrophy of tubules, interstitial fibrosis, and lymphocyte 
infiltrate and may resemble scars produced by ischemic or 
other types of injury to the kidney. However, the pyelone- 
phritic scar is almost always associated with inflam- 
mation, fibrosis, and deformation of the underlying calyx 
and pelvis, reflecting the role of ascending infection and 
VUR in the pathogenesis of the disease. 


CLINICAL COURSE. Acute PN is often associated 
with specific predisposing conditions, some of which 
were covered in the discussion of pathogenetic mecha- 
nisms. These include 


1033 


Tubulointerstitial Diseases 


1. Urinary obstruction, either congenital or ac- 
quired. 

2. Instrumentation of the urinary tract, most com- 
monly catheterization. 

3. VUR. 

4. Pregnancy. Four to 6% of all pregnant women 
develop bacteriuria sometime during pregnancy, and 20 
to 40% of these eventually develop symptomatic urinary 
infection if not treated.!”’ 

5. Patient's sex and age. After the first year of life 
(when congenital anomalies are common in males) and 
up to around age 40, infections are much more frequent 
in females, and in the absence of obstruction and 
instrumentation, urinary infection in this age group is 
almost exclusively a disease of females. With increasing 
age, the incidence in males increases owing to the 
development of prostatic hypertrophy and frequent in- 
strumentation. 

6. Preexisting renal lesions. These cause intrarenal 
scarring and obstruction. 

7. Diabetes mellitus. The higher incidence of uri- 
nary infection among diabetics reported in some, but 
not all, studies is probably caused by more frequent 
instrumentation, the general susceptibility to infection, 
and the neurogenic bladder dysfunction exhibited by 
such patients. 

When acute PN is clinically apparent, the onset is 
usually sudden, with pain at the costovertebral angle 
and systemic evidence of infection, such as fever and 
malaise. There are usually indications of bladder and 
urethral irritation, such as dysuria, frequency, and ur- 
gency. The urine contains many leukocytes (pyuria) 
derived from the inflammatory infiltrate, but pyuria 
does not differentiate upper from lower urinary infec- 
tion. The finding of leukocyte casts (pus casts) indicates 
renal involvement, since casts are formed only in tu- 
bules. The diagnosis of infection is established by quan- 
titative urine culture. True infection can usually be 
differentiated from contamination by the presence of 
over 10° to 10° pathogenic organisms per milliliter in 
the urine. It is frequently difficult to differentiate cystitis 
alone from PN, since the symptoms referable to upper 
urinary infection may be absent. As mentioned earlier, 
pus casts, if present, always indicate kidney involve- 
ment. Several immunologic methods developed to aid 
with this distinction (such as the presence of antibody 
coating on bacteria in the urine) have not yet proved of 
widespread value. 

Uncomplicated acute PN usually follows a benign 
course and the symptoms disappear within a few days 
after the institution of appropriate antibiotic therapy. 
Bacteria, however, may persist in the urine, the inci- 
dence of recurrence of infection with new serologic 
types of E. coli or other organisms being as high as 30% 
in some series. Such bacteriuria then either disappears 
or may persist sometimes for years. In the presence of 
unrelieved urinary obstruction, diabetes mellitus, and 
immunocompromised hosts, acute PN may be more 
serious, leading to repeated septicemic episodes. The 
superimposition of papillary necrosis leads to acute renal 
failure. 
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The significance of asymptomatic bacteriuria (de- 
fined as bacteriuria without pyuria or symptoms of 
infection) deserves comment. This is a frequent condi- 
tion whose prevalence increases with age in both sexes, 
but at all ages females far outnumber males. Population 
screening studies have shown that 1.2% of girls between 
the ages of 5 and 9 and 3% of those between the ages 
of 12 and 16 have bacteriuria.'** In the overall adult 
female population the prevalence range is between 3 
and 6%. A certain proportion of these have some 
evidence of renal damage or VUR. However, the like- 
lihood that adults with asymptomatic bacteriuria will 
develop progressive renal damage is extremely small. 
Conversely, there is significant danger of chronic PN 
developing in infants and young children with infection, 
especially in the presence of VUR or anomalies of the 
urinary tract. 


THE KIDNEY 


Chronic Pyelonephritis (CPN) and Reflux 
Nephropathy 


Although there is some controversy regarding ter- 
minology, CPN is considered here as a chronic tubu- 
lointerstitial renal disorder in which renal scarring is 
associated with pathologic involvement of the calyces 
and pelvis (Fig. 21-42). The criteria for the diagnosis of 
CPN include irregular scarring (if bilateral, asymmetric); 
inflammation, fibrosis, and deformity of the calyces 
underlying the parenchymal scars; and predominant 
tubulointerstitial histologic damage. These criteria are 
important in that virtually all the diseases listed in Table 
21-7 produce chronic tubulointerstitial alterations, but 
excepting for CPN and analgesic nephropathy, none 
affects the calcyes. If these criteria are adhered to, 
bacterial infection, superimposed on VUR or obstruc- 
tion, plays a role in most cases of CPN. CPN is an 


Figure 21—42. Chronic pyelonephritis. Surface (left) is irregularly 
scarred. Cut section (right) reveals characteristic dilatation and 
blunting of calyces. Ureter is dilated and thickened—a finding 
consistent with chronic vesicoureteral reflux. 


important cause of end-stage kidney disease. In various 
series, CPN is found in 11 to 20% of patients in renal 
transplant or dialysis units (40 to 60% of cases being 
caused by chronic GN). 

CPN can be divided into two forms: chronic ob- 
structive and chronic reflux—associated. 

Chronic Obstructive PN. We have seen that obstruc- 
tion predisposes the kidney to infection. Recurrent 
infections superimposed on diffuse or localized obstruc- 
tive lesions lead to recurrent bouts of renal inflammation 
and scarring, resulting in a picture of CPN. In this 
condition, the effects of obstruction obviously contribute 
to the parenchymal atrophy, and indeed it is sometimes 
difficult to differentiate the effects of bacterial infection 
from those of obstruction alone. The disease can be 
bilateral, as with congenital anomalies of the urethra 
(posterior urethral valves), resulting in fatal renal insuf- 
ficiency unless the anomaly is corrected; or unilateral, 
such as occurs with calculi and unilateral obstructive 
anomalies of the ureter. 

Reflux Nephropathy (Chronic Reflux—Associated 
PN). This is by far the more common form of chronic 
pyelonephritic scarring. As discussed earlier, renal in- 
volvement in reflux nephropathy occurs early in child- 
hood, as a result of superimposition of a urinary infection 
on congenital VUR and intrarenal reflux, the latter 
conditioned by the number of potentially refluxing 
papillae. Reflux may be unilateral or bilateral; thus, the 
resultant renal damage either may cause scarring and 
atrophy of one kidney, or may involve both and lead to 
chronic renal insufficiency. Whether VUR causes renal 
damage in the absence of infection (sterile reflux) is 
uncertain, since it is difficult clinically to rule out remote 
infection in a patient first seen with pyelonephritic 
scarring. 


MORPHOLOGY. It should be emphasized first that the 
characteristic morphologic changes of CPN are seen on 
gross rather than on microscopic examination (Fig. 21- 
42). The kidneys usually are irregularly scarred; if bilateral, 
the involvement is asymmetric. This contrasts with chronic 
glomerulonephritis, in which the kidneys are diffusely and 
symmetrically scarred. The hallmark of CPN is the coarse, 
discrete, corticomedullary scar overlying a dilated, blunted, 
or deformed calyx (Fig. 21-43). The scars can vary from 
one to several in number and many affect one or both 
kidneys. Most are in upper and lower poles, consistent with 
the frequency of reflux in these sites. 

The microscopic changes predominantly involve tubules 
and interstitium (Fig. 21-44). The tubules show atrophy in 
some areas and hypertrophy in others, or dilatation. Dilated 
tubules may be filled with colloid casts, a pattern referred to 
as thyroidization (Fig. 21-45). There are varying degrees 
of chronic interstitial inflammation and fibrosis in the cortex 
and medulla. In the presence of active infection, there may 
be neutrophils in the interstitium and pus casts in the tubules. 
Arcuate and interlobular vessels disclose obliterative endar- 
teritis in the scarred areas, and in the presence of hyperten- 
sion hyaline arteriolosclerosis is seen in the entire kidney. 
There is often fibrosis around the calyceal mucosa as well 
as marked chronic inflammatory infiltrate. Lymphoid follicles 
may appear in the calyceal wall (Fig. 21-43). Glomeruli may 
appear normal except for periglomerular fibrosis, but a 


Figure 21-43. Chronic pyelonephritis. Low-power view to show 
corticomedullary renal scar with an underlying dilated deformed 
calyx. Note inflammatory infiltrate with lymphoid follicles around 
Calyx. 


variety of glomerular changes may be present, including 
ischemic fibrous obliteration as well as proliferation and 
necrosis ascribed to hypertension. Patients with CPN and 
reflux nephropathy who develop proteinuria in advanced 
stages exhibit focal and segmental glomerulosclerosis, 
similar to that seen in patients with focal sclerosis associated 
with nephrotic syndrome (p. 1015). 
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Figure 21-44. Cortex in CPN showing interstitial chronic inflam- 
mation, marked tubular atrophy, and occasional dilated tubules. 
Glomerulus is normal, but there is periglomerular fibrosis. 
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Figure 21-45. A large area of scarring with dilated, cast-filled 
tubules. 


Xanthogranulomatous PN’ is an unusual and rela- 
tively rare form of CPN characterized by accumulation of 
foamy macrophages intermingled with plasma cells, lympho- 
cytes, polymorphs, and occasional giant cells. Often asso- 
ciated with Proteus infections and obstruction, the lesions 
sometimes produce large, yellowish-orange nodules that 
may be confused with renal cell carcinoma (p. 1054). 


CLINICAL Course. Chronic obstructive PN may be 
insidious in onset or may present the clinical manifes- 
tations of acute recurrent PN with back pain, fever, 
frequent pyuria, and bacteriuria. CPN associated with 
reflux may have a silent insidious onset. These patients 
come to medical attention relatively late in the course 
of their disease because of the gradual onset of renal 
insufficiency and hypertension, or because of the dis- 
covery of pyuria or bacteriuria on routine examination. 
Reflux nephropathy is a common cause of hypertension 
in children. Loss of tubular function—in particular of 
concentrating ability—gives rise to polyuria and noctu- 
ria. Pyelography is required for the diagnosis. Pyelo- 
grams show the affected kidneys or kidney to be smaller 
than normal, often asymmetrically contracted, with 
characteristic coarse scars and blunting and deformity 
of the calyceal system. Significant bacteriuria may be 
present, but in the late stages it is sometimes absent. 
Some of these patients develop severe and intractable 
hypertension, which contributes to the progressive renal 
failure. 

Although proteinuria is usually mild, some patients 
with pyelonephritic scars develop significant protein- 
uria, even in the nephrotic range, usually many years 
after the scarring has occurred and often in the absence 
of continued infection, persistent VUR, or hyperten- 
sion.’* °° The appearance of proteinuria is a poor prog- 
nostic sign and many such patients proceed to chronic 
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end-stage renal failure. Renal biopsies show focal seg- 
mental glomerulosclerosis superimposed on the tubu- 
lointerstitial damage caused by CPN. The pathogenesis 
of the glomerular lesions in this setting is now under 
study; the most plausible explanation is that they are 
due to glomerular “hyperfiltration” in nephrons adapting 
to loss of renal mass caused by pyelonephritic scarring 
(p. 1007).* 


THE KIDNEY 


TUBULOINTERSTITIAL NEPHRITIS INDUCED 
BY DRUGS AND TOXINS 


Several general points should be stressed with 
regard to the effects of drugs and toxins on the kidney. 
The kidney is especially susceptible to toxic injury 
because of its high blood supply, most of it to the 
metabolically active cortex. Normal physiologic proc- 
esses may increase the local concentrations of certain 
toxins in various segments of the nephron. For example, 
toxins that are actively reabsorbed by the proximal 
tubules will cause predominant proximal damage, 
whereas those affected by the normal urinary concen- 
trating mechanisms may reach high levels in the me- 
dulla, predisposing the medulla and papilla to injury. 
Toxins that are relatively insoluble in acid pH tend to 
precipitate in the distal tubules and collecting ducts, 
allowing for increased local concentrations and causing 
obstruction of tubular lumina. 

Toxins can produce renal injury in at least three 
ways: (1) they may trigger an interstitial immunologic 
reaction, exemplified by the acute hypersensitivity ne- 
phritis induced by such drugs as methicillin; (2) they 
may cause acute renal failure (p. 1027) by direct tubular 
damage (such as in mercuric chloride poisoning) or by 
some other poorly understood mechanisms (e.g., the 
antibiotic aminoglycosides such as gentamicin); and (3) 
they may cause subtle but cumulative injury to tubules 
that takes years to become manifest, resulting in chronic 
renal insufficiency. The latter type of damage is espe- 
cially treacherous, since it may be clinically unrecog- 
nized until significant renal damage has occurred. Such 
is the case with analgesic abuse nephropathy, which is 
usually detected only after the onset of renal failure. 


Acute Drug-induced (Hypersensitivity) Interstitial 
Nephritis 


This is now a well-recognized adverse reaction to a 
constantly increasing number of drugs. First reported 
after the use of sulfonamides, acute tubulointerstitial 
nephritis has occurred most frequently with synthetic 
penicillins (methicillin, ampicillin), but other synthetic 
antibiotics (rifampin), diuretics (furosemide, thiazides), 
nonsteroidal inflammatory agents (phenylbutazone), and 
miscellaneous drugs (phenindione, cimetidine) have also 
been implicated.''” ' The disease begins about 15 days 
(two to 40) after exposure to the drug and is character- 
ized by fever, eosinophilia (which may be transient), 
hematuria, mild proteinuria, sterile pyuria, and a skin 


rash, the latter being present in about 25% of patients. 
A rising serum creatinine level or acute renal failure 
with oliguria develops in about 50% of cases, particu- 
larly in older patients. The azotemia typically resolves 
after withdrawal of the offending drug, although it may 
take several months for return of renal function to 
normal. 


Grossly, the kidneys are usually slightly enlarged. His- 
tologically, the abnormalities are in the interstitium, which 
shows pronounced edema and infiltration by mononuclear 
cells, principally lymphocytes and macrophages (Fig. 21- 
46). Eosinophils and neutrophils may be present, often in 
large numbers, and plasma cells and basophils in small 
numbers are sometimes found. With some drugs (e.g., 
methicillin, thiazides), interstitial granulomas with giant cells 
may be seen.'** Variable degrees of tubular necrosis and 
regeneration are present. 


Many features of the disease suggest an immuno- 
logic basis for its development. (1) Clinical evidence of 
hypersensitivity includes the latent period, the eosino- 
philia and skin rash, the fact that the onset of nephrop- 
athy is not dose related, and the recurrence of hyper- 
sensitivity following reexposure to the same or a cross- 
reactive drug. (2) Immunofluorescent studies in rare 
cases have disclosed linear staining for IgG and comple- 
ment along the tubular basement membranes (TBM), 
and circulating antibody to tubular basement mem- 
branes has been found in the circulation in some pa- 
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Figure 21-46. Acute drug-induced interstitial nephritis. Note inter- 
Stitial inflammation and edema. 


tients. This has led to the suggestion that in these 
individuals the drug hapten (the penicilloyl moiety in 
methicillin), which is secreted by the proximal tubules, 
conjugates with tubular basement membrane protein, 
thus stimulating the production of anti-TBM antibody, 
with resultant damage to the tubules and secondarily to 
the interstitium. This hypothesis is weakened by the 
fact that many patients in fact fail to show anti-TBM 
antibody. (3) IgE serum levels are increased in some 
patients, and IgE-containing plasma cells and basophils 
are sometimes present in the lesions, suggesting that a 
Type I IgE-mediated hypersensitivity may be involved 
in the pathogenesis. (4) Finally, the mononuclear or 
granulomatous infiltrate, together with positive skin 
tests to drug haptens, suggest a delayed-hypersensitivity 
type reaction (Type IV), but as yet there has been no 
experimental evidence for such a mechanism. 

Thus, although an immunologic reaction is clearly 
involved, the precise type of reaction and the sequence 
of events leading to damage are still obscure. It is 
important to recognize drug-induced renal failure since 
withdrawal of the drug is followed by recovery, although 
irreversible damage may occur occasionally in older 
subjects. 


Analgesic Nephritis (Analgesic Abuse 
Nephropathy) 


This is a form of chronic renal disease caused by 
excessive intake of analgesic mixtures and characterized 
morphologically by chronic tubulointerstitial nephritis 
with renal papillary necrosis. 

First reported in Switzerland in 1953, analgesic 
nephropathy is of world-wide distribution, and in some 
parts of Australia and Western Europe it ranks as one 
of the most common causes of chronic renal insuff- 
ciency.!* The renal damage was first ascribed to phen- 
acetin, but the analgesic mixtures consumed often con- 
tain, in addition, aspirin, caffeine, acetaminophen (a 
metabolite of phenacetin), and codeine. Patients who 
develop this disease usually ingest large quantities of 
analgesic mixtures,'** and consumptions of up to 30 kg 
over a 30-year period have been recorded, the average 
being 10 kg over a mean period of 13 years. The minimal 
requirements for the development of renal damage are 
between 2 and 3 kg of phenacetin taken over a period 
of three years. The incidence of analgesic nephropathy 
in the United States is variable; it is low in the North- 
east, accounting for 2% of patients with end stage renal 
failure. The highest incidence appears to be in the 
Southeastern U.S.; in one study, the disorder in 13% 
of patients with end-stage renal disease was attributed 
to analgesic abuse. !* 

PATHOGENESIS. Experimentally, phenacetin, aspi- 
rin, or acetaminophen alone can cause papillary necro- 
sis, but only if given in very large doses. However, 
papillary necrosis is readily induced by a mixture of 
aspirin and phenacetin, usually combined with water 
depletion. Most patients consume phenacetin-contain- 
ing mixtures,'* and cases ascribed to ingestion of aspi- 
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rin, phenacetin, or acetaminophen alone are uncom- 
mon. It is now clear that in the sequence of events 
leading to renal damage, papillary necrosis occurs first 
and cortical tubulointerstitial nephritis is a secondary 
phenomenon. It is not certain whether the initial injury 
is to the vasa recta or to the tubules in the inner medulla 
or to both. The phenacetin metabolite, acetaminophen, 
binds covalently to cellular proteins and depletes renal 
glutathione; it may injure cells by both covalent binding 
and oxidative damage. The ability of aspirin to inhibit 
prostaglandin synthesis suggests that this drug may 
induce its potentiating effect by inhibiting the vasodi- 
latory effects of prostaglandin, thus predisposing the 
papilla to renal tissue ischemia. Thus, the papillary 
damage may be due to a combination of direct toxic 
effects of phenacetin metabolites as well as ischemic 
injury to both tubular cells and vessels, a notion consis- 
tent with the morphologic findings and with the syner- 
gistic effects of drug combinations. 


MORPHOLOGY. Grossly, the kidneys are either normal 
or slightly reduced in size, and the cortex exhibits depressed 
and raised areas, the depressed areas representing cortical 
atrophy overlying necrotic papillae. On cut section, the 
papillae show various stages of necrosis, calcification, frag- 
mentation, and sloughing. This gross appearance con- 
trasts with the papillary necrosis seen in diabetic pa- 
tients, in which all papillae are at the same stage of 
acute necrosis. Microscopically, the papillary changes may 
take one of several forms: in early cases there is patchy 
necrosis and widening of the interstitium, but in the advanced 
form the entire papilla is necrotic, often remaining in place 
as a structureless mass with ghosts of tubules and foci of 
dystrophic calcification (Fig. 21-47). If segments or entire 
portions of the papilla have been sloughed and excreted in 
the urine, the underlying calyx appears dilated, accounting 
for some of the diagnostic radiologic features of the disease. 
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Figure 21—47. Analgesic nephropathy. Cortex is scarred and papilla 
is transformed to a necrotic, structureless mass. 
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The cortical changes consist of loss and atrophy of the 
tubules, and interstitial fibrosis and inflammation. These 
changes are mainly due to obstructive atrophy caused by 
the tubular damage in the papilla, but superimposed pyelo- 
nephritic changes may be present. The cortical columns 
of Bertin are characteristically spared from this atrophy. 
The glomeruli in the atrophic cortex may either be normal or 
show various degrees of hyalinization. A peculiar “analgesic 
microangiopathy” affects small vessels in the inner medulla, 
the papilla, and the submucosa of the urinary tract from 
pelvis to bladder.'*” It consists of a homogeneous, PAS- 
positive thickening of capillary walls ascribed to a thickened, 
multilayered basement membrane. Its pathogenesis is un- 
known, but it may represent successive episodes of endo- 
thelial necrosis and regeneration induced by toxic metabo- 
lités. 


THE KIDNEY 


CLINICAL CourRSE. Analgesic nephropathy occurs 
four times more commonly in women than in men and 
is particularly prevalent in women with recurrent head- 
aches and muscular pain, in psychoneurotic women, 
and in factory workers. The clinical symptoms may be 
slight before the onset of chronic renal insufficiency, 
but if renal function tests are done, inability to concen- 
trate the urine occurs early, as would be expected with 
lesions in the papilla. Acquired distal renal tubular 
acidosis and diminished citrate secretion may also con- 
tribute to the development of renal stones. Headache, 
anemia, gastrointestinal symptoms, and hypertension 
are common accompaniments of analgesic nephropathy. 
The anemia in particular is out of proportion to the 
renal insufficiency, owing to damage to red cells by the 
phenacetin metabolites. Pyuria is an early finding, oc- 
curring in almost 100% of patients; although the urine 
is often sterile, urinary tract infection occurs in about 


reaction with giant cells around needle-like crystals. 


50% of patients. Occasionally, entire tips of necrotic 
papillae are excreted, and these may cause gross he- 
maturia or renal colic due to obstruction of the ureter 
by necrotic fragments. Necrotic papillae may appear in 
the urine sediment and aid in the diagnosis. Intravenous 
pyelography (IVP) will often disclose the characteristic 
picture of absent papillae, but if the papillae remain in 
place the IVP may be entirely normal. Progressive 
impairment of renal function may lead to chronic renal 
failure, but with proper therapy of any infection and 
drug withdrawal, renal function may either stabilize or 
actually improve. Thus, analgesic nephropathy may 
represent one of the few types of chronic renal failure 
from which recovery is possible. 

Unfortunately, a serious complication sometimes 
occurs in patients with analgesic nephropathy who sur- 
vived because of their discontinuance of the offending 
drugs,'** namely, the development of transitional pap- 
illary carcinoma of the renal pelvis. Whether the car- 
cinogenic effect is due to a metabolite of phenacetin or 
to some other component of the analgesic compounds 
is still unsettled. 


TUBULOINTERSTITIAL DISEASES CAUSED BY 
METABOLIC DISTURBANCES 


Urate Nephropathy 


Three types of nephropathy can occur in patients 
with hyperuricemic disorders (p. 1356).'°° “° Acute uric 
acid nephropathy is caused by the precipitation of uric 
acid crystals in the renal tubules, principally in collect- 
ing ducts, leading to obstruction of nephrons and the 
development of acute renal failure. This type is partic- 
ularly apt to occur in patients with leukemias and 
lymphomas who are undergoing chemotherapy; the 
latter increases the destruction of neoplastic nuclei and 
the elaboration of uric acid. Precipitation of uric acid is 
favored by the acidic pH in collecting tubules. The 
crystals are amorphous and doubly refractile and cause 
dilatation of the tubules proximal to the obstruction. 
Treatment with the uricosuric agent allopurinol before 
chemotherapy reduces the danger of this complication. 

Chronic urate nephropathy or gouty nephropathy 
is a form of chronic tubulointerstitial nephritis occurring 
in patients with more protracted forms of hyperuri- 
cemia. The lesions are ascribed to the deposition of 
monosodium urate crystals in the acidic milieu of the 
distal tubules and collecting ducts, as well as in the 
interstitium. These deposits have a distinct histologic 
appearance, in the form of birefringent, needle-like 
crystals present either in the tubular lumina or in the 
interstitium (Fig. 21-48). The urates induce a tophus 
often surrounded by foreign body giant cells, other 
mononuclear cells, and a fibrotic reaction. Tubular 
obstruction by the urates causes cortical atrophy and 
scarring. Arterial and arteriolar thickening are also com- 
mon in these kidneys, owing to the relatively high 
incidence of hypertension in patients with gout; in 
addition, there is sometimes a superimposed PN poten- 


tiated by the tubular obstruction. The resultant histo- 
logic picture may therefore disclose a mix of interstitial, 
tubular, and vascular lesions, but the characteristic 
feature of gouty nephropathy is the presence of large 
numbers of urate deposits in the medulla. 

Clinically, urate nephropathy is a subtle disease 
associated with tubular defects that may progress slowly, 
but the condition should be suspected in patients with 
prolonged hyperuricemia. It has recently been claimed 
that patients with gout who actually develop a chronic 
nephropathy have evidence of increased exposure to 
lead (mostly by way of “moonshine” whiskey contami- 
nated with lead), and that lead, rather than urates, is 
therefore the cause of the renal disease and hypertension 
in gouty nephropathy. '* 

The third renal syndrome in hyperuricemias is 
nephrolithiasis; uric acid stones are present in 22% of 
patients with gout and 42% of those with secondary 
hyperuricemia. 


Hypercalcemia and Nephrocalcinosis 


Disorders characterized by hypercalcemia, such as 
hyperparathyroidism, multiple myeloma, vitamin D in- 
toxication, metastatic bone disease, or excess calcium 
intake (milk alkali syndrome), may result in the forma- 
tion of calcium stones (p. 1052) and deposition of calcium 
in the kidney (nephrocalcinosis). Extensive degrees of 
calcinosis, under certain conditions, may lead to a form 
of chronic tubulointerstitial disease and renal insuffi- 
ciency.'*° The first damage induced by the hypercal- 
cemia is at the intracellular level, in the tubular epithe- 
lial cells, resulting in mitochondrial distortion and 
evidence of cell injury. Subsequently, calcium deposits 
can be demonstrated within the mitochondria, cyto- 
plasm, and basement membrane. Calcified cellular de- 
bris then aids in obstruction of the tubular lumina and 
causes obstructive atrophy of nephrons with interstitial 
fibrosis and nonspecific chronic inflammation. Both 
proximal and distal tubules are involved by the calcifi- 
cation; in particular, the basement membranes of the 
proximal segments become heavily calcified. Atrophy of 
entire cortical areas drained by calcified tubules may 
occur and this accounts for the alternating areas of 
normal and scarred parenchyma seen in such kidneys. 
Vascular and glomerular calcification may also occur. 
Obstruction by calcium concretions predisposes to in- 
fection and thus an element of focal PN is frequently 
present in these kidneys. 

The earliest functional defect is an inability to 
elaborate a concentrated urine, which appears to be 
related to decreased transport of chloride in the ascend- 
ing thick segment. Other tubular defects, such as tu- 
bular acidosis and salt-losing nephritis, may also occur. 
With further damage, a slowly progressive renal insuf- 
ficiency will develop. This is usually due to nephrocal- 
cinosis, but many of these patients also have calcium 
stones and secondary PN. Renal calcification can be 
obvious radiologically and these patients often have 
calcifications in other organs and blood vessels. 
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Hypokalemic Nephropathy 


Chronic potassium depletion is encountered clini- 
cally in gastrointestinal diseases (such as diverticulitis 
and regional enteritis) that cause potassium losses in 
diarrheic fluid; in adrenal overactivity; in certain renal 
diseases; and in patients treated with diuretics that 
cause potassium to be lost in the urine. Some of these 
patients develop disturbances of renal function domi- 
nated by impairment of concentrating mechanism, evi- 
denced by polyuria and nocturia. The tubules show a 
remarkable coarse vacuolization of tubular cells, mainly 
in the proximal convoluted tubules. The vacuolization 
is coarser than that seen in the usual osmotic nephrosis 
(Fig. 21-49). Electron microscopy shows both intracy- 
toplasmic vacuolization and dilatation of the intercellular 
spaces, with separation of the basal plasma membranes. 
The lesions are reversible, but increases in serum 
creatinine, associated with interstitial inflammation and 
fibrosis and tubular atrophy, occur in some patients.’ 


TUBULOINTERSTITIAL LESIONS CAUSED BY 
NEOPLASTIC DISEASES 


Nonrenal malignant tumors, particularly those of 
hematopoietic origin, affect the kidneys in a number of 
ways (Table 21-8).'*3 The most common involvements 
are tubulointerstitial, caused by complications of the 
tumor (hypercalcemia, hyperuricemia, obstruction of 
ureters) or therapy (irradiation, hyperuricemia, chemo- 
therapy, infections in immunosuppressed patients). As 


Figure 21-49. Vacuolar hypokalemic nephrosis. High-power detail 
of large clear vacuoles within proximal tubules. 
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Table 21-8. RENAL INVOLVEMENT BY NONRENAL 
NEOPLASMS 


1. Direct tumor invasion of renal parenchyma 
Ureters — obstruction 
Artery -> renovascular hypertension 
. Hypercalcemia 
. Hyperuricemia 
. Amyloidosis 
. Excretion of abnormal proteins (multiple myeloma) 
. Radiotherapy 
. Chemotherapy 
. Infection 
. Glomerulopathy 
Immune complex GN (carcinomas) 
Lipoid nephrosis (Hodgkin's disease) 
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the survival rate of patients with malignant neoplasms 
increases, so do these renal complications. Here we 
shall limit the discussion to the renal lesions in multiple 
myeloma that sometimes dominate the clinical picture 
in patients with this disease. 


Multiple Myeloma (Myeloma Kidney) 


Renal involvement is a common and sometimes 
ominous manifestation of multiple myeloma (p. 689), 
overt renal insufficiency occurring in half the patients 
with this disease.'!* The main cause of renal dysfunction 
is related to Bence Jones (light-chain) proteinuria, since 
renal failure correlates well with the presence and 
amount of such proteinuria and is extremely rare in its 
absence.'** Two mechanisms appear to account for the 
"renal toxicity of Bence Jones proteins. First, some of 
these light chains appear to be directly toxic to epithelial 
cells; second, Bence Jones proteins combine with the 
urinary glycoprotein (Tamm-Horsfall protein) under 
acidic conditions to form large, histologically distinct 
tubular casts that obstruct the tubular lumina and also 
induce a peritubular inflammatory reaction. Other fac- 
tors that may contribute to renal failure include (1) 
vascular disease in the usually elderly population af- 
fected with myeloma; (2) hypercalcemia and hyperuri- 
cemia (p. 1039), which are often present in these 
patients; (3) amyloidosis, which occurs in 6 to 24% of 
patients with myeloma; and (4) urinary tract obstruction 
with secondary PN. 


Grossly, the kidneys usually are normal but sometimes 
are shrunken and pale because of extensive interstitial 
scarring. The most prominent changes are histologic. The 
tubular casts appear as pink-to-blue amorphous masses, 
sometimes concentrically laminated, filling and distending 
the tubular lumina. Many of the casts are surrounded by 
multinucleate giant cells, derived from either reactive tubular 
epithelium or possibly mononuclear phagocytes (see Fig. 
15-38, p. 691). The epithelium surrounding the cast is often 
necrotic, and the adjacent interstitial tissue usually shows a 
nonspecific inflammatory response. Occasionally, the casts 
erode their way from the tubules into the interstitium and 
here evoke a granulomatous inflammatory reaction. Some- 
times, metastatic calcification occurs in these kidneys owing 


to the hypercalcemia commonly associated with dissemi- 
nated multiple myeloma, and these kidneys are prone to 
develop amyloidosis, uric acid granulomas due to the hy- 
peruricemia, and focal PN due to the obstructive lesions. 


Clinically, the renal manifestations are of two main 
types. In the more common form, chronic renal failure 
develops insidiously and usually progresses slowly over 
a period of several months to years. Another form occurs 
suddenly, sometimes in the absence of obvious previous 
renal impairment, and is manifested by acute renal 
failure with oliguria.’ ARF commonly occurs in pa- 
tients with other precipitating factors, such as dehydra- 
tion, hypercalcemia, acute infection, administration of 
nephrotoxic antibiotics, or intravenous pyelography. 
Proteinuria occurs in 70% of patients with myeloma; 
the presence of significant non—light-chain proteinuria 
(e.g., albumin) suggests secondary amyloidosis or light- 
chain glomerulopathy (p. 1026). Actual intrarenal infil- 
tration by myeloma cells is rarely the cause of renal 
dysfunction. 


OTHER TUBULOINTERSTITIAL DISORDERS 


immunologically Mediated Tubulointerstitial 
Disease 


Immunologic tubulointerstitial reactions are in- 
volved in rejection of renal transplants (p. 174), and we 
have seen earlier that a hypersensitivity reaction is the 
cause of acute interstitial nephritis induced by drugs. 
In addition, tubulointerstitial damage may be induced 
by immunologic mechanisms similar to those involved 
in glomerulonephritis (i.e., tubular immune complex 
disease and antitubular basement membrane antibody 
disease), ‘46 147 

Tubular immune complex disease is manifested by 
a characteristic immunofluorescent pattern of staining; 
granules containing immunoglobulin and complement 
are seen along the tubular basement membrane: In 
humans, immune complex tubular deposits are seen in 
patients with accompanying glomerulonephritis: 50% of 
patients with lupus nephritis and occasional patients 
with membranoproliferative glomerulonephritis, mixed 
cryoglobulinemia, and Sjégren’s syndrome. It is thought 
that the complexes contribute to the tubulointerstitial 
damage in these conditions. 

In antitubular basement membrane (anti-TBM) an- 
tibody disease, immunofluorescence discloses smooth, 
continuous linear accumulations of immunoglebulin and 
complement along the basement membrane of the prox- 
imal tubules of animals. In man, anti-TBM antibodies 
frequently occur in conjunction with anti-GBM nephritis 
in Goodpasture’s syndrome and rapidly progressive GN, 
suggesting that cross-reactive autoantibodies to both 
glomerular and tubular basement membrane are formed 
in these conditions. More unusually, they occur in other 
types of GN, drug-induced hypersensitivity, and idi- 
opathic interstitial nephritis. 


Radiation Nephritis 


This condition, which follows therapeutic irradia- 
tion of tumors in the regions of the kidneys,'** is now 
an uncommon complication, since damaging radiation 
levels can be predicted and the kidneys appropriately 
shielded. Doses of greater than 2300 rads in less than 
five weeks are sufficient to cause renal damage. The 
clinical presentation may be acute, beginning six to 12 
months after radiation, and characterized by edema, 
hypertension (often malignant), anemia, proteinuria, 
and renal insufficiency (acute radiation nephritis). Other 
patients present more than 18 months after irradiation 
with hypertension (benign or malignant) or proteinuria. 
Histologically, all renal structures are affected; there is 
glomerular hyalinization, severe interstitial fibrosis and 
inflammation, tubular atrophy, and sometimes striking 
vascular thickening. In some instances, tubulointerstitial 
damage is out of proportion to the vascular or glomerular 
damage, but in the presence of severe hypertension, 
fibrinoid necrosis and hyperplastic changes in arterioles 
are common. 


Balkan Nephropathy 


This is a most mysterious entity occurring in a 
limited geographic zone, about 40 kilometers wide and 
100 kilometers long, which includes adjacent regions of 
Romania, Bulgaria, and Yugoslavia.'*® The clinical pic- 
ture is one of insidious onset of progressive renal 
insufficiency, most patients succumbing within ten years 
of onset. Morphologically, there is interstitial fibrosis 
with a variable number of chronic inflammatory cells 
and widespread tubular loss. The nature of this disorder 
has been vigorously pursued but remains uncertain. 
Currently, fungal toxins contaminating local foodstuffs 
(mycotoxins) are thought to be possible etiologic agents. 


DISEASES OF BLOOD VESSELS 


Renal vessels are affected secondarily by virtually 
all forms of renal disease. Here we are concerned with 
those disorders in which the vascular lesions are the 
primary cause of disease and in particular those associ- 
ated with hypertension. Within this group, benign and 
malignant nephrosclerosis are of preeminent impor- 
tance. Because the kidney and its diseases are intimately 
related to hypertension, it is first necessary to review 
briefly the subject of hypertension. 


HYPERTENSION 


Elevated levels of blood pressure cause vascular 
changes throughout the body, particularly in the kid- 
neys; conversely, kidney disease plays an important role 
in the causation of certain forms of hypertension. Iron- 
ically, there is no universally accepted definition of 
hypertension, but most investigators agree that a sus- 
tained diastolic pressure above 90 mm Hg is an essential 
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feature. A sustained systolic pressure above 140 mm Hg 
may also constitute hypertension, but systolic elevations 
are generally thought less significant than elevations of 
the diastolic pressure. Ninety to 95% of hypertension is 
of uncertain origin and is called primary or essential 
hypertension. The remaining 5 to 10%, called secondary 
hypertension, is associated with a variety of renal, 
endocrine, neurologic, and vascular disorders (Table 
21-9). 

Essential hypertension is an extremely common 
condition, which through its cardiovascular complica- 
tions remains a leading cause of morbidity and mortality 
in the Western world.*°° Females are affected more 
often than males, and blacks significantly more often 
than whites. The incidence of the disease rises with age 
and as much as 50% of the population over age 50 may 
have essential hypertension. In most instances, even if 
not treated, it is characterized by extremely slow, 
progressive elevation of blood pressure over the span of 
decades. It may eventually lead to cardiovascular and 
cerebrovascular disorders, but the rate of development 
of these complications is a function of the severity of 
blood pressure elevations. In many milder expressions 
it is readily controlled by antihypertensive therapy. In 
other words, the disorder is relatively benign and is 
sometimes referred to as benign hypertension. How- 
ever, even benign hypertension is one of the major risk 
factors in the development of atherosclerosis and its 
complications (p. 507). In time, benign hypertension 
causes thickening of the walls of small arteries and 
arterioles in the kidney, but the renal ischemia rarely 
causes significant renal insufficiency. Even before the 
advent of effective antihypertensive therapy, only about 
5% of patients with benign hypertension died of uremia; 
the remainder died largely of coronary or hypertensive 
heart disease, of cerebral vascular accidents, or of un- 
related causes. As we shall see, some cases of essential 
hypertension pursue an accelerated malignant course 


Diseases of Blood Vessels 


Table 21-9. TYPES OF HYPERTENSION 


A. Primary or Essential Hypertension 
B. Secondary Hypertension 
Renal 
Acute glomerulonephritis 
Chronic renal disease 
Renal artery stenosis 
Renal vasculitis 
Renin-producing tumors 
Endocrine 
Adrenocortical hyperfunction (Cushing’s syndrome) 
Oral contraceptives 
Pheochromocytoma 
Acromegaly 
Myxedema 
Thyrotoxicosis (systolic) 
Vascular 
Coarctation of aorta 
Polyarteritis nodosa 
Aortic insufficiency (systolic) 
Neurogenic 
Psychogenic 
Increased intracranial pressure 
Polyneuritis, bulbar poliomyelitis, others 
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(malignant hypertension), characterized by a rapidly 
mounting blood pressure, usually to diastolic levels over 
110 mm Hg, with the systolic often well over 200 mm 
Hg and uniformly resulting in renal failure unless con- 
trolled with proper antihypertensive therapy. 


Pathogenesis of Hypertension 


The search for the origins of essential hyper- 
tension*!® has been most frustrating. Much more has 
been learned about the pathogenesis of the secondary 
forms of hypertension, and so we will review first the 
more well-established mechanisms that cause secondary 
hypertension. 

As is well-known, the magnitude of the arterial 
pressure is dependent on two fundamental hemody- 
namic variables: total systemic blood flow (cardiac out- 
put) and the resistance offered by the blood vessels and 
blood to forward flow—total peripheral resistance (Fig. 
21-50). Blood volume, through its effect on cardiac 
output, also influences blood pressure. For the most 
part, the total peripheral resistance is accounted for by 
resistance of the arterioles. This in turn is determined 
by the thickness of the arteriolar wall in relation to 
lumen size and the effects of neural and hormonal 
influences that either constrict or dilate these vessels. 
Vasoconstricting agents are angiotensin II, catechol- 
amines thromboxane, and leukotrienes; the main vaso- 
dilators are the kinins and prostaglandins. These media- 
tors act by binding to specific receptors on the surface 
of smooth muscle cells. Certain metabolic products, 
such as lactic acid, hydrogen ions, and adenosine, as 
well as hypoxia are also local vasodilators. An important 
property intrinsic to resistance vessels is autoregulation, 
a process by which increased blood flow to such vessels 
leads to vasoconstriction. This is an essentially adaptive 
mechanism designed to protect from hyperperfusion; 
the resultant vasoconstriction leads to increased cardiac 
overload, reduction of cardiac output, and correction of 
hyperperfusion. Arterial hypertension can best be con- 
sidered as a disease dependent on any factors that may 
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Figure 21—50. Blood pressure regulation. (Modified from Kaplan, 
N. M.: Systemic hypertension: mechanisms and diagnosis. /n Braun- 
wald, E. (ed.): Heart Disease. 2nd ed. Philadelphia, W. B. Saunders 
Co., 1984, p. 861.) 


alter the relationship between blood volume and total 
arteriolar resistance (Fig. 21-50). 

RENAL HYPERTENSION. The kidney participates in 
the control of blood pressure by affecting both periph- 
eral resistance and blood volume. It is no surprise, 
therefore, that hypertension is common in a variety of 
renal disorders. It occurs, for example, in the course of 
acute poststreptococcal glomerulonephritis, in almost all 
chronic renal diseases such as chronic GN and PN, in 
the necrotizing vasculitides such as polyarteritis nodosa, 
and in renal artery stenosis.'* 

The renal mechanisms that control blood pressure 
and which, therefore, may be deranged in renal hyper- 
tension can be grouped under three headings: (1) secre- 
tion by the kidney of vasoactive substances that have a 
pressor effect, (2) maintenance of extracellular fluid 
(ECF) and blood volume, and (3) elaboration by the 
kidneys of substances that normally lower blood pres- 
sure. These three mechanisms are interrelated but will 
be discussed separately. 

Renal Pressor Effects—The Renin-Angiotensin Sys- 
tem. The renin-angiotensin system is the major renal 
humoral pressor mechanism (Fig. 21-51). Renin is re- 
leased by the juxtaglomerular (JG) cells under’ many 
circumstances, of which the most important are (1) a 
decrease in pressure in the afferent arteriole sensed by 
stretch receptors within the vessel wall, (2) decreased 
sodium (or chloride) load delivered to the macula densa, 
and (3) direct stimulation of sympathetic nerves or beta- 
adrenergic agonists such as epinephrine. 

Renin itself is not a pressor substance but acts on 
angiotensinogen, a liver-derived circulating apha-2- 
globulin, to produce the decapeptide angiotensin I; the 
latter is converted by converting enzyme to the octa- 
peptide angiotensin II, a potent vasoconstrictor of renal 
and extrarenal arterioles. Renin also stimulates aldo- 
sterone secretion by the adrenal cortex, thus causing 
sodium retention. It should be appreciated that angi- 
otensin IJ tends to increase arterial blood pressure in 
two ways: direct vasoconstriction increases vascular re- 
sistance, and aldosterone secretion causes sodium reten- 
tion and increases blood volume. 

Under normal conditions, the increased renin se- 
cretion is quickly corrected by negative feedback mech- 
anisms that tend to suppress renin release and bring 
circulating renin levels back to normal. Thus, increased 
blood pressure diminishes stretch receptor stimulation 
in the afferent arteriole and therefore diminishes renin 
secretion; similarly, the increased ECF volume conse- 
quent to aldosterone secretion increases GFR, thus 
decreasing proximal sodium reabsorption, and through 
the sensors in the macula densa diminishes renin secre- 
tion. Increased arterial pressure also diminishes renal 
sympathetic nerve stimulation by a poorly understood 
autoregulatory mechanism, further decreasing renin se- 
cretion. Finally, angiotensin II itself appears to suppress 
JG-cell secretion directly. Thus, in the presence of 
normal renal function, plasma renin values are restored 
to normal. 

Summarizing a large body of evidence, it seems 
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Figure 21-51. Renin-angiotensin mechanism and control of blood 
pressure. 


likely that increased renin secretion plays a role in the 
following forms of renal hypertension:!© (1) in unilateral 
renal artery stenosis (renovascular hypertension); (2) in 
malignant hypertension, in which extremely high levels 
of renin and aldosterone have been measured; (3) in the 
vasculitides; (4) in some patients with unilateral chronic 
PN or reflux nephropathy; (5) in renin-secreting JG cell 
tumors, renal cell carcinoma, or Wilms’ tumors; and (6) 
in some patients with chronic renal failure of diverse 
etiology who have elevated serum renin levels. In the 
last-named group of patients it has been suggested that 
the elevated renin levels are due to failure of the 
feedback control mechanisms outlined earlier because 
(a) the patients are more likely to have sodium and 
water retention and (b) there is diminished inhibition 
of renin secretion in response to volume expansion. 
Sodium Retention and Alterations in Blood Volume. 
As is well-known, total body sodium is the main deter- 
minant of ECF volume, and the Iiatter in turn influences 
blood volume and cardiac output. The kidney is the 
principal organ responsible for such sodium homeosta- 
sis. The following renal factors appear to be most 
important in achieving such sodium homeostasis: (1) 
Glomerular filtration rate. A reduction in GFR de- 
creases the filtered sodium load and increases proximal 
sodium reabsorption, serving to conserve body sodium 
stores, and vice versa; i.e., an increase in GFR with 
volume expansion will result in sodium loss (natriuresis). 
(2) Aldosterone. This hormone increases distal renal 
tubular reabsorption of sodium. (3) A GFR-independent, 
aldosterone-independent mechanism. In the presence of 
volume expansion, this mechanism tends to inhibit 
sodium reabsorption (causing natriuresis), probably at a 
distal tubular site. The nature of this “third” or natri- 
uretic factor is still poorly understood. Sodium retention 
due to failure of these homeostatic mechanisms is prob- 
ably the most important factor responsible for hyper- 
tension in patients with end-stage renal failure. In- 
creased total exchangeable sodium and ECF volume are 
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found in such patients, and there is marked improve- 
ment of blood pressure when these excesses are re- 
moved. Sodium retention is postulated to account also, 
at least in part, for the hypertension that occurs in acute 
GN. 

Renal Antihypertensive Agents. The notion that 
renal hypertension is caused by deficient production of 
an agent that lowers blood pressure directly or inacti- 
vates a pressor substance is known under the rubric 
“renoprival hypertension.” This mechanism is lent cre- 
dence by the isolation of at least three groups of 
antihypertensive agents from the kidney. !” "4 

(1) Prostaglandins (PG) are synthesized in the kidney 
by medullary interstitial cells, papillary collecting tu- 
bules, cortical tubules, glomeruli, and afferent arte- 
rioles. In all likelihood, the cortical PGs induce vascular 
effects, while the medullary PGs control salt and water 
secretion. In most species, PGs decrease ECF volume, 
exert direct effects on vascular tone and reactivity, and 
blunt the renal vasoconstrictor and antidiuretic action 
of angiotensin II. Prostacyclin causes an increase in 
renal blood flow, increased GFR, diuresis, natriuresis, 
and vasodilatation—all being antihypertensive phenom- 
ena. 

(2) Kallikrein-kinin. All elements involved in kinin 
formation and destruction (p. 53) are present in the 
kidney, including kininogen, the serum substrate; kal- 
likrein, which converts kininogen to kinin; and kinin- 
ases, which hydrolyze kinins to inactive peptides. 
Bradykinin causes generalized as well as renal vasodil- 
atation and increases sodium excretion, both being 
pressure-reducing effects. Urinary kallikreins are de- 
creased in some models of experimental hypertension, 
in spontaneously hypertensive rats, in essential hyper- 
tension with mild renal insufficiency, and in some 
hypertensives with parenchymal renal disease, lending 
credence to a role for this system in hypertension. 

(3) A third antihypertensive agent produced by the 
interstitial cells of the renal medulla is a neutral lipid 
factor, which has been shown by Muirhead and co- 
workers to prevent experimentally induced hyperten- 
sion in the dog and rabbit.‘® It is apparently distinct 
from PGs. 

There are poorly understood but obviously impor- 
tant relationships among the three humoral systems 
operating in the kidney: renin-angiotensin, prostaglan- 
dins, and kallikrein-kinin.’*’ PGs, for example, stimulate 
both the kallikrein-kinin and the renin-angiotensin sys- 
tems, and inhibit the vasoconstrictive action of angi- 
otensin II. It is possible, therefore, that the hyperten- 
sive and hypotensive factors elaborated by the kidney 
are involved in some delicately balanced feedback svs- 
tem controlling blood pressure. There is no dearth of 
possible mechanisms that can interfere with this balance 
and account for hypertension in renal disease, but the 
precise sequence of events is still far from clear. 

The mechanisms of other secondary forms of hy- 
pertension are heterogeneous. In primary aldosteron- 
ism, the major cause is aldosterone-induced sodium 
retention causing increased blood volume; in pheo- 
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chromocytoma, the tumor in the renal medulla secretes 
epinephrine and norepinephrine, which cause vasocon- 
striction and increased cardiac contractility; oral contra- 
ceptives, a common cause of secondary hypertension, 
seem to activate the renin-angiotensin mechanism; and 
in polyarteritis nodosa there are marked increases in 
renin production. 

ESSENTIAL HYPERTENSION. By definition, essential 
hypertension is idiopathic, but it is believed that a 
combination of genetic and environmental factors to- 
gether are responsible for the condition.”° Numerous 
epidemiologic studies have shown a rather high degree 
of concordance in levels of blood presure among twins, 
siblings, and families. The increased prevalence of hy- 
pertension among blacks, the recognition in hyperten- 
sive families of hypertension in infants and children, 
and the development by inbreeding of various strains 
of spontaneously hypertensive rats all point to a genetic 
predisposition. The inheritance appears to be polygenic. 

Environmental factors clearly influence the devel- 
opment of hypertension. This is illustrated by the lower 
incidence of hypertension in Chinese people living in 
their native country as compared with the Chinese living 
in the United States. Although behavior patterns, stress, 
obesity, and the intake of oral contraceptives all have 
important implications, it is the relationship of dietary 
sodium to essential hypertension that has stimulated the 
most interest. Although the evidence is by no means 
unambiguous, most workers now agree that in those 
with a genetic predisposition, high sodium intake pre- 
disposes to or may lead to hypertension. People living 
in remote areas in Asia, South America, and Africa who 
have diets very low in sodium chloride show little 
evidence of essential hypertension or of a rise of blood 
pressure with advancing age. When some of these 
groups migrate to coastal towns where the salt intake is 
high, they begin to get their share of hypertension. The 
daily consumption of salt in such “civilized” areas as the 
U.S., Europe, and Japan is 8 gm or more and correlates 
with an 8 to 25% incidence of hypertension. Experi- 
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mentally susceptible strains of rats develop hypertension 
when fed high-sodium diets, but remain normotensive 
on low-salt diets. 

What can be said of the pathogenesis of essential 
hypertension? Although there are several theories, most 
stress either (1) a primary defect in sodium excretion or 
(2) a primary increase in peripheral resistance (Fig. 21- 
52).'°° The first hypothesis contends that there is an 
initial nonstructural genetic defect in the kidney ’s ability 
to excrete salt and water in response to the inevitable 
periodic increases in pressure—so-called arterial pres- 
sure natriuresis.'©° The latter is an autoregulatory phe- 
nomenon that helps the normal kidney exposed to small 
increases in pressure to excrete excess quantities of 
water and salt, until the individual's pressure falls back 
to a level low enough to stop the pressure diuresis. Loss 
of this natriuretic response results in increased blood 
and ECF volumes, and eventually increased peripheral 
vascular resistance and hypertension. Natriuretic hor- 
mone, which enhances sodium influx into vascular cells 
and increases vascular reactivity, is thought to mediate 
increased resistance. In time the vasoconstriction pro- 
duces changes in the arteries and arterioles (smooth 
muscle hyperplasia and hypertrophy), which narrow the 
lumen and enhance the increase in peripheral resis- 
tance. The primacy of a sodium transport defect is 
supported by studies showing membrane transport al- 
terations in the red cells'® as well as early renal defects 
in “prehypertensive’ offspring of hypertensive par- 
ents.’ The second set of hypotheses implicates vaso- 
constrictive influences as the primary events. These 
could be due to (1) behavioral or neurogenic factors, as 
shown by the reduction of blood pressure that can be 
achieved by meditation (the relaxation response); (2) 
increased release of vasoconstrictor agents, e.g., renin 
and catecholamines; or (3) a primary increased sensitiv- 
ity of arterioles possibly due to sodium transport defects. 
High sodium intake clearly influences blood pressure in 
both hypotheses. 

These two hypotheses are not mutually exclusive, 
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Figure 21-52. Hypothetical scheme for pathogenesis of essential hypertension (see text). 


(Autoregulation) 


and Figure 21-52 depicts a sequence that is consistent 
with both events. Essential hypertension is thus a 
complex disorder that may have more than one cause. 
It may be initiated by a disturbance in any of the factors 
that control normal blood pressure, many of which are 
environmental (stress, salt intake, estrogens) but act in 
the genetically predisposed individual. In established 
hypertension, both increased blood volume and _in- 
creased peripheral resistance contribute to the increased 
pressure. 

We shall now examine some of the renal vascular 
disorders associated with hypertension. 


Benign Nephrosclerosis and Benign Hypertension 


Benign nephrosclerosis (BNS), the term used for 
the kidney of benign hypertension, is always associated 
with hyaline arteriolosclerosis. Some degree of BNS, 
albeit mild, is present at autopsy in many individuals 
over age 60. The frequency and severity of the lesions 
are increased in young age groups in association with 
hypertension and diabetes mellitus.™ 


MORPHOLOGY. Grossly, the kidneys are either normal 
in size or moderately reduced to average weights between 
110 and 130 gm. The cortical surfaces have a fine, even 
granularity that resembles grain leather (Fig. 21-53). On 
section, the loss of mass is mainly due to cortical narrowing. 
The reduction in size is usually equal on both sides. 
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Figure 21-53. Benign nephrosclerosis illustrating fine granularity of 
surface. 
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Figure 21-54. Hyaline arteriolosclerosis. Arteriolar wall is hyalinized 
and lumen is markedly narrowed. Note also interstitial fibrosis and 
tubular atrophy. 


The primary histologic characteristic of BNS is narrowing 
of the lumina of arterioles and small arteries, caused by 
thickening and hyalinization of the wails (Fig. 21-54). Hyaline 
arteriolosclerosis occurs to some degree in normotensive 
individuals after the fifth decade, but, as mentioned earlier, 
it is more severe and frequent in patients with hypertension 
and diabetes mellitus. It is thought that the hyaline material 
is composed in large part of plasma proteins and lipids that 
have leaked out of the circulation, probably owing to endo- 
thelial injury, and precipitated in the vessel wall. In addi- 
tion, there is deposition of intimal basement membrane 
material. 

Consequent to the hyaline vascular narrowing, there is 
patchy ischemic atrophy, which consists of (1) foci of tubular 
atrophy and interstitial fibrosis and (2) a variety of glomerular 
alterations. The latter include collapse of glomerular base- 
ment membranes, deposition of collagen within Bowman's 
space, periglomerular fibrosis, and total sclerosis of glomer- 
uli. In general, the severity of the ischemic atrophy parallels 
that of the vascular changes. 

In addition to arteriolar hyalinization, the larger interlob- 
ular and arcuate arteries exhibit a characteristic lesion that 
consists of reduplication of the elastic lamina and increased 
fibrous tissue in the media, with consequent narrowing of 
the lumen. This change, called fibroelastic hyperplasia, 
often accompanies hyaline arteriolosclerosis and increases 
in severity with age and in the presence of hypertension. 
Little is known of its pathogenesis, but most workers include 
the changes together with those of smaller vessels. 


It must be emphasized that renal biopsies of some 
patients with essential hypertension show no arteriolo- 
sclerosis. Thus, hyaline arteriolosclerosis cannot be the 
cause of hypertension. However, the possibility remains 
that the development of hyaline arteriolosclerosis may 
cause renal ischemia and may sustain or aggravate high 
blood pressure by activating the renin-angiotensin sys- 
tem. 
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Uncomplicated benign nephrosclerosis alone rarely 
causes renal insufficiency or uremia. There are usually 
moderate reductions in renal plasma flow, but the GFR 
may remain normal or be slightly reduced. Occasionally, 
there is moderate loss of concentrating power, with mild 
proteinuria. Patients with moderate degrees of benign 
nephrosclerosis appear to have lost an element of renal 
reserve and are thus more prone to develop azotemia 
in the face of volume depletion, surgical stress, or 
gastrointestinal hemorrhage. Renal failure and azotemia 
occur in 1 to 5% of patients with severe, prolonged 
benign nephrosclerosis and hypertension. In most pa- 
tients with essential hypertension, renal failure results 
from the development of the malignant or accelerated 
phase of hypertension, discussed next. 


Malignant Phase of Hypertension (Malignant 
Nephrosclerosis) 


Malignant nephrosclerosis is the form of renal 
disease associated with malignant or accelerated phase 
of hypertension. This dramatic pattern of hypertension 
may occasionally develop in previously normotensive 
individuals, but more often is superimposed on preex- 
isting benign hypertension, whether primary or secon- 
dary. Malignant nephrosclerosis may therefore appear 
as a new form of nephropathy, or it may be superim- 
posed on an underlying chronic renal disease, particu- 
larly benign nephrosclerosis, GN, or PN. It is also a 
frequent cause of death from uremia in patients with 
scleroderma. Malignant hypertension is relatively un- 
common, occurring in less than 5% of all patients with 
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elevated blood pressure. In its pure form, it usually 
affects younger individuals, with a high preponderance 
in males and in blacks. 


MORPHOLOGY. Grossly, the kidney size is dependent 
on the duration and severity of the hypertensive disease. 
Small, pinpoint petechial hemorrhages may appear on the 
cortical surface from rupture of arterioles or glomerular 
capillaries, giving the kidney a peculiar ‘“‘flea-bitten” appear- 
ance. When superimposed on preexisting renal disease, the 
presence of malignant hypertension may be completely 
undetectable grossly. 

Two histologic alterations characterize malignant hyper- 
tension. (1) Fibrinoid necrosis of arterioles. This appears 
as an eosinophilic granular change in the blood vessel wall, 
which stains positively for fibrin by histochemical or immu- 
nofluorescent techniques (Fig. 21—55A). In addition, there is 
often an inflammatory infiltrate within the wall, giving rise to 
the term necrotizing arteriolitis. (2) In the interlobular 
arteries and arterioles there is intimal thickening caused by 
a proliferation of elongated, concentrically arranged cells, 
probably smooth muscle cells, together with fine concentric 
layering of collagen. This alteration is known as hyperplastic 
arteriolitis, also referred to as “onionskinning” (Fig. 21— 
55B). The lesion correlates well with renal failure in malig- 
nant hypertension. Sometimes the glomeruli become necrot- 
ic and infiltrated with neutrophils, and the glomerular capil- 
laries may thrombose (necrotizing glomerulitis). Rupture 
of these necrotic capillaries gives rise to hemorrhage into 
the glomerular spaces and adjacent tubules, providing the 
microscopic basis for the petechiae seen grossly. The arte- 
riolar and arterial lesions result in considerable narrowing of 
all vascular lumina, with ischemic atrophy and infarction 
distal to the abnormal vessels. 

When superimposed on an underlying benign nephro- 
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Figure 21-55. A, Necrotizing arteriolitis of malignant nephrosclerosis with fibrinoid degeneration of 
walls of arterioles and small arteries. B, Hyperplastic arteriolitis of malignant hypertension (onionskin- 


ning). 


sclerosis, the arterioles and small arteries also show 
changes characteristic of benign hypertension and hyaline 
arteriolosclerosis. 


PATHOGENESIS. The basis for the development of 
malignant hypertension is shrouded in the cause of 
essential hypertension. The rapidly mounting levels of 
arterial pressure often appear without any signs or 
symptoms or apparent cause. Malignant hypertension, 
however,. is usually associated with remarkably high 
levels of renin, angiotensin, and aldosterone. Nonethe- 
less, the initial stimulus for the hyperreninemia is 
obscure. It has been suggested that sodium retention 
as a consequence of prolonged benign hypertension or 
renal disease is the cause of the increased renin.!° 
Whatever the initial stimulus for the hyperreninemia, 
experimental studies suggest that vasoconstriction and 
the severe increases in blood pressure accentuate the 
vascular necrosis that occurs in arterioles of the kidney 
and other organs. Such an increase in blood pressure 
causes endothelial injury, platelet thrombosis, and in- 
travascular coagulation; by causing ischemia, these per- 
petuate the vicious cycle of hyperreninemia in malignant 
hypertension.'® It is thought that the intimal prolifera- 
tion characteristic of the onionskin lesion is due to 
organization of the deposits of fibrin. Alternatively, the 
intravascular coagulation may well initiate the malignant 
phase; this view is suggested by the observation that 
intravascular coagulation in patients with microangio- 
pathic hemolytic disorders precedes the appearance of 
increased blood pressure (p. 1048). Whatever the mech- 
anism of malignant hypertension, the cause of the renal 
insufficiency is the profound ischemic change resulting 
from the arteriolar and arterial narrowing. 

CLINICAL Course. Usually the clinical manifesta- 
tions of malignant hypertension appear abruptly, and 
initially are referable to the cardiovascular or central 
nervous systems. Cardiac decompensation, demon- 
strated principally as left ventricular failure, may be the 
first manifestation. Rarely, patients with malignant hy- 
pertension present in oliguric acute renal failure. More 
often, the early symptoms are related to increased 
intracranial pressure and include headaches, nausea, 
vomiting, and visual impairments, particularly the de- 
velopment of scotomas or ‘spots before the eyes. “Hy- 
pertensive crises’ are sometimes encountered, charac- 
terized by episodes of loss of consciousness or even 
convulsions. At the onset of rapidly mounting blood 
pressure, there is marked proteinuria and microscopic 
or sometimes macroscopic hematuria, but no significant 
alteration in renal function. Soon, however, renal failure 
makes its appearance. The syndrome is a true medical 
emergency requiring the institution of aggressive and 
prompt antihypertensive therapy before the develop- 
ment of irreversible renal lesions. Before introduction 
of the new antihypertensive drugs, malignant hyperten- 
sion was associated with a 50% mortality rate within 
three months of onset, progressing to 90% within a 
year. At present, however, abaut 50% of patients will 
survive five years, and further progress is still being 
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made. Ninety per cent of deaths are caused by uremia 
and others by cerebral hemorrhage or cardiac failure. 


Renal Artery Stenosis 


Unilateral renal artery stenosis is a relatively un- 
common cause of hypertension, responsible for 2 to 5% 
of cases, but is of importance because it is the most 
common curable form of hypertension, surgical treat- 
ment being successful in 70 to 80% of carefully selected 
cases in humans. Further, much of our knowledge of 
renal mechanisms in hypertension has come from stud- 
ies of experimental and human renal artery stenosis. 

PATHOGENESIS. The classical experiments of Gold- 
blatt in 1934'* showed that constriction of one renal 
artery in dogs results in hypertension, and that the 
magnitude of the effect is roughly proportional to the 
amount of constriction. Later experiments in rats con- 
firmed these results, and in time the importance of the 
renin-angiotensin system in renal hypertension was es- 
tablished. The bulk of the evidence now indicates that 
this system is responsible for renovascular hyperten- 
sion.!© Thus, renin is released in increased amounts 
from the experimentally ischemic kidney within minutes 
after renal artery constriction, and the elevated blood 
pressure can be prevented by previous treatment with 
agents that either block conversion of angiotensin I to 
angiotensin II or are antagonists of angiotensin II. Fifty 
per cent of patients with renovascular hypertension have 
elevated renin levels, and almost all shaw a reduction 
of blood pressure when given competitive antagonists 
of angiotensin II (e.g., saralasin). Additional explanations 
for the sustenance of long-term renovascular hyperten- 
sion include sodium retention, inhibition of the prosta- 
glandin and kinin systems, and increased vascular reac- 
tivity to subpressor levels of angiotensin. 


The most common cause of renal artery stenosis is 
occlusion by an atheromatous plaque at the origin of 
the renal artery. This lesion occurs more frequently in 
males, the incidence increasing with advancing age and 
diabetes mellitus. The plaque is usually concentrically placed 
and superimposed thrombosis often occurs, precipitating 
hypertension by reducing the blood supply even further. The 
second type of lesion leading to stenosis is so-called fibro- 
muscular dysplasia of the renal artery.'© This is a hetero- 
geneous group of lesions characterized by fibrous or fibro- 
muscular thickening and may involve the initima, the media, 
or the adventitia of the artery. These lesions are thus 
subclassified into intimal, medial, and adventitial hyperpla- 
sia—the medial type being by far the most common (Fig. 
21-56). In contrast to atherosclerosis, the lesions, as a 
whole, are more common in females and tend to occur in 
younger age groups, i.e., in the third and fourth decades. 
The lesions may consist of a single well-defined constriction 
or a series of narrowings, usually in the middle or distal 
portion of the renal artery. They may also involve the 
segmental branches and may be bilateral. Fibromuscular 
dysplasia can often be differentiated from atherosclerotic 
stenosis by arteriography, since lesions tend to be segmen- 
tal, with alternating segments of thickening and thinning of 
the vessels. The pathogenesis of the dysplasia is unknown. 
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Figure 21-56. Fibromuscular dysplasia of renal artery, medial type 
(elastic tissue stain). Media shows marked fibrous thickening, and 


lumen is stenotic. (Courtesy of Dr. Seymour Rosen, Beth Israel 


Hospital, Boston.) 


The ischemic kidney is usually reduced in size and 
shows signs of diffuse ischemic atrophy, with crowded 
glomeruli, atrophic tubules, interstitial fibrosis, and focal 
inflammatory infiltrate. The JG apparatus may disclose hy- 
perplasia and increased granularity. The arterioles in the 
ischemic kidney are usually protected from the effects of 
high pressure, thus showing only mild arteriolosclerosis, in 
contrast to the contralateral nonischemic kidney, which may 
exhibit hyaline arteriolosclerosis, depending on the severity 
of the preceding hypertension. 


CLINICAL Course. Few distinctive features suggest 
the presence of renal artery stenosis and, in general, 
these patients resemble those presenting with essential 
hypertension. Occasionally, a bruit can be heard on 
auscultation of the kidneys. An intravenous pyelogram 
shows (1) a delay in the appearance of the contrast 
agent on the stenotic side, owing to diminished blood 
flow and GFR; (2) a small kidney, owing to the ischemic 
atrophy and decreased blood volume; and (3) delayed 
hyperconcentration of contrast material caused by in- 
creased reabsorption of tubular fluid, thus enhancing 
the concentration of the nonreabsorbable contrast agent. 
Arteriography is required to localize the stenotic lesion. 
Increased renin activity in blood obtained from the 
renal vein on the stenotic side and an antihypertensive 
response to angiotensin antagonists favor a good out- 
come after surgical correction of the stenosis. In prop- 
erly selected patients, the cure rate after surgery is 
about 90% in fibromuscular dysplasias and 60 to 75% in 
atherosclerotic stenosis. 


RENAL DISEASE ASSOCIATED WITH 
MICROANGIOPATHIC HEMOLYTIC ANEMIA 


A group of diseases with overlapping clinical man- 
ifestations are characterized morphologically by throm- 


bosis in the interlobular arteries, afferent arterioles, and 
glomeruli together with necrosis and thickening of the 
vessel walls (Fig. 21-57), and clinically by microangio- 
pathic hemolytic anemia, thrombocytopenia, renal fail- 
ure, and manifestations of intravascular coagulation. '%’ 
The morphologic changes are similar to those seen in 
malignant hypertension, but in these conditions they 
may precede development of hypertension or may be 
seen in its absence. The diseases include (1) childhood 
hemolytic uremic syndrome, (2) adult hemolytic uremic 
syndrome, (3) thrombotic thrombocytopenic purpura, 
and (4) scleroderma (p. 190). Although these disorders 
may have diverse etiologies, endothelial injury and/or 
intravascular coagulation appear to be shared patho- 
genetic mechanisms. 


Childhood Hemolytic Uremic Syndrome 


Although relatively uncommon, this is one of the 
main causes of acute renal failure in children. It is 
characterized by the sudden onset, usually after a 
gastrointestinal or flulike prodromal episode, of bleed- 
ing manifestations (especially hematemesis and melena), 
severe oliguria, hematuria, a microangiopathic hemo- 
lytic anemia, and (in some patients) prominent neuro- 
logic changes. Hypertension is present in about half the 
patients. Biochemical evidence of intravascular coagu- 
lation (e.g., fibrin split products, p. 649) is found in 
most cases. !* 


The most important findings are in the kidney. Grossly, 
the kidneys may show patchy or widespread renal cortical 
necrosis. Microscopically, the glomeruli show thickening of 
capillary walls, due largely to endothelial and subendothelial 
swelling or fibrin thrombi occluding their lumina. The mes- 
angium and subendothelial areas are often filled with fibrillar 
material. Some of the material has the periodicity of fibrin 
on electron microscopy. Interlobular and afferent arterioles 
show fibrinoid necrosis and intimal hyperplasia and are often 
occluded by thrombi. 


Figure 21-57. Thrombi in glomerular capillaries characteristic of 
intravascular coagulation and microangiopathic disorders. 


If the renal failure is managed properly with di- 
alysis, mortality is limited to 10 and 15%, most patients 
experiencing complete recovery. In some patients, or- 
ganization of the thrombi leads to chronic ischemia, and 
these individuals develop chronic renal insufficiency 
and hypertension. The etiology is unknown, but the 
occurrence of epidemics in Argentina and California has 
suggested an infectious etiologic agent, either viral or 
rickettsial. 


Adult Hemolytic Uremic Syndrome 


A syndrome similar to that described above in 
children occurs in adults under a variety of settings: 

1. In pregnant women with complications of preg- 
nancy, such as hemorrhage or retained placental frag- 
ments. 

2. In women in the postpartum period. This so- 
called postpartum renal failure usually occurs after an 
uneventful pregnancy, one day to several months follow- 
ing delivery, and is characterized by microangiopathic 
hemolytic anemia, oliguria, anuria, and mild or absent 
hypertension. The condition has a grave prognosis, 
although in milder cases recovery may occur.'® The 
renal lesions are identical to those described in the 
childhood uremic syndrome. 

3. In association with contraceptive agents. 
Women taking oral contraceptives have an increased 
risk of hypertension; in addition, both malignant neph- 
rosclerosis and a typical hemolytic uremic syndrome 
develop with a greater frequency than in women not 
taking contraceptives. 

4. In association with infection, such as typhoid 
fever, E. coli septicemia, viral infections, and shigellosis. 

The clinical and morphologic features are more or 
less similar to those in children. 


Thrombotic Thrombocytopenic Purpura 


This entity, discussed earlier (p. 646), is manifested 
by fever, neurologic symptoms, hemolytic anemia, 
thrombocytopenic purpura, and the presence of thrombi 
in glomerular capillaries and afferent arterioles. The 
disease is more common in females, and most patients 
are under 40 years of age. The entity differs from 
hemolytic uremic syndrome in that central nervous 
system involvement is the dominant feature, whereas 
renal involvement occurs in only about 50% of patients. 
In addition, biochemical evidence of intravascular co- 
agulation is uncommon. Histologically, eosinophilic 
granular thrombi are present predominantly in the 
terminal part of the interlobular arteries, afferent arte- 
rioles, and glomerular capillaries. The thrombi contain 
both platelets and fibrin and are found in arterioles of 
many organs throughout the body. The disease was once 
highly fatal, resulting in the death of 90% of patients. 
Recently, however, exchange transfusion or plasma- 
pheresis coupled with corticosteroids has improved the 
outcome considerably. 
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Diseases of Blood Vessels 


Pathogenesis of Microangiopathic Disorders 


The fibrin deposition in small vessels, the presence 
of microangiopathic hemolytic anemia, and the chemical 
evidence of coagulation disturbances all point to the 
importance of disseminated intravascular coagulation 
(DIC). The lesions bear a great resemblance to those 
found in the generalized Shwartzman phenomenon, in 
which intravascular coagulation appears to play an im- 
portant role. Fibrin and fibrin products are present 
within the glomerular and vascular lesions. The clinical 
conditions associated with hemolytic uremic syndrome 
are those that predispose experimental animals to the 
Shwartzman phenomenon. For example, pregnancy can 
prepare an animal for the Shwartzman reaction, so that 
only a single injection of endotoxin is required to induce 
this lesion. The question whether the DIC is caused by 
some primary effect on the coagulation system or is 
secondary to endothelial injury is unanswered. It is 
possible, for example, that infectious agents that predis- 
pose to the hemolytic uremic syndrome do so by induc- 
ing endothelial damage, either directly or by eliciting 
antibody- or cell-mediated immunologic injury. Endo- 
toxin appears to have a direct endothelial damaging 
effect and also interferes with normal hemostasis. There 
are reports of the presence of antiendothelial antibodies 
and cell-mediated immunity to endothelium in some 
patients. Finally, plasma from some patients inhibits 
prostacyclin production by endothelium; this presum- 
ably interferes with the antithrombotic role of endothe- 
lium and predisposes to thrombosis. !” 


ATHEROEMBOLIC RENAL DISEASE 


Embolization of fragments of atheromatous plaques 
from the aorta or renal artery into intraparenchymal 
renal vessels occurs in elderly patients with severe 
atherosclerosis, especially after surgery on the abdomi- 
nal aorta and aortography.!”! These emboli can be rec- 
ognized in the walls of arcuate and interlobular arteries 
by their content of cholesterol crystals, which appear as 
rhomboid clefts. The clinical consequences of atheroem- 
boli vary according to the number of emboli and the 
preexisting state of renal function. Frequently, they 
have no functional significance. However, acute renal 
failure is the result in elderly patients in whom renal 
function is already compromised, principally after ab- 
dominal surgery on atherosclerotic aneurysms. Fortu- 
nately, modified surgical techniques have diminished 
this surgical complication. Some workers also believe 
that chronic atheroembolization, with subsequent vas- 
cular fibrosis and narrowing, may induce a chronic type 
of renal failure, especially if superimposed on preexist- 
ing renal disease. 


SICKLE CELL DISEASE NEPHROPATHY 


Sickle cell disease in both the homozygous and 
heterozygous forms may lead to a variety of alterations 
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in renal morphology and function, some of which, 
fortunately uncommonly, produce clinically significant 
abnormalities. The various manifestations are termed 
“sickle cell nephropathy” and have received considera- 
ble attention in recent years.”° 

The most common clinical and functional abnor- 
malities are hematuria and a diminished concentrating 
ability. These are thought to be largely due to acceler- 
ated sickling in the hypertonic hypoxic milieu of the 
renal medulla, which increases the viscosity of the blood 
during its passage through the vasa recta, leading to 
plugging of vessels and decreased flow. Microangio- 
graphic studies of autopsied kidneys from patients with 
sickle cell disease disclose focal occlusions of the vasa 
recta, and functional studies show a diminished med- 
ullary blood flow. Patchy papillary necrosis may occur 
in both homozygotes and heterozygotes; this is some- 
times associated with cortical scarring. Thus, sickle cell 
nephropathy should enter into the differential diagnosis 
of causes of papillary necrosis (together with diabetes 
mellitus, obstruction, pyelonephritis, and analgesic ne- 
phropathy). Proteinuria is also common in sickle cell 
disease, occurring in about 30% of patients. It is usually 
mild to moderate, but on occasion the overt nephrotic 
syndrome arises, associated with a membranoprolifera- 
tive glomerular lesion. 


DIFFUSE CORTICAL NECROSIS 


This is an uncommon condition that occurs most 
frequently following an obstetric emergency such as 
abruptio placentae (premature serparation of the pla- 
centa), septic shock, or any medical/surgical or other 
calamity. When bilateral and symmetric it is uniformly 
fatal, but patchy cortical necrosis may permit survival. 
The cortical destruction has all the earmarks of ischemic 
necrosis. Glomerular and arteriolar microthrombi, sug- 
gesting intravascular coagulation, are found in some but 
by no means all cases; if present, they clearly contribute 
to the necrosis and renal damage. However, there are 
some who believe that the primary lesion is a functional 
vasospasm of arteries and arterioles and that the DIC is 
a secondary phenomenon. In support of this view are 
experimental studies showing that angiotensin II antag- 
onists or alpha-adrenergic blocking agents protect 
against cortical necrosis. The two mechanisms, DIC and 
vasoconstriction, are not mutually exclusive and may act 
in concert or individually in specific cases. 


The gross alterations of the massive ischemic necrosis 
are sharply limited to the cortex (Fig. 21-58). On external 
examination, the kidney is usually enlarged and the surface 
has a variegated color of marked congestion and hemor- 
rhage, interspersed with pale, yellow-white, irregular geo- 
graphic areas of massive infarction. On section, these 
changes are limited to the cortex and more or less completely 
spare the medulla. The histologic appearance is that of 
acute ischemic infarction. The lesions may be patchy, with 
areas of apparently better preserved cortex. At the deeper 
levels, in contact with the preserved medulla, there is usually 


Figure 21-58. Diffuse cortical necrosis. Pale ischemic necrotic 
areas are confined to cortex and columns of Bertin. 


a massive leukocytic infiltration. Intravascular and intraglo- 
merular thrombosis may be prominent but are usually focal, 
and occasionally acute necroses of small arterioles and 
capillaries may be present. Hemorrhages occur into the 
glomeruli, together with the precipitation of fibrin in the 
glomerular capillaries. 


Massive acute cortical necrosis is of grave signifi- 
cance since it gives rise to sudden anuria, terminating 
rapidly in uremic death. Instances of unilateral or patchy 
involvement are compatible with survival. 


RENAL INFARCTS 


The kidneys are favored sites for the development 
of infarcts, presumably because approximately one- 
fourth of the entire cardiac output passes through these 
organs. Although thrombosis in advanced atherosclerosis 
and the acute vasculitis of polyarteritis nodosa may 
occlude arteries, most infarcts are due to embolism. 
The major source of such emboli is the heart, more 
specifically mural thrombosis in the left atrium and 
mural thrombosis in the ventricle on the basis of myo- 
cardial infarction. Vegetative endocarditis and throm- 
bosis in aortic aneurysms and aortic atherosclerosis are 
less frequent sites for the origin of emboli. 


Because the arterial supply to the kidney is of the “end- 
organ” type, most infarcts are of the “white” anemic type. 
They may occur as solitary lesions or be multiple and 
bilateral. In the very early stages, anemic infarcts appear 
externally as slightly elevated, maplike areas that may show 
only slight congestive discoloration. Within 24 hours infarcts 
become sharply demarcated, pale, yellow-white areas that 
may contain small irregular foci of hemorrhagic discoloration. 
They are usually ringed by a zone of intense hyperemia. 

On section, they characteristically assume a wedge 
shape, with the base against the cortical surface and the 
apex pointing toward the medulla (Fig. 21-59). Close in- 
spection may disclose a very narrow rim of preserved 


Figure 21-59. Renal infarction at low power, illustrating wedge 
shape, shadowy outlines of necrotic renal substances, and darker 
peripheral zone of leukocytic infiltration. 


subcortical tissue that has been spared by the collateral 
capsular circulation. In time, these acute areas of ischemic 
necrosis undergo progressive fibrous scarring, giving rise to 
depressed, pale, gray-white scars that characteristically 
assume a V shape on section and are associated with 
wedge-shaped strands of fibrous tissue extending into the 
underlying kidney substance. Not infrequently, infarcts of 
varying ages are encountered in the same kidney, denoting 
recurrent embolic episodes. The histologic changes in renal 
infarction have already been covered in Chapter 3. It suffices 
for now to recall that, in common with all infarctions, there 
is at first progressive coagulative necrosis of cells, with 
preservation of shadowy cell outlines. 


Many renal infarcts are clinically silent. Sometimes, 
pain and tenderness localized to the costovertebral angle 
occurs, and this is associated with the showers of red 
cells in the urine. Large infarcts of one kidney are a 
well-known basis for hypertension. 


URINARY TRACT OBSTRUCTION 
(OBSTRUCTIVE UROPATHY) 


Recognition of urinary obstruction is one of the 
most important priorities facing the nephrologist or 
urologist, since obstruction increases susceptibility to 
infection and to stone formation and unrelieved obstruc- 
tion almost always leads to permanent renal atrophy. 
Fortunately, many causes of obstruction are surgically 
correctable or medically treatable. 


Urinary Tract Obstruction (Obstructive Uropathy) 1054 


Obstruction may be sudden or insidious and may 
occur at any level of the urinary tract from the urethra 
to the renal pelvis. The common causes of the obstruc- 
tion are as follows:!” 

1. Congenital anomalies: posterior urethral valves 
and urethral strictures, meatal stenosis, bladder neck 
obstruction; ureteropelvic junction narrowing or ob- 
struction; severe vesicoureteral reflux. 

2. Urinary calculi. 

3. Benign prostatic hypertrophy. 

4. Tumors: carcinoma of the prostate, bladder tu- 
mors, contiguous malignant disease (retroperitoneal 
lymphoma), carcinoma of the cervix or uterus. 

5. Inflammation: prostatitis, ureteritis, urethritis, 
retroperitoneal fibrosis. 

6. Sloughed papillae or blood clots. 

7. Normal pregnancy. 

8. Functional disorders: neurogenic (spinal cord 
damage with bladder paralysis) and other functional 
abnormalities of the ureter, bladder, and urethra (often 
termed dysfunctional obstruction). 


Hydronephrosis (Obstructive Atrophy) 


This term is used to describe dilatation of the renal 
pelvis and calyces associated with progressive atrophy 
of the kidney due to obstruction to the outflow of urine. 
The urinary obstruction can exist at any level from the 
urethra up to the pelvis and may be partial or complete, 
intermittent or total, unilateral or bilateral. Even with 
complete obstruction, glomerular filtration persists for 
some time since the filtrate subsequently diffuses back 
into the renal interstitium and perirenal spaces, where 
it ultimately returns to the lymphatic and venous sys- 
tems. Because of this continued filtration, the affected 
calyces and pelvis become dilated, often markedly so. 
The high pressure in the pelvis is transmitted back 
through the collecting ducts into the cortex, causing 
renal atrophy, but it also compresses the renal vascula- 
ture of the medulla, causing a diminution in the inner 
medullary plasma flow. The medullary vascular defects 
are reversible, but if protracted, obstruction will lead 
to functional disturbances. Accordingly, the initial func- 
tional alterations are largely tubular, manifested pri- 
marily by impaired concentrating ability. Only later 
does the GFR begin to diminish. Experimental studies 
indicate that serious irreversible damage occurs after 
about three weeks of complete obstruction and three 
months of incomplete obstruction. 


MORPHOLOGY. Hydronephrosis may be unilateral or 
bilateral. When the obstruction is sudden and complete, the 
reduction of glomerular filtration usually leads to mild dila- 
tation of the pelvis and calyces but sometimes to atrophy of 
the renal parenchyma. When the obstruction is subtotal or 
intermittent, glomerular filtration is not suppressed and pro- 
gressive dilatation ensues. Depending on the level of urinary 
block, the dilatation may affect first the bladder or ureter and 
then the kidney. Usually, in low obstruction in which both 
kidneys are affected, uremia cuts short the development of 
far-advanced hydronephrotic changes. 
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Grossly, the kidney may have slight-to-massive enlarge- 
ment. The earlier features are those of simple dilatation of 
the pelvis and calyces. Progressive blunting of the apices of 
the pyramids occurs, and eventually these become cupped. 
In far-advanced cases, the kidney may become transformed 
into a thin-walled cystic structure having a diameter of up to 
15 to 20 cm (Fig. 21-60) with striking parenchymal atrophy, 
total obliteration of the pyramids, and thinning of the cortex. 


THE KIDNEY 


CLINICAL Course. Acute obstruction may provoke 
pain attributed to distention of the collecting system or 
renal capsule. Most of the early symptoms are produced 
by the basic cause of the hydronephrosis. Thus, calculi 
lodged in the ureters may give rise to renal colic, and 
prostatic enlargements to bladder symptoms. 

Unilateral, complete, or partial hydronephrosis 
may remain silent for long periods of time. The unaf- 
fected kidney can maintain adequate renal function, and 
unfortunately the hydronephrosis may remain silent and 
lead to progressive nephron atrophy and destruction of 
one kidney. Sometimes its existence first becomes ap- 
parent in the course of intravenous pyelography. It is 
regrettable that this disease tends to remain asympto- 
matic, since it has been shown that in its very early 
stages, perhaps the first few weeks, relief of such 
obstruction is compatible with reversion to normal func- 
tion. Ultrasound has emerged as a very useful nonin- 
vasive technique in the diagnosis of obstructive uropa- 
thy. 


Figure 21-60. Hydronephrosis of kidney, with marked dilatation of 
pelvis and calyces and thinning of renal parenchyma. 


In bilateral partial obstruction, the earliest mani- 
festations are those of inability to concentrate the urine, 
reflected by polyuria and nocturia. Some patients will 
have acquired distal tubular acidosis, renal salt wasting, 
and secondary renal calculi, and a typical picture results 
of tubulointerstitial nephritis with scarring and atrophy 
of the papilla and medulla. Hypertension is common in 
such patients. 

Complete bilateral obstruction results in oliguria or 
anuria and is incompatible with long survival unless the 
obstruction is relieved. Curiously, after relief of com- 
plete urinary tract obstruction, postobstructive diuresis 
occurs. This can often be massive, with the kidney 
excreting large amounts of hypotonic urine rich in 
sodium chloride. The diuresis is caused by (1) impair- 
ment of sodium chloride reabsorption in the proximal 
distal tubules by the increased intertubular pressure, 
(2) effects of retained urea that act as a poorly reabsorb- 
able solute, (3) an impaired response to antidiuretic 
hormone, and (4) other poorly understood natriuretic 
factors. 


UROLITHIASIS 


Stones may form at any level in the urinary tract, 
but most arise in the kidney. Urolithiasis is a frequent 
clinical problem, with an incidence of 0.1 to 6% in the 
general population. From the clinical standpoint, it is 
said that one in every 1000 hospital admissions in the 
United States is for kidney stones. Males are affected 
somewhat more often than females and most patients 
are over age 30. Familial and hereditary predisposition 
to stone formation has long been known. Many of the 
inborn errors of metabolism, such as gout, cystinuria, 
and primary hyperoxaluria, provide good examples of 
hereditary disease characterized by excessive production 
and excretion of stone-forming substances. 

ETIOLOGY AND PATHOGENESIS. Most stones, about 
75 to 85%, are calcium containing, composed of calcium 
oxalate, or calcium oxalate mixed with calcium phos- 
phate, and (less commonly) calcium phosphate alone. 
Another 15% are so-called “triple stones” or struvite 
stones, composed of magnesium ammonium phosphate; 
6% are uric acid stones; and 1 to 3% are made up of 
cystine. An organic matrix of mucoprotein, making up 
1 to 5% of the stone by weight, is also present. Although 
there are many causes for the initiation and propagation 
of stones, the most important determinant is an in- 
creased urinary concentration of the stones’ constitu- 
ents. 

In the case of calcium-containing stones, about 10% 
of patients have both hypercalciuria and hypercalcemia, 
the latter occasioned by hyperparathyroidism, diffuse 
bone disease, vitamin D intoxication, sarcoidosis, the 
milk-alkali syndrome, renal tubular acidosis, or Cush- 
ings syndrome. Over one-half have hypercalciuria with- 
out hypercalcemia. This so-called “idiopathic hyper- 
calciuria’ is thought to be caused by one of two 
mechanisms. The first, called absorptive hypercalciuria, 


involves hyperabsorption of calcium from the intestine, 
which, however, is promptly offset by an increased 
renal output without the development of hypercalcemia. 
The second, called renal hypercalciuria, is due to an 
intrinsic impairment in renal tubular reabsorption of 
calcium. Up to 20% of calcium-containing stones are 
associated with increased uric acid secretion (hyperuri- 
cosuria), with or without hypercalciuria. The mechanism 
of stone formation in this setting involves nucleation of 
calcium oxalate by uric acid crystals in the collecting 
ducts. In 20% of patients with calcium stones, there is 
neither hypercalcemia nor hypercalciuria, and stone 
formation remains unexplained (idiopathic calcium stone 
disease). The contribution of hyperoxaluria to calcium 
oxalate stones is small and is limited to patients with 
the rare hereditary disorder of primary hyperoxaluria, 
and to the acquired hyperoxalurias found in patients 
with intestinal disease and with pyridoxine deficiency. 
Although the solubility of calcium oxalate does not vary 
within the pH range of urine, calcium phosphate pre- 
cipitates in alkaline urine. 

Magnesium ammonium phosphate stones are 
formed largely following infections by urea-splitting 
bacteria (such as Proteus and some staphylococci), which 
convert urea to ammonia. The resultant alkaline urine 
causes the precipitation of magnesium ammonium phos- 
phate salts. These form some of the largest stones, as 
the amounts of urea excreted normally are huge. In- 
deed, so-called stag-horn calculi are almost always as- 
sociated with infection. 

Uric acid stones are common in patients with 
hyperuricemia, such as gout, and diseases involving 
rapid cell turnover, such as the leukemias. However, 
more than half of all patients with urate calculi have 
neither hyperuricemia nor increased urinary excretion 
of uric acid. In this group, it is thought that an unex- 
plained tendency to excrete urine of pH below 5.5 may 
predispose to uric acid stones, as uric acid is insoluble 
in relatively acidic urine. In contrast to the radiopaque 
calcium stones, uric acid stones are radiolucent. Cystine 
stones are associated with a genetically determined 
defect in the renal transport of certain amino acids, 
including cystine. 

It can thus be appreciated that increased concen- 
tration of stone constituents, changes in urinary pH, or 
the presence of bacteria influence the formation of 
calculi. However, many calculi occur in the absence of 
these factors. It has, therefore, been postulated that 
changes in the urinary content of mucoproteins, which 
form the organic matrix of uroliths, may be important 
or, alternatively, that there is a deficiency in inhibitors 
of crystal formation in urine. The list of such inhibitors 
is long, including pyrophosphate, diphosphonate, mag- 
nesium, citrate, urea, polypeptides, and amino acids, 
but no consistent deficiency of any of these substances 
has been demonstrated in stone formers. 


Stones are unilateral in about 80% of patients. The 
favored sites for their formation are within the renal calyces 
and pelves and in the bladder. If formed in the renal pelvis, 
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they tend to remain small, having an average diameter of 2 
to 3 mm. These may have smooth contours or may take the 
form of an irregular, jagged mass of spicules. Often, many 
stones are found within one kidney (Fig. 21-61). Occasion- 
ally, progressive accretion of salts leads to the development 
of branching structures known as stag-horn stones, which 
create a cast of the pelvic and calyceal system (Fig. 21— 
62). 


Tumors of Kidney 


CLINICAL COURSE. Stones are of importance when 
they obstruct urinary flow or produce ulceration and 
bleeding. They may be present without producing any 
symptoms or significant renal damage. In general, 
smaller stones are most hazardous, since they may pass 
into the ureters, producing pain referred to as colic (one 
of the most intense forms of pain) as well as ureteral 
obstruction. Larger stones cannot enter the ureters and 
are more likely to remain silent within the renal pelvis. 
Commonly, these larger stones first manifest themselves 
by hematuria. Stones also predispose to superimposed 
infection, both by their obstructive nature and by the 
trauma they produce. 


TUMORS OF KIDNEY 


Both benign and malignant tumors occur in the 
kidney. In general, the benign tumors are incidental 
findings at autopsy and rarely have clinical significance. 
Malignant tumors, on the other hand, are of great 
importance clinically and deserve considerable empha- 
sis.!7*16 By far the most common of these malignant 
tumors is renal cell carcinoma, followed by Wilms’ 
tumor, which is found in children, and finally urothelial 
tumors of the calyces and pelves. 


BENIGN 


Cortical Adenoma 


Small, discrete adenomas having origin in the renal 
tubules are found rather commonly (7 to 22%) at au- 


topsy. 


These are usually under 2 cm in diameter. They are 
present invariably within the cortex and appear grossly as 
pale yellow-gray, discrete, seemingly encapsulated nodules. 
Microscopically, several variants are recognizable. Some 
tumors are composed of complex, branching, papillomatous 
structures with numerous complex fronds that project into a 
cystic space. Solid variants are found in which the cells grow 
in tubules, glands, cords, and totally undifferentiated masses 
of cells. 

The cell type for all these growth patterns is quite regular 
and free of atypia. The cells are cuboidal to polygonal in 
shape with distinct cell membranes; round, regular small 
central nuclei; and a highly granular cytoplasm that may be 
partially or totally vacuolated. The vacuoles contain neutral 
fats and, in addition, anisotropic lipids, presumably choles- 
terol. Despite the apparent discrete margin there is no well- 
defined capsule histologically. 
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Fig. 21-61 
Figure 21-61. Nephrolithiasis. Multiple, somewhat rounded stones are present in expanded pelvis 


and calyces. 
Figure 21-62. Nephrolithiasis. A fractured stag-horn calculus is present in somewhat dilated pelvis. 


By histologic criteria, these tumors do not differ from 
renal cell adenocarcinoma. In this differential, the size of the 
tumor has been used as a diagnostic feature; tumors over 
3 cm in diameter are likely to metastasize, whereas those 
under 3 cm rarely do. This is obviously useful as a rule of 
thumb only, since adenocarcinomas may arise from adeno- 
mas (see p. 1055). In addition, although most renal adeno- 
mas are incidental findings at autopsy, some of borderline 
size (2 to 3 cm) may be detected clinically during angiogra- 
phy (usually to rule out renal artery stenosis) or surgery. It 
seems appropriate to consider and treat those of borderline 
size as early cancers.'” 


Renomedullary Interstitial Cell Tumor (Renal 
Fibroma or Hamartoma) 


Occasionally, at autopsy, small foci of gray-white 
firm tissue, usually under 1 cm in diameter, are found 
within the pyramids of the kidneys. Characteristically, 
they tend to occur at the junction of the distal and 
middle thirds of the pyramids. Microscopic examination 
of these discloses fibroblast-like cells and collagenous 
tissue. Ultrastructurally, the cells have features of renal 
interstitial cells. The tumors have no malignant pro- 
pensities and, contrary to previous views, are not asso- 
ciated with hypertension.'” Rarely, one finds small, 
gray, hamartomatous nodules within the renal sub- 
stance, composed of abundant amounts of fibrous tissue, 
small cords of tubular cells, and prominent vessels. 


Miscellaneous Benign Tumors 


As might be anticipated, any other form of mes- 
enchymal benign tumor may occur in the kidney, such 
as hemangioma and angiomyolipoma. The latter is 


thought to be a hamartomatous malformation consisting 
of vessels, smooth muscle, and fat. However, angio- 
myolipomas are common in patients with tuberous scle- 
rosis, a disease characterized by lesions of the cerebral 
cortex that produce epilepsy and mental retardation, as 
well as a variety of skin abnormalities. 

A rare but interesting tumor is the so-called renin- 
producing juxtaglomerular cell tumor. These tumors 
usually occur in younger individuals and are associated 
with hypertension. Histologically, they resemble he- 
mangiopericytomas (p. 543), but granules similar to 
those in normal JG cells are seen with the electron 
microscope. Not all renin-secreting tumors are JG cell 
tumors, as some renal cell carcinomas and Wilms’ tu- 
mors have been shown to secrete renin. 

Oncocytoma is an epithelial tumor composed of 
large eosinophilic cells having small rounded benign 
appearing nuclei. The tumors are usually well encap- 
sulated. However, they may achieve a large size (up to 
12 cm in diameter) and thus should be differentiated 
from renal cell carcinomas.'”° 


MALIGNANT 


Renal Cell Carcinoma (Hypernephroma, 
Adenocarcinoma of Kidney) 


Renal cell carcinomas represent about 1 to 3% of 
all visceral cancers and account for 85 to 90% of all renal 
cancers in adults. They occur most often in older 
individuals, usually in the sixth and seventh decades of 
life, showing a definite male preponderance in the ratio 
of 3:1. Because of their gross yellow color and the 


resemblance of the tumor cells to clear cells of the 
adrenal cortex, it was once thought that they arose from 
adrenal “rests,” accounting for the term hyperne- 
phroma. It is now clear that these tumors arise from 
tubular epithelium and are therefore renal adenocarci- 
nomas. 

PATHOGENESIS. In laboratory animals, renal aden- 
ocarcinomas are readily induced by a variety of carcin- 
ogens, including chemical and viral agents, but few of 
these are potential carcinogens in humans. Epidemio- 
logic studies show a significantly greater frequency of 
adenocarcinoma of the kidney in cigarette, pipe, and 
cigar smokers. '*' Genetic factors may play an important 
role. Nearly two-thirds of patients with the von Hippel- 
Lindau syndrome develop bilateral, often multiple renal 
cell carcinomas. Recently a family with a history of 
adenocarcinomas was reported to have a dominantly 
inherited chromosomal aberration involving a translo- 
cation between chromosomes 3 and 8.' The relation- 
ship of renal cortical adenoma to the development of 
renal carcinoma deserves comment. Tumors less than 3 
cm in diameter have traditionally been regarded as 
adenomas because of their low frequency of metastases. 
However, large cortical adenomas have no histologic, 
histochemical, ultrastructural, or immunologic features 
that clearly distinguish them from well-differentiated 
adenocarcinomas. Some evidence suggests possible 
transition of a benign to a malignant growth. For these 
reasons, many workers believe that adenomas may form 
the subsoil from which the larger renal cell adenocar- 
cinomas eventually develop. 


MORPHOLOGY. In its macroscopic appearance, the 
tumor is quite characteristic. It may arise in any portion of 
the kidney, but more commonly affects the poles, particularly 
the upper one. Usually these neoplasms occur as solitary 
unilateral lesions, but occasionally bilateral tumors have 
been said to have arisen simultaneously. They are spherical 
masses, 3 to 15 cm in diameter, composed of bright yellow- 
gray-white tissue that distorts the renal outline. Commonly 
there are large areas of ischemic, opaque, gray-white necro- 
sis, foci of hemorrhagic discoloration and areas of softening. 
The margins are usually sharply defined and confined within 
the renal capsule, and deceptively give the appearance of 
encapsulation (Fig. 21-63). However, small satellite nodules 
are often found in the surrounding substance, providing clear 
evidence of the aggressiveness of these lesions. As the 
tumor enlarges, it may bulge into the calyces and pelvis, 
and eventually may fungate through the walls of the collect- 
ing system to extend even into the ureter. One of the striking 
characteristics of this tumor is its tendency to invade the 
renal vein and grow as a solid column of cells within this 
vessel. Further extension produces a continuous cord of 
tumor in the inferior vena cava and even in the right side of 
the heart. Despite this intravascular growth, however, dis- 
crete metastases may not occur. Occasionally, the tumor 
grows through the capsule to invade the adrenal and peri- 
nephric fat. 

Histologically the growth pattern varies from papillary to 
solid, trabecular (cordlike), or tubular (resembling tubules).'® 
In any single tumor, all variations in patterns of growth may 
be present. The most common tumor cell type is the clear 
cell, having a rounded or polygonal shape and abundant 
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Tumors of Kidney 


° 


Figure 21-63. Renal cell carcinoma. Typical cross section of 
spherical neoplasm in one pole of kidney. Note necrosis and 
hemorrhages in tumor. 


clear cytoplasm (Fig. 21-64); the latter on special stains 
contains glycogen and lipids. Twelve per cent of carcinomas 
consist of granular cells, which have a moderately eosino- 
philic cytoplasm, and 14% grow as spindle-shaped cells 
resembling mesenchymal tumors. Nuclear atypia is highly 
variable and shows some correlation with prognosis. Most 
tumors are either well differentiated (Grades | and Il), but 
some (Grade IV) show marked nuclear atypia with formation 
of bizarre nuclei and giant cells (Fig. 21-65). The stroma is 
usually scanty, but highly vascularized. Hemorrhages, scars, 
blood pigment, and calcification are common additional 
histologic features. 


CLINICAL Course. The three classic diagnostic fea- 
tures of costovertebral pain, palpable mass, and hema- 
turia unfortunately appear in only 10% of cases. The 
most reliable of the three is hematuria, which eventually 
appears in about 90% of cases. However, the hematuria 
is usually intermittent and may be microscopic; thus, 
the tumor may remain silent until it attains a large size. 
At this time, it gives rise to generalized constitutional 
symptoms such as fever, malaise, weakness, and weight 
loss. This pattern of asymptomatic growth occurs in 
many patients, so that the tumor may have reached a 
diameter of over 10 cm when it is discovered. 

Renal cell carcinoma is classified as one of the great 
“mimics” in medicine, since it tends to produce a 
diversity of systemic symptoms not related to the kid- 
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Fig. 21-64 


Fig. 21-65 


Figure 21-64. Renal cell carcinoma. Pathognomonic clear cell type. 
Figure 21-65. Renal cell carcinoma. Solid cell anaplastic variant. 


ney. In addition to the fever and constitutional symp- 
toms mentioned earlier, renal cell carcinomas produce 
a number of manifestations ascribed to hormones and 
hormone-like substances. These include (1) polycy- 
themia, seen in 5 to 10% of patients, due to erythro- 
poietin production by tumor cells; (2) hypercalcemia, 
due to production of parathyroid-like hormone; (3) hy- 
pertension, caused by renin secretion; (4) feminization 
or masculinization, due to elaboration of gonadotropins; 
(5) Cushing's syndrome, caused by secretion of gluco- 
corticosteroids; (6) eosinophilia and leukemoid reactions; 
and (7) amyloidosis.'** 

One of the common characteristics of this tumor is 
its tendency to metastasize widely before giving rise to 
any local symptoms or signs. In 25% of new patients 
with renal cell carcinoma, there is radiologic evidence 
of metastases when first seen. The histologic pattern of 
the excised lesion may disclose that it is, in reality, a 
metastatic site of latent renal carcinoma. The most 
common locations of metastasis are the lungs (over 50%) 
and bones (33%), followed in order by the regional 
lymph nodes, liver and adrenals, and brain. In 10 to 
15% of cases, the primary tumor metastasizes across the 
midline to the opposite kidney. In addition to these 
favored sites, renal cell carcinoma has been described 
as having metastasized to virtually every organ and 
every site in the body, sometimes to such uncommon 
locations as the eye and vagina. 

These tumors manifest some of the most bizarre 
growth behaviors in the realm of neoplasia. Sudden 
explosive growth with widespread metastasis is matched 


by slow, silent, asymptomatic growth for years. In a 
small number of cases, solitary metastases have occurred 
so that removal of the metastasis and the primary tumor 
has produced a cure. In still other instances, the metas- 
tases have mysteriously appeared in patients who have 
had nephrectomies 10 to 20 years before the discovery 
of the metastatic focus. 

It is essential that renal cell carcinomas be diag- 
nosed at the earliest possible stage, which is usually 
accomplished during the investigation of hematuria in a 
middle-aged or elderly patient. Renal ultrasonography, 
nephrotomography, CT scanning, and intravenous pye- 
lography aid in the differential diagnosis of a simple cyst 
from a tumor. The most characteristic diagnostic feature 
of the tumor is its vascular pattern, which can be 
appreciated by renal arteriography in over 95% of 
patients. Urinary cytology may also be helpful in iden- 
tifying tumor cells. 

The average five-year survival of renal cell carci- 
noma is about 45%, and up to 70% in the absence of 
distant metastases. With renal vein invasion or extension 
into the perinephric fat, the figure is reduced to ap- 
proximately 15 to 20%. Nephrectomy is the treatment 
of choice. 


Wilms’ Tumor (Nephroblastoma) 


This tumor is one of the more common organ 
cancers in children under the age of 10. The tumor 
arises most frequently between the ages of 1 and 4 
years, but rare cases have been reported in adults. 


Histologically, the tumor consists of different cell types, 
including epithelium, muscle, bone, and cartilage, all 
derived from the mesonephric mesoderm. The tumor is 
characterized by a number of karyotypic’® and con- 
genital'*® associations, including deletions in the short 
arms of chromosome 11, and occasionally trisomy, he- 
mihypertrophy, aniridia, and urogenital anomalies. 


Grossly, these tumors are generally large, expansile, 
spherical masses that totally dwarf the kidney. In certain 
cases, they may grow so large as to produce distention of 
the abdomen and a readily observable mass on casual 
inspection. In a child, one is reported to have achieved the 
weight of 30 Ib! They are usually unilateral but, in 5 to 10% 
of cases, bilateral tumors are encountered. On section, these 
tumors have a very variegated surface dependent on the 
tissue types produced. Myxomatous, soft, fish-flesh areas; 
solid gray, hyaline cartilaginous tissue; and areas of hem- 
orrhagic necrosis are the common components. The ag- 
gressive nature of these neoplasms is manifested by their 
propensity to rupture through the renal capsule and extend 
locally into the perirenal tissues. Sometimes they invade the 
mesentery of the bowel. Although they may invade the 
adrenal, more often they tend to push it ahead of the 
advancing neoplasm. 

Histologically, the characteristic features are primitive 
or abortive glomeruli with apparent or poorly formed Bowman 
spaces, and abortive tubules enclosed within a spindle cell 
stroma (Fig. 21-66). This combination of mesenchymal 
spindle cells and tubules has led to these tumors being 
called adenosarcomas and carcinosarcomas. In addition, 
striated muscle, smooth muscle, collagenous fibrous tissue, 
cartilage, bone, fat cells, and areas of necrotic tissue con- 
taining cholesterol crystals and lipid macrophages may all 
be seen. The most consistent of these various elements are 
the striated muscle cells. The ultimate histologic diagnosis 


Figure 21-66. Wilms’ tumor, illustrating tubule formation and abor- 
tive glomeruli in a loose fibrous stroma. 
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rests on identification of the primitive organoid structures of 
the glomeruli and tubules as well as the strongly supportive 
evidence of striated muscle fibers. The degree of atypia in 
the stromal component generally correlates with prog- 
nosis. '®” 


Tumors of Kidney 


Most children with these neoplasms present with a 
large abdominal mass that may be unilateral or, when 
very large, may extend across the midline and down 
into the pelvis. Hematuria, pain in the abdomen follow- 
ing some hemorrhagic incident, intestinal obstruction, 
and the appearance of hypertension are other patterns 
of presentation. In a considerable number of these 
patients, pulmonary metastases are present at the time 
of primary diagnosis. 

Up to the mid-1960s, the five-year survival of these 
patients was tragically low (10 to 40%), a tragedy ren- 
dered the more poignant because of the age of the 
patients. However, the combined use of chemotherapy, 
radiotherapy, and surgery has produced dramatic results 
in patients whose lesions were previously thought to be 
inoperable. Most large centers now report up to 90% 
long-term survivals if the tumors are available for pri- 
mary treatment with the three modalities mentioned. 
Even recurrences can be successfully treated. 


Urothelial Carcinomas of Renal Pelvis 


Approximately 5 to 10% of primary renal tumors 
occur in the renal pelvis. These tumors span the range 
from apparently benign papillomas to frank papillary 
carcinomas but, as with bladder tumors, the benign 
papillomas are difficult to differentiate from the low- 
grade papillary cancers (p. 1070). 

Renal pelvic tumors usually become clinically ap- 
parent within a relatively short time because they lie 
within the pelvis and, by fragmentation, produce no- 
ticeable hematuria. They are almost invariably small 
when discovered (Fig. 21-67). These tumors are almost 
never palpable clinically; however, they may block the 
urinary outflow and lead to palpable hydronephrosis 
and flank pain. Histologically, pelvic tumors are the 
exact counterpart of those found in the urinary bladder; 
for further details, reference should be made to that 
section (p. 1070). 

Occasionally, urothelial tumors may be multiple, 
involving the pelvis, ureters, and bladder. In 50% of 
renal pelvic tumors there is a preexisting or concomitant 
bladder urothelial tumor.'** Histologically, there are 
also foci of atypia or carcinoma in situ in grossly normal 
urothelium remote from the pelvic tumor.!® All these 
facts point to a generalized “field” effect, caused by a 
carcinogenic influence on urothelium (p. 1072). As men- 
tioned earlier, there is a strikingly increased incidence 
of urothelial carcinomas of the renal pelvis and bladder 
in patients with analgesic (and Balkan) nephropathy, but 
the precise carcinogen in these conditions is at present 
unknown. , 

Infiltration of the wall of the pelvis and calyces is 
common, and renal vein involvement likewise occurs. 
For this reason, despite their apparent small, decep- 
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Figure 21-67. Urothelial carcinoma of renal pelvis. Pelvis has been 
opened to expose nodular irregular neoplasm (arrow). 


tively benign appearance, the prognosis for these tumors 
is not good. Five-year survivals vary from 50 to 70% for 
low-grade superficial lesions to 10% with high-grade 
infiltrating tumors. 
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THE LOWER URINARY TRACT 


Ureters 
NORMAL Tumors Extrinsic obstructive diseases 
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Double and bifid ureters Calculi Inflammation 
Aberrant renal vessels Strictures Sclerosing retroperitonitis 
Miscellaneous congenital anomalies Tumors (retroperitoneal fibrosis) 
Inflammation Blood clot 


NORMAL 


The ureters arise as budlike outgrowths from the 
mesonephric or wolffian ducts. These buds elongate to 
produce the long, definitive tubular structures found in 
the adult. They grow into the metanephric anlage, which 
covers them in the form of a cap. Tubular projections 
from the blind end give rise to the collecting tubules. 
These eventually anastomose with the distal convoluted 
tubules of the renal nephron and thus provide drainage 
for the functioning nephron. 

In the normal adult of average size, the ureters are 
approximately 30 cm in length and about 5 mm in 
diameter. They lie throughout their course in a retro- 
peritoneal position. As they enter the pelvis, they pass 
anterior to either the common iliac or external iliac 
artery. In the female pelvis, they lie close to the uterine 
arteries and are therefore vulnerable to injury in oper- 
ations on the female genital tract. There are three points 
of slight narrowing: at the ureteropelvic junction, where 
they enter the bladder, and where they cross the iliac 
vessels, all providing loci where renal calculi may be- 
come impacted when they pass from the kidney to the 
bladder. 

On histologic section, ureters are composed of three 
distinct coats: an outer fibrous investment; a_ thick 
muscular coat with the fibers traveling, for the most 
part, in a circular fashion but with, however, a less well- 
developed longitudinal layer of muscle; and a lining 
mucosa of transitional epithelium (urothelium) resem- 
bling that found in the renal pelvis and bladder (p. 
1065). This epithelium rests on a well-developed base- 
ment membrane. Active peristaltic waves propel urine 
through the ureters into the bladder. As the ureters 
enter the bladder, they pursue an oblique course, 
terminating in a slitlike orifice. This orifice is marked 
by a slight papilliform elevation in the floor of the 
bladder. The obliquity of this intramural segment of the 
ureteral orifice permits the enclosing bladder muscula- 
ture to act as a sphincteric valve, blocking the upward 
reflux of urine even in the presence of marked distention 
of the urinary bladder. As discussed earlier, a defect in 
the intravesical portion of the ureter leads to vesico- 
ureteral reflux (p. 1031). 
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PATHOLOGY 


As a generalization, the processes in which the 
ureters become involved are most commonly primary 
in either the kidney or the bladder. Ureteral involve- 
ment, then, is usually overshadowed clinically and an- 
atomically by the accompanying underlying disorders. 
The most important category of lesions to affect them 
falls under the heading of obstructive disease. 


CONGENITAL ANOMALIES 


Congenital anomalies of the ureters occur in about 
2 or 3% of all autopsies. They are, for the most part, of 
only incidental interest and have little clinical signifi- 
cance. Rarely, certain anomalies may contribute to 
obstruction to the flow of urine and thus cause clinical 
disease. Anomalies of the ureterovesical junction, po- 
tentiating reflux, are discussed on p. 1031. 


DOUBLE AND BIFID URETERS 


Double ureters (derived from a double or split 
ureteral bud) are almost invariably associated either 
with totally distinct double renal pelves or with the 
anomalous development of a very large kidney, having 
a partially bifid pelvis terminating in separate ureters. 
Double ureters may pursue separate courses to the 
bladder, but commonly are joined within the bladder 
wall and drairi through a single ureteral orifice. Separate 
ureteral orifices into the bladder are extremely unusual. 
More commonly with a double origin, they unite at 
some midway point to create a Y-shaped structure. 
Division of a proximally single ureter in the pelvis into 
two ureters, forming essentially an inverted Y, is a very 
infrequent occurrence. These anomalies are consistent 
with adequate function. 


ABERRANT RENAL VESSELS 


Occasionally an aberrant vein, but more usually an 
artery, is found supplying the lower pole of the kidney. 


These aberrant vessels are derived from the major renal 
vessels or even from the aorta. When they cross anterior 
to the ureter, these vessels may compress the ureter, 
usually at the ureteropelvic junction, causing narrowing 
and sometimes obstruction of the ureteropelvic junction. 
Contrary to previous belief, however, aberrant vessels 
are uncommon causes of ureteropelvic obstruction. Most 
frequently the latter is due to a congenital anatomic 
abnormality of the junction itself, or to acquired peri- 
ureteral inflammatory fibrous bands. 


MISCELLANEOUS CONGENITAL ANOMALIES 


Anomalous valves, narrowing or strictures, kinks, 
and torsions of the ureters usually occur at the level of 
the ureteropelvic junction. Although infrequent, they 
may be important as causes of obstruction. Diverticula, 
saccular outpouchings of the ureteral wall, are uncom- 
mon lesions. They appear as congenital or acquired 
defects and are of importance as pockets of stasis and 
secondary infections. Dilatation, elongation, and tor- 
tuosity of the ureters (hydroureter) may occur as con- 
genital anomalies or as acquired defects. Congenital 
hydroureter is thought to reflect some neurogenic defect 
in the innervation of the ureteral musculature. The 
acquired form is seen in Chagas’ disease, in low ureteral 
obstruction, or in pregnancy. In the last-named circum- 
stance, pressure of the enlarged uterus and relaxation 
of the smooth muscle both contribute. Massive enlarge- 
ment of the ureter is known as megaloureter and is 
probably due to a functional defect of ureteral muscle. 
These anomalies are sometimes associated with some 
congenital defect of the kidney. They are more fre- 
quently encountered in patients who die early in life 
from this associated renal disorder, but are sometimes 
found in adults with polycystic kidney disease. Megalo- 
ureter may cause some functional impairment of urinary 
flow and thus may secondarily lead to dilatation of the 
renal collecting system. 


INFLAMMATION 


Ureteritis may develop as one component of urinary 
tract infections, described on page 1030. The morpho- 
logic changes are entirely nonspecific. Only infrequently 
does such ureteritis make a significant contribution to 
the clinical problem. 

Persistence of infection or repeated acute exacer- 
bations may give rise to chronic inflammatory changes 
within the ureters. 


In the more usual form, the chronic inflammatory 
changes comprise reddening and granularity of the ureteral 
mucosa, both of which are more marked than those found 
in acute inflammation. Superficial ulcerations or areas of 
sloughing necrosis may be present in the more virulent 
infections and merit the designation of ulcerative gangre- 
nous ureteritis. Noteworthy is the possible causation of 
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Ureters 


Figure 22-1. Ureteritis cystica. 


gangrenous ureteritis by irradiation of the abdomen and 
pelvis for the treatment of a malignancy. 

In certain cases of long-standing chronic ureteritis, spe- 
cialized reaction patterns are sometimes observed. The 
accumulation or aggregation of lymphocytes in the subepi- 
thelial region may cause slight elevations of the mucosa and 
produce a fine granular mucosal surface (ureteritis fol- 
licularis). At other times, the mucosa may become sprinkled 
with fine cysts varying in diameter from 1 to 5 mm (ureteritis 
cystica). Chronic urinary tract infection is the most common 
antecedent of this interesting lesion. Nests of epithelium 
become pinched off and buried in inflammatory reaction. 
These sequestered epithelial nests give rise to small sub- 
mucosal cysts. The cysts appear on the surface of the 
mucosa as small (0.1 to 0.5 cm), clear, thin-walled (hemi- 
spheric) vesicles (Fig. 22-1). They may aggregate to form 
small, grapelike clusters. When they are opened, clear 
serous or slightly viscid fluid escapes. Histologic sections 
through such cysts demonstrate a lining of modified transi- 
tional epithelium with some flattening of the superficial layer 
of cells. 


TUMORS 


Primary neoplasia of the ureter is very rare; the 
most common forms are malignant. Metastatic seeding 
from other primary lesions occurs much more often than 
primary growths. 

Small benign tumors of the ureter are generally of 
mesenchymal origin. They include the usual variety of 
neoplasms derived from fibrous tissue, blood vessels, 
lymphatics, and smooth muscle. These appear as well- 
encapsulated, submucosal nodules less than 1 cm in 
diameter, which are rarely of sufficient size to cause 
obstruction of the ureteral lumen. 

The primary malignant tumors of the ureter follow 
the identical patterns of those arising in the renal pelvis, 
calyces, and bladder, because all these structures are 
lined by the same transitional epithelium (urothelium).' 
They are found most frequently during the sixth and 
seventh decades of life, and are sometimes multiple and 
occasionally concurrent with similar neoplasms in the 
bladder or renal pelvis. 
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OBSTRUCTIVE LESIONS 


A great variety of pathologic lesions may obstruct 
the ureters and give rise to hydroureter, hydrone- 
phrosis, and sometimes pyelonephritis. Obviously, it is 
not the ureteral dilatation that is of significance in these 
cases, but the consequent involvement of the kidneys.’ 
The latter has been detailed on page 1051. Here, some 
of the causes of ureteral obstruction will be discussed. 
These may be conveniently separated into intrinsic 
ureteral disease and extrinsic lesions that compress the 
ureters. 


INTRINSIC OBSTRUCTIVE DISEASES 


These will be mentioned in order of clinical impor- 
tance. 

CALCULI. Calculous obstruction of the ureters not 
only is the most frequent cause of obstruction but, at 
the same time, is the cause of one of the most intense 
forms of pain encountered in clinical practice—renal 
colic. Ureteral calculi almost invariably arise within the 
kidney and are more fully considered on page 1052. 
They vary from small, round-to-ovoid formations to 
irregular crystalline deposits, usually less than 0.5 cm 
in diameter. Stones larger than this do not enter the 
ureteropelvic junction, and therefore remain within the 
pelvis. The usual sites of impaction, as mentioned, are 
at loci of ureteral narrowing: the ureteropelvic junction; 
where the ureters enter the bladder; and where they 
cross the iliac vessels. Intrapelvic calculi are usually 
quite innocuous, except for the possible production of 
traumatic injury to the pelvic mucosa. 

STRICTURES. Narrowing by strictures may occur 
from either congenital anomalous development or ac- 
quired deformities. Acquired strictures may be caused 
by operative trauma. Because of the close anatomic 
relationship of the ureter to the uterine arteries, ureteral 
damage occasionally occurs in pelvic surgery. Inclusion 
of the ureter into a surgical ligature or even transection 
of a ureter is encountered, fortunately rarely. Early 
recognition of this accident permits reconstructive pro- 
cedures and restoration of normal urinary flow. Intrinsic 
inflammation or periureteral inflammatory reactions, 
occurring, for example, in chronic salpingitis, divertic- 
ulitis, sclerosing retroperitonitis, and adhesions follow- 
ing peritonitis, may also lead to narrowing or obstruc- 
tion. Congenital strictures usually occur at the sites of 
physiologic narrowing, particularly the ureteropelvic 
junction and the entrance of the ureter into the urinary 
bladder. Other common causes of such narrowing are 
aberrant renal vessels, congenital valves, or stenosis. 

Tumors. Malignant tumors and, quite rarely, be- 
nign tumors may give rise to obstruction. The manner 
in which they produce impairment of urinary flow is 
twofold: first, by formation of an intraluminal mass, and 
second, by invasion and thickening of the underlying 
wall with consequent narrowing of the lumen. 

BLoop CLot. Hematuria arising in the kidney or 
in a ureteral lesion may be sufficiently massive to permit 
the formation of clots, which may lodge and cause 
obstruction. This magnitude of bleeding is most often 


associated with calculi, tumors, or papillary necrosis. 
The hematuria associated with various forms of inflam- 
matory and degenerative disease of the kidneys is usu- 
ally sufficiently diluted by urine to prevent the formation 
of clots. Organization of the blood clot at its site of 
lodgement may anchor the obstruction and produce 
progressive narrowing- of the constriction by the fibro- 
blastic response. 


EXTRINSIC OBSTRUCTIVE DISEASES 


PREGNANCY. Ureteral dilatation is a frequent ac- 
companiment of pregnancy. It is still not known whether 
the dilatation results from endocrine causes, physiologic 
relaxation of smooth muscle, or pressure upon the 
ureters at the pelvic brim. The greater tendency for the 
right than for the left ureter to be dilated suggests that 
the last explanation is more likely, since the uterine 
fundus twists slightly to the right with increase in size. 

Tumors. Malignant tumors of the rectum, prostate, 
bladder, and female pelvic organs, particularly endo- 
metrial and cervical carcinoma, are major causes of 
narrowing of the ureters, either by external pressure or 
by direct invasion of the ureteral wall. This sequence of 
events constitutes one of the major complications of 
advanced carcinoma of the cervix. Retroperitoneal sar- 
comas, including lymphomas, and metastatic involve- 
ment of periureteral lymph nodes all behave in a similar 
fashion. 

INFLAMMATION. It has already been indicated that 
periureteral inflammations may involve the ureters sec- 
ondarily and, in the course of healing, cause scarring 
that may give rise to significant narrowing. 

SCLEROSING RETROPERITONITIS (RETROPERITO- 
NEAL FIBROMATOSIS). This entity of obscure origin is an 
uncommon cause of ureteral narrowing or obstruction, 
and comes to medical attention by causing hydrone- 
phrosis. 


It is characterized by ill-defined fibrous masses that 
begin over the sacral promontory, encircle the lower abdom- 
inal aorta, and extend laterally through the retroperitoneum 
to enclose and encroach on the ureters. Microscopically, the 
otherwise banal inflammatory fibrosis is marked by a prom- 
inent inflammatory infiltrate of lymphocytes, plasma cells, 
and eosinophils. Sometimes, foci of fat necrosis, granuloma- 
tous inflammation of the walls of veins, and acute or chronic 
vasculitis are seen in and about the fibrosis. 


The etiology of this condition is obscure. In some 
instances there is an underlying lymphoproliferative 
malignancy, a traumatic retroperitoneal injury, a visceral 
or intra-abdominal infection, or a history of intake of 
the drug methysergide, an ergot derivative used for 
migraine.* However, most cases have no obvious cause. 
Several cases have been reported with similar fibrotic 
changes in other sites in the body, such as mediastinal 
fibrosis, sclerosing cholangitis, and Riedel’s (fibrosing) 
thyroiditis, suggesting that the disorder is systemic in 
distribution but preferentially involves the retroperito- 
neum. Thus, a systemic autoimmune reaction, possibly 
triggered by drugs, has been proposed.? 


Bladder 1065 


Bladder 


NORMAL Ulcerative Interstitial cystitis (Hunner's Mesenchymal tumors 
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Encrusted cystitis Carcinoma 
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Obstruction 
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Carcinoma in situ and precancerous 


lesions 


NORMAL 


Only those anatomic features that have pertinence 
to pathology will be mentioned here. The bladder exists 
almost entirely as an extraperitoneal structure situated 
deeply within the pelvis. It is in contact with the 
peritoneal cavity only in its most superior anterior 
aspect, where the peritoneum reflects from the anterior 
abdominal wall over the dome of the bladder. In the 
female, this peritonealized area is somewhat smaller 
than in the male, owing to the posteriorly situated 
uterus. The close relationship of the female genital tract 
to the bladder is of considerable significance. It makes 
possible the spread of disease from one tract to the 
other. In middle-aged and elderly females, relaxation of 
pelvic support leads to prolapse (descent) of the uterus, 
pulling with it the floor of the bladder. In this fashion, 
the bladder is protruded into the vagina, creating a 
pouch—cystocele—that fails to empty readily with mic- 
turition. Frequency, loss of sphincteric control with 
dribbling, and predisposition to urinary tract infections 
may follow. In the male, the seminal vesicles and 
prostate have similar close relationships, being situated 
just posterior and inferior to the neck of the bladder. 
Thus, enlargement of the prostate, so common in middle 
to later life, constitutes an important cause of urinary 
tract obstruction. 

HISTOLOGY OF NORMAL UROTHELIUM.* The normal 
bladder is lined by a uniform transitional epithelium, 
which rests on a thin basal lamina. In humans the 
normal urinary mucosa is rarely more than seven to 
eight cells thick and consists of three zones (Fig. 22-2). 
The superficial zone consists of a single layer of large, 
flattened cells that cover relatively large areas, giving 
rise to the term “umbrella” cells. An intermediate zone 
contains four to five layers when the bladder is maxi- 
mally stretched, and six to eight when it is fully con- 
tracted. The basal zone consists of a single layer of small 
cells that are cylindrical in contracted bladders and 
flattened in distended ones. Thickening (hyperplasia) of 
this mucosal layer and irregularity of the cell and nu- 
clear size and shape are seen in inflammatory, preneo- 
plastic, and neoplastic states. Indeed, cellular atypia is 
an almost invariable antecedent to the development of 
neoplasms. Ultrastructurally, bladder epithelium is 
characterized by unique scalloped, concave, rigid mem- 
brane plaques—the asymmetric unit membrane (AUM) 


plaque—present mostly on the luminal surface of such 
cells (Fig. 22-3). These plaques form one side of the 
fusiform vesicles, which are intracytoplasmic structures 
unique to urothelium. Bladder epithelium also contains 
numerous desmosomes, which increase in number from 
basal to superficial layers. 

Several variants of this normal mucosal pattern may 
be encountered. Nests of urothelium or inbudding of 
the surface epithelium may be found occasionally in the 
mucosal lamina propria; these are sometimes referred 
to as Brunn’s nests. Although in the past such changes 
have been thought to result from chronic inflammatory 
stimulation of the bladder mucosa, they may merely 
represent normal variations in morphology. Similarly, 
small cystic inclusions lined by cuboidal or columnar 
epithelium are sometimes found in the lamina propria. 


PATHOLOGY 


Diseases of the bladder, particularly inflammation 
(cystitis), constitute an important source of clinical signs 
and symptoms. Usually, however, these disorders are 
more disabling than lethal. Cystitis is particularly com- 
mon in young women in the reproductive age and in 
older age groups of both sexes. Tumors of the bladder 
are an important source of both morbidity and mortality. 


CONGENITAL ANOMALIES 
DIVERTICULA 


A bladder or vesical diverticulum consists of a 
pouchlike eversion or evagination of the bladder wall. 
Diverticula may arise as congenital defects or as ac- 
quired lesions from persistent urethral obstruction. The 
acquired forms are more frequent. Diverticula, of both 
congenital and acquired origin, are encountered in 
approximately 5 to 10% of the routine autopsy popula- 
tion of older individuals. They are uncommon in persons 
under the age of 50 and are more prevalent in males, 
presumably because of the causal role of enlargement 
of the prostate. : 

The congenital form may be due to a focal failure 
of development of the normal musculature or to some 
urinary tract obstruction during fetal development. Al- 
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The superficial zone contains a single layer of large, so-called “umbrella” cells (arrows). The 
intermediate zone is several cell layers thick. The basal zone is composed of a single layer of small, 
cylindrical cells. Submucosal capillaries in the contracted bladder characteristically invaginate into the 
subepithelial basement membrane (asterisk) (x 530). (From Pauli, B. U., et al.: The ultrastructure 
and pathobiology of urinary bladder cancer. /n Cohen, S., and Bryan, G. T. (eds.): The Pathology of 
Bladder Cancer. Boca Raton, CRC Press, 1984. Reprinted with permission. Copyright CRC Press, 
Inc. Courtesy of Dr. J. Altoy, Tufts New England Medical Center, Boston.) 


Figure 22-3. Luminal surface of two superficial ceils of dog urinary bladder, joined by a zonula 
occludens intercellular junction (ZO). The luminal membrane has a scalloped appearance due to the 
presence of rigid, curved, AUM plaques alternating with short segments of symmetric unit membrane, 
which serve as “hinge” areas. Intracytoplasmic fusiform vesicles (FV) are lined by AUM plaques 
(x 52,000). Inset: The thicker leaflets of the AUM plaque of fusiform vesicles face inward, lining the 
intravesicular space. This leaflet contains particulate membrane components (arrows) ( x 160,000). 


(From Alroy, J.: Ultrastructure of canine urinary bladder carcinoma. Vet. Pathol. 16:693, 1979. 
Reprinted with permission.) 


ternatively, diverticula may develop from budlike out- 
growths of the fetal bladder. In any event, some mus- 
culature is retained within the wall of such diverticula, 
although it may be thinner than normal. These may 
occur as single defects or, at most, are few in number 
(Fig. 22-4), 

The acquired variety implies the presence of a 
normal bladder at the time of birth, with consequent 
urethral obstruction causing pouchlike eversions at 
points of decreased resistance to pressure. The sequence 
of events can be set forth as follows: (1) urethral obstruc- 
tion; (2) hypertrophy of the bladder muscle with tra- 
beculation of the wall; (3) formation of small, primitive 
sacculations (cellules) between the muscle trabeculae; 
and (4) creation of large, saclike pouches that expand 
between muscle groups. The diverticula have markedly 
thinned musculature and, in the more advanced lesions, 
may have virtually no intrinsic musculature but only a 
mucosa with tunica propria. This form occurs as multiple 
lesions throughout the bladder (Fig. 22-5). In both 
forms, the diverticulum usually consists of a round-to- 
ovoid, saclike pouch that varies from less than 1 cm to 
5 to 10 cm in diameter. The mucosal lining may show 
inflammation as well as glandular or squamous meta- 
plastic changes. 

Diverticula are of clinical significance because they 
constitute sites of urinary stasis that tend to become 
infected. The thinness of the wall predisposes to bac- 
terial penetration or perforation and the possible devel- 


a ee 
Figure 22—4. Mouth of a bladder diverticulum of congenital origin, 
situated high in dome of bladder. 
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Figure 22—5. Acquired diverticula of bladder. Note bladder distention 
as indicated by 15-cm rule and trabeculation of wall. 


opment of perivesical infections or spread of infection 
into the peritoneal cavity. Urinary stasis in these struc- 
tures also predisposes to the precipitation of calcium 
salts and the formation of bladder calculi. 


EXSTROPHY OF BLADDER 


Exstrophy of the bladder implies the presence of a 
developmental failure in the anterior wall of the abdo- 
men and the bladder, so that the bladder either com- 
municates directly through a large defect with the 
surface of the body or lies as an opened sac. It is 
believed to have its origin in the failure of downgrowth 
of the mesoderm over the anterior aspect of the bladder. 
The musculature of the bladder and adjacent abdominal 
wall never develops, and the bladder ruptures anteriorly 
to communicate with the skin surface. Exstrophy is 
associated not only with developmental defects in the 
musculature of the abdominal wall, but also with defec- 
tive closure or formation of the symphysis pubis. This 
anomaly is rare. The exposed bladder mucosa is subject 
to the development of infections that often spread to 
upper levels of the urinary system. In the course of 
persistent chronic infections, the mucosa often becomes 
converted into an ulcerated surface of granulation tissue, 
and the preserved marginal epithelium becomes trans- 
formed into a stratified squamous type. There is an 
increased tendency toward the development of carci- 
noma, mostly adenocarcinoma. Although death from 
pyelonephritis or urinary failure is common, these le- 
sions are amenable to surgical correction, and long-term 
survival is possible. 
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Vesicoureteral reflux is the most common and 
serious anomaly. As a major contributor to renal infec- 
tion and scarring it is discussed in detail in Chapter 21. 

Absence of the bladder and hypoplasia are very 
uncommon congenital defects. Occasionally, an incom- 
plete transverse septum may create a so-called “hour- 
glass” deformity. Abnormal connections between the 
bladder and the vagina, rectum, or uterus may create 
congenital vesicouterine fistulas. 

Rarely, the uwrachus may remain patent in part or 
in whole. When it is totally patent, a fistulous urinary 
tract is created that connects the bladder with the 
umbilicus. At times, the umbilical end or the bladder 
end remains patent, while the central region is obliter- 
ated. A sequestered umbilical epithelial rest or bladder 
diverticulum is formed that may provide a site for the 
development of infection. At other times, only the 
central region of the urachus persists, giving rise to 
urachal cysts, lined by either transitional or metaplastic 
epithelium. Carcinomas, mostly adenocarcinomas, have 
been reported to arise in such cysts. 


INFLAMMATIONS 
ACUTE AND CHRONIC CYSTITIS 


The pathogeneses of cystitis and the common bac- 
terial and mycotic etiologic agents were already dis- 
cussed in some detail in the consideration of urinary 
tract infections (UTI) on page 1030. As emphasized 
earlier, bacterial pyelonephritis is frequently preceded 
by infection of the urinary bladder, with retrograde 
spread of microorganisms into the kidneys and their 
collecting systems. The common etiologic agents of 
cystitis are the coliforms—E. coli, followed by Proteus, 
Klebsiella and Enterobacter. Less common offenders 
are Streptococcus faecalis and staphylococci. Thus, in 
the great preponderance of cases, the causative agents 
of cystitis are the patients’ own fecal flora. Tuberculous 
cystitis is almost always a sequel to renal tuberculosis. 
Rarely, Candida albicans (monilia) and, much less often, 
cryptococcal agents cause cystitis, particularly in pa- 
tients on long-term antibiotics. More is said about 
monilial infection on page 352. More rarely seen are 
trichomonal and schistosomal causations. Within the 
recent past, it has become apparent that viruses (e.g., 
adenovirus), chlamydia (p. 292), and mycoplasma may 
also be causes of cystitis. Patients receiving cytotoxic 
antitumor drugs and radiation may develop noninfec- 
tious cystitis. 


MORPHOLOGY. The great majority of cases of cystitis 
take the form of nonspecific acute or chronic inflammation 
of the bladder.® 

The first alteration, in the acute stage, is hyperemia of 
the mucosa. At this stage, the normal velvety character of 
the mucosa is preserved. In more advanced cases, hyper- 


emia may become transformed to focal or diffuse hemor- 
rhagic discolorations associated with the precipitation of 
gray-white to yellow suppurative exudate. As the inflamma- 
tory reaction progresses in severity, the normal mucosa is 
replaced by a friable, hemorrhagic, granular surface with 
many shallow, focal ulcers filled with exudate. When the 
hemorrhagic component is a dominant feature, it is desig- 
nated hemorrhagic cystitis. This form of cystitis sometimes 
follows radiation injury or antitumor chemotherapy with 
cyclophosphamide’ and is often accompanied by epithelial 
atypia. Adenovirus infection also causes a hemorrhagic 
cystitis. The accumulation of large amounts of suppurative 
exudate may merit the designation of suppurative cystitis. 
Progression of the infection may give rise to sloughing and 
ulceration of large areas of the mucosa, or sometimes the 
entire bladder mucosa; this is known as ulcerative cystitis. 
One variant of this condition is ulcerative interstitial cystitis 
(Hunner’s ulcer), described later. In suppurative cystitis, 
coagulation of the exudate and necrotic mucosa may pro- 
duce a membranous cystitis. This infection may extend 
into the underlying wall to cause deeply excavated ulcera- 
tions and intramural abscesses. Inflammatory edema may 
cause sufficient ischemia to produce gangrenous cystitis. 
Under these circumstances, the surface mucosa may appear 
green-black and totally necrotic. In far-advanced cases, 
when the organisms are particularly virulent, the infection 
may extend through the bladder to cause perivesical ab- 
scesses, perforation, sinus tracts to neighboring structures, 
and pelvic peritonitis. 

Persistence of the infection leads to chronic cystitis, 
which differs from the acute form only in the character of 
the inflammatory infiltrate. There is more extreme heaping 
up of the epithelium with the formation of a red, friable, 
granular, sometimes ulcerated surface. Chronicity of the 
infection gives rise to fibrous thickening in the tunica propria 
and consequent thickening and inelasticity of the bladder 
wall. 

The histologic findings of most of these variants of acute 
and chronic nonspecific cystitis are exactly those that can 
be anticipated in any such nonspecific inflammation (Fig. 
22-6). Mention might be made of a special form of chronic 
inflammatory reaction, the aggregation of lymphocytes into 
lymph follicles within the bladder mucosa and underlying 
wall, creating a variant of chronic cystitis known as cystitis 
follicularis. 


All forms of cystitis are characterized by a triad of 
symptoms: (1) frequency, which in acute cases may 
necessitate urination every 15 to 20 minutes; (2) lower 
abdominal pain localized over the bladder region or in 
the suprapubic region; and (3) dysuria—pain or burning 
on urination. Associated with these localized changes, 
there may be systemic signs of inflammation such as 
elevation of temperature, chills, and general malaise. 
In the usual case, the bladder infection does not give 
rise to such a constitutional reaction. 

The local symptoms of cystitis may be disturbing 
but these infections are more important as antecedents 
to pyelonephritis. Cystitis is usually a secondary com- 
plication of some underlying disorder such as prostatic 
enlargement, cystocele of the bladder, or kidney infec- 
tions. These primary diseases must be corrected before 
the cystitis can be relieved. 


infiltrate and marked dilatation of blood vesssels. 


SPECIAL FORMS OF CYSTITIS 


There is a multiplicity of so-called special variants 
of cystitis that are distinctive by either their morphologic 
appearance or their causation. 

ENCRUSTED CystiTIs. This term is applied to those 
instances of nonspecific cystitis characterized by precip- 
itation of urinary salts, particularly phosphates, upon 
the bladder surface. The crystalline, gray-white, gran- 
ular precipitate creates a focal or diffuse encrustation of 
the bladder mucosa. Chronic cystitis with its attendant 
changes invariably underlies this condition. Usually, 
urea-splitting bacteria are found in such infections. 
These produce alkalinity of the bladder urine, and favor 
precipitation of magnesium or calcium ammonium phos- 
phate stones. 

ULCERATIVE INTERSTITIAL CYSTITIS (HUNNER’S UL- 
CER). This is a persistent chronic cystitis occurring most 
frequently in women and associated with inflammation 
and fibrosis of all layers of the bladder wall. A localized 
ulcer is often present. The condition is of unknown 
etiology, but is often highly incapacitating and difficult 
to treat.® 

EMPHYSEMATOUS CysTITIS. This occurs most fre- 
quently in diabetics and is associated with gas bubbles 
in the submucosal connective tissue. It is presumably 
caused by gas-forming bacteria. Giant cells often sur- 
round the gas bubbles. 

MALAKOPLAKIA. This designation refers to a pecu- 
liar pattern of vesical inflammatory reaction character- 
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ized macroscopically by soft yellow, slightly raised, 
mucosal plaques 3 to 4 cm in diameter (Fig. 22—7).° The 
surrounding mucosa is generally edematous, hyperemic, 
and inflammatory. Histologically, the plaques are made 
up of closely packed, large, foamy macrophages with 
occasional multinucleate giant cells and interspersed 
lymphocytes. The macrophages have an abundant gran- 
ular cytoplasm. The:granularity is PAS positive and due 
to phagosomes stuffed with particulate and membranous 
debris of bacterial origin. In addition, laminated miner- 
alized concretions known as Michaelis-Gutmann (MG) 
bodies are typically present, both within the macro- 
phages and between cells (Fig. 22-8). Similar lesions 
have been described in the colon, lungs, bones, kidneys, 
prostate, and epididymis. 

The genesis of the malakoplakic lesion is still un- 
certain. Current opinion favors the hypothesis that the 
unusual-appearing macrophages and giant phagosomes 
result from a localized defect in macrophage function.’ 
With a bladder infection, organisms would normally be 
engulfed and destroyed by phagocytic cells. Postulated 
is a malfunction of the cytoskeleton of the macrophages, 
impairing the movement of lysosomes to phagocytic 
vacuoles, and thus blocking lysosomal enzymic degra- 
dation of engulfed bacteria. Thus, the phagosomes be- 
come overloaded with bacteria. The MG bodies are 
thought to result from the deposition of calcium phos- 
phate and other minerals on these overloaded, perhaps 
disintegrating phagosomes. 

Cystitis Cystica. In long-standing chronic inflam- 
mation, nests of transitional bladder mucosa may be- 
come buried and give rise to small, cystic, mucosal 
inclusions. The accompanying gross and microscopic 


Bladder 


Figure 22-7. Malakoplakia of bladder, showing classic, broad, flat, 
inflammatory plaques. 
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Figure 22-8. Malakoplakia, PAS stain. Note large macrophages 
with granular cytoplasm and round, dense Michaelis-Gutmann bod- 
ies (arrow). 


histologic features are identical with those already de- 
scribed in the renal pelvis and ureter. Occasionally, the 
epithelium is transformed by metaplasia to being mucus- 
secreting and columnar, producing cystitis glandularis. 
It should be recalled, however, that in the absence of 
accompanying inflammatory changes, buried nests of 
transitional cuboidal or columnar epithelia still may be 
found in the lamina propria as a normal variation. 

EOSINOPHILIC Cystitis. This rare condition is char- 
acterized by a chronic cystitis with abundant eosinophils 
in the subepithelial connective tissue.'! The etiology is 
unknown. 


NEOPLASMS 
EPITHELIAL TUMORS 


Approximately 95% of neoplasms of the bladder are 
of epithelial (urothelial) origin; the remainder are largely 
mesenchymal tumors of myoblastic, fibroblastic, or 
endothelial origin, similar to those arising elsewhere in 
the body. The epithelial tumors, most of which are 
malignant, are of interest for many reasons. First, these 
are rather common tumors: there are some 38,000 new 
cases of bladder cancer each year in the United States, 
and 10,000 deaths from the disease. Second, as we shall 
see, there is now substantial evidence that a long 
prodrome of widely dispersed mucosal epithelial hyper- 


plasia and progressive atypia antedates the appearance 
of these neoplasms, rendering them at least theoretically 
subject to early ,detection. Third, although many of 
these tumors are initially of low histologic grade, they 
are often multiple and recurrent. With each recurrence, 
the tumors may show greater atypia and worse prog- 
nosis. It is therefore difficult to manage these tumors 
and to predict the outcome. Finally, the bladder is 
especially vulnerable to environmental carcinogenic in- 
fluences; the study of chemically induced bladder can- 
cers in humans and experimental animals has greatly 
advanced our knowledge of the pathobiology of cancer. 

Confusion persists with regard to the classification 
of bladder tumors. There are relatively “pure” forms of 
transitional cell carcinoma, squamous cell carcinoma, 
and adenocarcinoma, but occasional neoplasms have 
both transitional-cell and squamous-cell components, 
and others are mixtures of transitional cells and glan- 
dular patterns. Much more vexing is the segregation of 
the epithelial neoplasms into categories that express 
their probable future clinical course. Among the tran- 
sitional cell neoplasms there are no easy histologic 
features for the differentiation of benign papillomas from 
very well-differentiated papillary transitional cell carci- 
nomas. Even if this difficulty is surmounted, there are 
further problems in the staging of these neoplasms, i.e., 
in the determination of the presence or absence of 
invasion of the malignant neoplasms, on which much of 
their biologic significance rests. Thus, various classifi- 
cations have been proposed in the attempt to encompass 
both histologic and staging features.!?'!© Table 22-1 
presents a simplified classification consistent with most 
current views, and Table 22-2 summarizes the histologic 
differences among transitional cell tumors. 


Papilloma 


These mucosal neoplasms may arise anywhere 
within the bladder, most commonly on the lateral walls, 
with the trigone next in frequency. They are of impor- 
tance for several reasons. Because they are delicate 
branching structures, fragmentation of papillomas may 
lead to painless intermittent or sometimes persistent 
hematuria. More important is the distinction between 
those that are truly benign and those that may be 
cancers. True papillomas, as distinct from Grade I 


Table 22-1. CLASSIFICATION OF EPITHELIAL BLADDER 
TUMORS 


Papilloma 
Transitional cell carcinoma 


Grade | 
Grade Il 
Grade Ill 


Squamous cell carcinoma 
Adenocarcinoma 

Mixed carcinoma 
Undifferentiated carcinoma 
Carcinoma in situ 


Invasive and 
noninvasive 
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Table 22-2. MORPHOLOGY OF UROTHELIAL TRANSITIONAL CELL TUMORS 

Hyperplasia Superficial “Clear” Nuclear Nuclear 

(>7 Layers) Cell Layer Cytoplasm Pleomorphism Polarization Crowding Chromatin Mitoses 
Papilloma None Preserved Present None Normal None Normal Rare 
TCC-I* Variable Variable Often absent Variable Slightly abnormal Slight Fine-regular © Uncommon 
TCC-II Variable Absent Often absent Variable Abnormal Moderate Fine-regular © Common 
TCC-III Prominent Absent Absent; vacuoles Prominent Absent Moderate Coarse—usually Prominent 


common irregular 


SSK 


*TCC = transitional cell carcinoma—grades I, Il, Ill. 


From Murphy, W. M.: Current topics in the pathology of bladder cancer. Pathol. Annu. 78:1, 1983. Reproduced with permission. 


papillary carcinomas, are quite uncommon and repre- 
sent less than 1% of papillary tumors of the bladder.” 


Papillomas, usually arise singly, but multiple and se- 
quential lesions may occur at varied and random locations. 
The individual tumor is usually a small (0.5 to 2.0 cm), 
delicate, soft, branching structure, superficially attached to 
the mucosa by a short, sometimes elongated, slender stalk. 
When seen during cystoscopy, the mass virtually floats in 
the bladder urine and is covered by numerous frondlike 
delicate papillae. The individual finger-like papillae have a 
central core of loose fibrovascular tissue covered by layers 
of normal-appearing transitional cells. (Fig. 22—9). The cells 
recapitulate the normal architecture of transitional urinary 
tract epithelium. Sequential lesions are not infrequent. 
Rarely, the entire bladder mucosa is sprinkled with papillo- 
mas (a condition called papillomatosis), or concurrent lesions 
arise in several levels within the urinary tract. 


bladder. Note delicate axial stromal framework. 


The usual papilloma is readily removed by trans- 
urethral resection since it is attached only to the mucosa. 
The frequency of recurrence is largely a function of the 
rigor employed in diagnosis of this form of neoplasia. In 
one series of 26 patients followed for five years, not a 
single recurrence was observed.!” However, as pointed 
out earlier, there are numerous reported instances in 
which new growths appeared within one year. The 
regrowth may again be benign, but sometimes it exhibits 
more marked irregularity of the epithelial cells sufficient 
to merit the diagnosis of transitional cell carcinoma. 
Two questions arise: (1) Was the primary diagnosis 
correct? (2) Are these subsequent lesions true recur- 
rences or de novo lesions arising in a “restless epithe- 
lium” prone to the development of multiple neoplasms, 
with an ever-greater chance of a malignant offspring 
with each passing year?'® We have no answer to this 
vexatious problem, but it suffices that when properly 
diagnosed, the risk of the later development of another 
benign papilloma is high. However, the risk of a sub- 
sequent cancer is small, although greater than is the 
case in a patient with no previous history of bladder 
tumors. 


Carcinoma 


Bladder cancers account for 3% of cancer deaths in 
the United States.'® Although the incidence of these 
cancers has steadily increased over the past three dec- 
ades in the U.S., the death rate has remained relatively 
constant, probably as a result of improved methods of 
early diagnosis and treatment. 

The three basic types are transitional cell carci- 
noma, squamous cell carcinoma, and adenocarcinoma. 
As mentioned earlier, however, some are mixed lesions. 
Because of the difficulties of histologic interpretation of 
these mixed lesions, it is understandable that analyses 
of series of cases have yielded varying data on the 
frequency of the several histologic forms.” It suffices 
for our purpose to note that approximately 90% are 
basically transitional cell carcinomas, 5% are squamous 
cell carcinomas, and 5% are mixed; adenocarcinomas 
are rare. Some reports suggest a higher incidence of 
Squamous carcinomas. First, some comments will be 
made on the incidence and pathogenesis of all forms of 
bladder cancer. 

INCIDENCE. The incidence of carcinoma of the blad- 
der resembles that of bronchogenic carcinoma, being 


1072 


more common in males than in females, in industrialized 
nations than in developing nations, and in urban than 
in rural dwellers. The male:female ratio for transitional 
cell tumors is approximately 3:1, whereas for squamous 
cell tumors it approaches 3:2. Carcinoma of the bladder 
occurs most often in the fifth and sixth decades of life; 
however, about one-third of neoplasms arise in younger 
or older patients. These neoplasms occur frequently 
where bilharzial (Schistosoma haematobium) infections 
of the bladder are common. It has been estimated that 
85% of Egyptians become infected with these parasites 
at some time in their lives. Most affected individuals do 
not develop vesical neoplasms, but a sufficient number 
do develop bladder cancer to account for the astounding 
fact that they are reported to represent 10 to 40% of all 
malignant tumors in Egypt. Although transitional cell 
cancers are preponderant in other populations, bilharzic 
cancers are almost always squamous cell lesions. 

PATHOGENESIS. Much evidence suggests that the 
origins of bladder cancer are related to local influences, 
e.g., endogenous or exogenous constituents of the urine 
and/or irritative phenomena within the bladder or blad- 
der wall.* 2° A number of chemical agents have been 
identified in the urine of patients who have developed 
bladder cancer, some of which have been clearly estab- 
lished as carcinogenic and others strongly suspected. 
Occupational exposure to beta-naphthylamine, 4-ami- 
nobiphenyl, 4-nitrobiphenyl, and 4,4-diaminobiphenyl 
has been clearly demonstrated to be carcinogenic. These 
compounds are intermediaries in the synthesis of a wide 
range of azo dyes and pigments used in textile, printing, 
plastic, rubber, and cable industries. Bladder cancers 
occur among workers after a mean exposure of approx- 
imately 23 years, accounting for up to a 50-fold increased 
incidence in those exposed. The common denominator 
among these agents appears to be the excretion and 
concentration in the urine of orthohydroxylated metab- 
olites complexed to sulfates or glucuronic acid. The pH 
of urine is closer to optimal for beta-glucuronidase than 
is the pH of tissue or blood. Thus, the glucuronides are 
split in the urine, exposing the bladder epithelium to 
higher levels of the active carcinogens than any other 
tissue of the body. Herein may lie the explanation of 
the carcinogenic effect of these chemicals being limited 
to the bladder. Many other agents have been shown to 
be carcinogenic in animals, particularly N-[4-(5-nitro-2- 
furyl)-2-thiazolyl] formamide (FANFT), providing useful 
models for the study of chemically induced bladder 
neoplasms. 

Nonoccupational or environmental exposure to po- 
tentially carcinogenic agents may also play a role in the 
induction of some vesical cancers. Are residents in the 
vicinity of factories synthesizing or using some of the 
carcinogenic chemicals exposed to dangerous levels of 
the carcinogens? Similarly, are users of rubber and 
plastic goods, cosmetics, or dyed textiles containing 
impurities of carcinogenic amines at increased risk? Such 
environmental exposures may explain some of the geo- 
graphic differences in bladder cancer incidence. 

Reference has already been made to the increased 
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incidence of bladder cancer in patients harboring Schis- 
tosoma haematobium in their bladders. It is not certain 
whether the parasites elaborate a carcinogenic agent 
into the urine or instead cause local inflammation, 
irritation, and subsequent reparative, hyperplastic, and 
eventually neoplastic changes in the bladder mucosa. 
In either event, schistosomal cancers have a distribution 
within the bladder somewhat different from that seen 
in occupational exposure or spontaneous occurrence, 
arguing for a local effect.21 As mentioned, most of these 
bladder tumors are squamous rather than transitional 
cell neoplasms. 

Abnormal tryptophan metabolism has received in- 
tensive study as a factor in the causation of bladder 
cancer. It must suffice here to note that certain metab- 
olites of tryptophan-kynurenine, and some of its closely 
related compounds, are excreted in increased amounts 
in patients with bladder cancer. L-Tryptophan enhances 
chemically induced carcinogenesis.” Tryptophan metab- 
olites induce tumors in mice when incorporated in 
cholesterol pellets inserted into the bladder. In addition, 
cyclophosphamide, an immunosuppressive agent used 
in immune diseases, causes hemorrhagic cystitis and 
atypia in the urothelium, and increases the risk of 
bladder cancer.” 

Smoking deserves special mention. Numerous stud- 
ies point out that the risk of bladder cancer is two to 
four times greater among male cigarette smokers than 
among nonsmokers. Several prospective studies have 
confirmed this association... Excessive alcohol consump- 
tion and artificial sweeteners have also been implicated 
as possible contributors to this form of neoplasm, but 
the evidence is highly controversial. Happily, there is 
no good evidence implicating coffee, tea, or freshly 
squeezed orange juice, leaving for the faint of heart at 
least these pale forms of dissipation. 

In conclusion, it is evident that certain occupational 
and microbiologic hazards are well-established causes of 
bladder cancer, and there is much suspicion that a 
number of other influences may also be important. 


MORPHOLOGY. Before going into details of the major 
forms of bladder cancer, it is necessary to clarify the termi- 
nology used to describe the patterns of growth employed in 
the grading and staging of these neoplasms. 

The gross appearance of all vesical cancers may be 
described or categorized as: 

1. Papillary—exophytic polypoid lesions attached by a 
stalk to the mucosa. Penetration of the basement membrane 
by the neoplastic cells may or may not be present. 

2. Noninvasive—thickening of the mucosa by prolifer- 
ation of cells similar to those seen in carcinoma, but without 
penetration of the basement membrane. 

3. Infiltrating or invasive—penetrating the mucosal 
basement membrane into the bladder wall, and possibly into 
contiguous structures. 

4. Flat lesions—growing as plaquelike thickenings of 
the mucosa without the formation of well-defined papillary 
structures. The neoplasm may be in situ or invasive (more 
often the latter), and these neoplasms generally tend to be 
more anaplastic than the papillary lesions. 


GRADING 

Grading of the transitional cell neoplasms (see Table 
22-2) is based on the degree of atypia exhibited by the 
cancer cells. Some observers attempt to grade all three 
histologic patterns of bladder cancer, but no satisfactory 
definitions have been developed for squamous cell and 
adenocarcinomas. 

Grade | 

The tumor cells display some atypia but are well differ- 
entiated and closely resemble normal transitional cells. Mi- 
toses are rare. There is a significant increase in the number 
of layers of cells, i.e., more than seven layers, but only slight 
loss of polarity (Fig. 22—10). 

Grade Il 

The tumor cells are still recognizable as of transitional 
origin. The number of layers of cells is increased (often over 
ten), as is the number of mitoses, and there is greater loss 
of polarity. Greater variability in cell size, shape, and chro- 
maticity is present. 

Grade IIl 

The tumor cells are barely recognizable as of transitional 
origin, and all the changes mentioned under Grade Il are 
more aggravated. In particular, there is evident disarray of 


Figure 22-10. Papillary carcinoma of bladder, Grade |. Epithelium 
is hyperchromatic, slightly disorderly, and in some areas, over 7 
cells thick. Compare well-differentiated transitional epithelium with 
lesion in Figure 22-11. 
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cells with loosening and fragmentation of the superficial 
layers of cells (Fig. 22-11). 

STAGING 

The staging of these cancers has become increasingly 
complex, and several classifications are now in current 
use.**6 The complete details of these staging systems are 
beyond our present scope, but the TNM classification is 
presented in somewhat abridged form here. 


Bladder 


T = Primary Tumor. The suffix (m) may be added 
to the appropriate T category to indicate multiple tu- 
mors. 

T1S: Carcinoma in situ. Definite anaplasia of surface 
epithelium without infiltration. 

TX: The minimal requirements to assess fully the 
extent of the primary tumor cannot be met. 

TO: No evidence of primary tumor. 

T1: On bimanual examination a freely mobile mass 
may be felt (this should not be felt after complete 
transurethral resection of the lesion) and/or, microscop- 
ically, the tumor does not extend beyond the lamina 
propria. 

T2: On bimanual examination, the bladder wall is 
mobile. There is no residual induration after complete 
transurethral resection of the lesion and/or there is 
microscopic invasion of superficial muscle. 

T3: On bimanual examination, induration or a nod- 
ular mobile mass is palpable in the bladder wall that 
persists after transurethral resection of the exophytic 
portion of the lesion and/or there is microscopic invasion 
of deep muscle or extension through the bladder wall. 

T4: Tumor fixed or invading neighboring structures 
and/or there is microscopic evidence of such involve- 
ment. 

N = Regional and Juxtaregional Lymph Nodes. The 
regional lymph nodes are the pelvic nodes below the 
bifurcation of the common iliac arteries. The juxtare- 
gional lymph nodes are the inguinal nodes and the 
common iliac and para-aortic nodes. 

NX: The minimal requirements to assess the re- 
gional lymph nodes cannot be met. 

NO: No evidence of involvement of regional lymph 
nodes. 

N1: Involvement of a single homolateral regional 
lymph node. 

N2: Involvement of contralateral or bilateral or 
multiple regional lymph nodes. 

N3: There is a fixed mass on the pelvic wall with a 
free space between this and the tumor. 

N4: Involvement of juxtaregional lymph nodes. 

M = Distant Metastases 

MX: The minimal requirements to assess the pres- 
ence of distant metastases cannot be met. 

MO: No evidence of distant metastases. 

M1: Distant metastases present. 


Against this background we can now turn to the 
individual types of tumors. 


Transitional cell carcinomas range from noninvasive 
to invasive lesions, from flat to papillary, and from well- 
differentiated (Grade |) to highly anaplastic, aggressive can- 
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Figure 22-11. Papillary carcinoma of bladder, Grade Ill, for comparison with Figure 22-10. Note loss 


of orderly normal transitional growth. 


cers (Grade Ill). Almost 70% are papillary, noninvasive, and 
of low cytologic grade (lI); 25 to 30% are invasive and of 
variable grades of cytologic atypia.* '* '® 

Papillary neoplasms have a complicated fernlike struc- 
ture composed of a delicate connective tissue stalk, covered 
by transitional epithelium that ranges from Grade | (Fig. 22— 
10) to Grade III (Fig. 22-11). It may be impossible on gross 
inspection to differentiate these papillary cancers from be- 
nign papillomas. Only when the papillary cancer becomes 
invasive and causes thickening or induration of the under- 
lying bladder wall, or adherence to surrounding structures, 
can the true malignant nature of the lesion be readily 
recognized on macroscopic examination. Most of these 
papillary lesions appear as small, red, elevated excres- 
cences varying in size from less than 1 cm in diameter to 
large masses up to 5 cm in diameter. Multicentric origins 
may produce separate tumors (Fig. 22—12). The long, slen- 
der fronds often have a velvety consistency and, when 
viewed within the urinary bladder through the cystoscope, 
resemble aquatic grasses waving in water currents. Some 
Grade Il and Grade Ill papillary cancers spread over wide 
areas of the bladder wall (Fig. 22—13). Fragmentation of the 
tips of the papillae, ulceration, necrosis, and hemorrhage 
may complicate the basic macroscopic appearance. 

Grade | lesions are almost always papillary. Grade Il 
neoplasms also are most often papillary but may be flat. 
Both the papillary and flat patterns may be invasive or 
noninvasive. The Grade Ill transitional cell carcinomas rep- 
resent the other end of the spectrum of anaplasia. Some of 
these lesions retain a papillary configuration, but many are 
flat or fungating necrotic, sometimes ulcerative, tumors, 
which have unmistakably invaded deeply (Fig. 22—14). Pap- 
illary and flat noninvasive grade Ill lesions are rarely en- 
countered; with this degree of anaplasia, invasion is the rule. 


Thus, in one series, 6% of Grade |, but 82% of Grade III 
tumors, were invasive.”2 However, carcinoma in situ (see 
later), a flat noninvasive transitional Grade Ill lesion, is often 
present in areas adjacent to carcinomas.'® Invasive tumors 
may extend only into the bladder wall, but the more advanced 
stages invade the adjacent prostate, seminal vesicles, ure- 
ters, and retroperitoneum, and some produce fistulous com- 
munications to the vagina or rectum. About 40% of these 


Figure 22-12. Papillary transitional cell carcinoma of bladder. Two 
discrete lesions in trigonal area. 


Figure 22-13. Transitional cell carcinoma, Grade Il. Entire right 
side of bladder is overgrown by spreading lesion. 


deeply invasive tumors metastasize to regional lymph nodes. 
Hematogenous dissemination, principally to the liver, lung, 
and bone marrow, generally occurs late, and only with highly 
anaplastic tumors. 

After the description of the pure transitional cell pattern, 
it is necessary to emphasize that 50 to 80% of transitional 
cell neoplasms of Grades II and Ill develop small focal areas 
of squamous metaplasia not worthy of being designated 
“mixed cancers.” Metaplastic changes are rarely encoun- 
tered in the well-differentiated Grade | tumors. The squa- 
mous nests are quite well differentiated in most instances 


Figure 22-14. Infiltrative transitional carcinoma of bladder, Grade 
Ill, seen as a fungating ulcerative mass occupying almost the entire 
floor. 
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and do not influence the biology of these neoplasms. When 
such metaplasia becomes widespread, the neoplasm is 
termed mixed. For unknown reasons, certain transitional 
cell tumors develop foci of glandular metaplasia rather than 
squamous metaplasia. 

The squamous cell carcinoma in pure form accounts 
for about 5% of all bladder carcinomas. Transitional cell 
carcinomas with areas of squamous metaplasia are much 
more frequent. Squamous cell carcinomas may be in situ 
but much more often are invasive, fungating tumors or 
infiltrative and ulcerative. True papillary patterns are almost 
never seen. The level of cytologic differentiation varies 
widely, from the highly differentiated lesions producing abun- 
dant keratohyaline pearls to very anaplastic giant cell tumors 
showing no evidence of squamous differentiation. Prognosis 
depends on the grade of anaplasia and the extent of infiltra- 
tion and spread. 

Adenocarcinoma of the bladder is rare. These tumors 
may arise from urachal remnants, from periurethral and 
periprostatic glands, from cystitis cystica, or from metaplasia 
of transitional epithelium. The glandular neoplastic compo- 
nents may secrete mucin, making it impossible to differen- 
tiate unmistakably such primary bladder neoplasms from 
those arising in adjacent structures such as the prostate or 
seminal vesicles, with secondary extension into the bladder. 
Rare variants are the highly malignant signet cell carci- 
noma and the relatively nonaggressive mesonephric or 
nephrogenic adenoma. 


Bladder 


Carcinoma in situ and Precancerous Lesions 


Studies of chemically induced bladder cancer in 
animals have shown that a series of progressive changes 
occur in bladder epithelium, culminating in the forma- 
tion of bladder tumors.* '© These include hyperplasia, 
dysplasia (atypical hyperplasia), and carcinoma in situ. 
Similar changes occur in humans,®’® usually in associ- 
ation with fully developed tumors, and there is great 
current interest in detecting such lesions and determin- 
ing their malignant potential before full-fledged cancer 
has developed. 

Hyperplasia is characterized by a significantly in- 
creased number of epithelial cell layers, beyond the 
seven found in normal bladder. The cells show some 
de-differentiation, in that they usually resemble the 
basal cells of epithelium. The change can be focal or 
multifocal or can involve large areas of the mucosa. 

Atypical hyperplasia and dysplasia are associated 
with significant nuclear atypicalities, which may be mild, 
moderate, or severe; increased mitotic activity; and 
evidence of de-differentiation. 

Carcinoma in situ is the best studied of these 
lesions in humans. The lesions are flat and consist of 
highly anaplastic, overtly malignant cells with numerous 
mitoses, confined to the mucosa. They are most fre- 
quently detected in patients with previous or simulta- 
neous papillary and invasive tumors, being present in 
from 5% to as many as 90% of such patients (the latter 
high figure being derived from cystectomy specimens 
in which the entire mucosa is histologically “mapped”. 
It is reasonable to assume that all overt cancers must 
have passed through an in situ phase, but the natural 
history of in situ lesions is still uncertain.* !© ?&°° Is 
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progression inevitable or may some in situ lesions 
remain static for decades? In the most thorough studies, 
about 55% of patients had developed invasive carcinoma 
within five years. However, some patients were alive 
and free from tumor for up to 12 years after the initial 
treatment. Could the treatment have eliminated the 
lesions? The answer is unknown, but there is fairly 
general agreement that in situ lesions rarely regress 
spontaneously. !® 28 Most workers now believe that these 
lesions are part and parcel of the generalized influence 
of a putative carcinogen on urothelium, and further, 
that these flat lesions are the precursors of invasive 
cancer in patients who also harbor noninvasive transi- 
tional cell carcinomas of various grades. Although car- 
cinoma in situ is almost certainly precancerous, the 
malignant potential of hyperplasia and dysplasia is un- 
known. 

CLINICAL Course. All bladder tumors classically 
produce painless hematuria. This is their dominant and 
sometimes only clinical manifestation. Occasionally, fre- 
quency, urgency, and dysuria accompany the hematuria. 
When the ureteral orifice is involved, pyelonephritis or 
hydronephrosis may follow. The use of cytologic exam- 
ination of urinary sediment for the desquamated tumor 
cells deserves special mention in regard to the clinical 
investigation of these patients.*! Although a negative 
result does not exclude the presence of a tumor, it has 
been possible not only to identify anaplastic cells, dic- 
tating the need for cystoscopic or radiographic, studies, 
but also to grade the lesions. 

All transitional cell cancers, whatever their grade, 
have a tendency to recur following excision, and usually 
the recurrence exhibits greater anaplasia. Overall, 60 to 
80% of Grade I papillary carcinomas recur, whereas 80 
to 90% of Grade III lesions do so. In many instances, 
the recurrence is seen at a different site and the question 
of a new primary tumor must be entertained. Transi- 
tional cell tumors seem to be prime examples of neo- 
plasms arising in a “restless epithelium. ” 

The prognosis depends on the histologic pattern of 
the neoplasm, on the histologic grade, and principally 
on the clinical stage when first diagnosed. There is a 
strong correlation between the grade and the stage of 
the lesion. Thus, most Grade I lesions are T1S, or at 
most Tl, whereas most Grade III tumors are T2 or at a 
more advanced stage. For the benign papilloma there 
is good agreement that the five-year survival is over 
90%, with a simple local resection or fulguration. Failure 
to achieve 100% survival relates to either misdiagnosis 
or recurrence. For the malignant lesions, the five-year 
survival data not only vary among reports but also are 
complicated by the choice of treatment—supervoltage 
irradiation or total cystectomy. Thirty to 80% five-year 
survival has been achieved for cancers that have not 
infiltrated more deeply than the superficial layers of the 
muscular wall of the bladder. With deeper invasion of 
the bladder wall, but no extension into surrounding 
structures, the five-year survival is only 10 to 30%. In 
general, the transitional cell cancers have a better 
prognosis than the squamous cell neoplasms. For the 


latter, approximtely 70% of patients are dead within 
one year. In all forms of bladder cancer, death is usually 
caused by either progressive infiltration of the ureters 
leading to bacterial and obstructive renal disease, or 
dissemination of the cancer. 

The difficulty of predicting aggressive clinical be- 
havior in tumors of seemingly similar histologic grades 
has led to a search for modern cytologic, biochemical, 
and ultrastructural markers for aggressive tumors.* 
Tumors that are more likely to behave as malignant 
tumors (recur, invade, metastasize) have been shown to 
(1) lack blood group antigens on their cell surfaces,* (2) 
induce angiogenesis, (3) exhibit alterations in junctional 
complexes on electron microscopic examination, and (4) 
manifest highly abnormal karyotypes. The latter can be 
detected by automated flow cytometry of cells in bladder 
washings, providing a highly promising technique for 
the evaluation and follow-up of bladder tumors.** * 


MESENCHYMAL TUMORS 


BENIGN. A great variety of benign mesodermal 
tumors may arise in the bladder, including leiomyomas, 
rhabdomyomas, fibromyxomas, neurofibromas, xantho- 
mas, hemangiomas, granular cell myoblastomas, lipo- 
mas, and osteomas. Individually and, indeed, collec- 
tively, they are rare. The most common is leiomyoma. 
They all tend to grow as isolated, intramural, encapsu- 
lated, oval-to-spherical masses, varying in diameter up 
to several centimeters. Occasionally, they assume sub- 
mucosal pedunculated positions. They have the histo- 
logic features of their counterparts elsewhere. As a 
group they are somewhat more common in adults, but 
certain lesions such as the myxomas and angiomas tend 
to occur more frequently in children. 

SARCOMAS. Sarcomatous growths may also involve 
the bladder. As a group, they tend to produce large 
masses (varying up to 10 to 15 cm in diameter) that 
protrude into the vesical lumen. Their soft, fleshy, gray- 
white gross appearance suggests their sarcomatous na- 
ture. 

One form, rhabdomyosarcoma, which deserves spe- 
cial mention, takes one of two forms. The “adult” form 
occurs mostly in adults over 40 years of age and shows 
a range of histology similar to rhabdomyosarcomas of 
striated muscle (p. 1314). The other variant is the 
embryonal rhabdomyosarcoma, encountered chiefly in 
infancy or childhood. This type of neoplasm tends to 
grow in large, polypoid projections into the bladder 
lumen, producing grapelike clusters of soft, fleshy tis- 
sue. These malignancies, called sarcoma botryoides, are 


similar to those that occur in the female genital tract (p. 
1121). 


SECONDARY TUMORS 


Secondary malignant involvement of the bladder 
may reach it by one of three pathways: (1) by direct 
extension from primary lesions in nearby organs; (2) by 


implantation frein primary lesions within the upper 
urinary tract; or (3) by spread through lymphatics and 
blood from such primaries as the stomach, lungs, and 
breast and elsewhere. Direct extension is the most 
common form of secondary involvement, from carcino- 
mas of the cervix, uterus, prostate, and rectum, in the 
order given. Since some of these carcinomas are squa- 
mous cell lesions of the cervix, they may, on casual 
inspection of the bladder, appear as primary squamous 
cell carcinomas of this organ. Hemorrhage, ureteral 
obstruction, and vesicovaginal fistulas are the common 
sequelae. 

Endometrial carcinomas less commonly affect the 
bladder, but may produce essentially the same sequence 
of events. In the male, far-advanced prostatic carcinoma 
may extend into the bladder wall, but more usually 
affects the seminal vesicles and the perivesical connec- 
tive tissue. 


MECHANICAL LESIONS 


OBSTRUCTION. Obstruction to the bladder neck is 
of major clinical importance, not only for the changes 
induced in the bladder, but also because of its eventual 
effect on the kidney. A great variety of intrinsic and 
extrinsic diseases of the bladder may narrow the urethral 
orifice and cause partial or complete vesical obstruction. 
In the male, the most important lesion is enlargement 
of the prostate gland due either to nodular hyperplasia 
or to carcinoma (Fig. 22-15). Vesical obstruction is 
somewhat less common in the female and is most often 
caused by cystocele of the bladder. The more infrequent 


Figure 22—15. Hypertrophy and trabeculation of bladder wall sec- 
ondary to polypoid hyperplasia of prostate. 
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causes can be listed as (1) congenital narrowings or 
strictures of the urethra; (2) inflammatory strictures of 
the urethra; (3) inflammatory fibrosis and contraction of 
the bladder following varying types of cystitis; (4) blad- 
der tumors—either benign or malignant—when strate- 
gically located; (5) secondary invasion of the bladder 
neck by growths arising in perivesical structures, such 
as the cervix, vagina, prostate, and rectum; (6) mechan- 
ical obstructions caused by foreign bodies and calculi; 
and (7) injury to the innervation of the bladder causing 


cord bladder. 


Bladder 


In the early stages, there is only some thickening of the 
bladder wall, presumably due to hypertrophy of the smooth 
muscle. The mucosal surface at this time may be entirely 
normal. With progressive hypertrophy of the muscular coat, 
the individual muscle bundles greatly enlarge and produce 
trabeculation of the bladder wall. These submucosal, cordlike 
thickenings run in all directions and produce a crisscross 
pattern of mucosal ridging. Persistent obstruction leads to 
more marked trabeculation, and the prominent ridging pro- 
duces cryptlike depressions between the interlacing bands 
that resemble small diverticula. In the course of time, these 
crypts may become converted into true acquired diverticula. 
The hypertrophy of smooth muscle is difficult to evaluate 
histologically and can only be surmised by an increase in 
the total thickness of the muscular layer of the bladder wall. 


In some cases of acute obstruction or in terminal 
disease when the patient's normal reflex mechanisms 
are depressed, the bladder may become extremely 
dilated. The enlarged bladder may reach the brim of 
the pelvis or even the level of the umbilicus. In these 
cases, the bladder wall is markedly thinned and the 
trabeculation becomes totally inapparent. 


MISCELLANEOUS LESIONS 


CALCULI. Bladder calculi may either be of primary 
origin within the bladder or pass into the bladder from 
a renal or ureteral focus of origin. Most occur in adults 
over the age of 40, although younger persons may also 
be affected. The pathogenesis and chemical composition 
of these calculi are identical to those involved in the 
formation of renal calculi, discussed on p. 1052 (Fig. 
22-16). 

Vesical calculi usually merely reside within the 
capacious bladder lumen and remain entirely asympto- 
matic, since they are generally too large to enter the 
urethral orifice. They may cause symptoms by producing 
chronic irritation and inflammation of the bladder wall, 
or by becoming lodged in the neck of the bladder and 
producing urinary tract obstruction. Under these cir- 
cumstances, frequency and urgency may be evoked by 
the partial obstruction, and dysuria, pyuria, and hema- 
turia may be caused by the inflammatory changes in the 
mucosa. The diagnosis can only be suspected clinically 
and must be confirmed by cystoscopic or radiographic 
examination. 

NEUROGENIC OR CoRD BLADDER. A cord bladder 
may be defined as one in which normal vesical function 
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Figure 22-16. A relatively large solitary bladder calculus. 


is disturbed by interruption of the neural pathways of 
the bladder. Depending on the level of cord injury, 
various types result. The understanding of this impaired 
function requires a knowledge of the normal neural 
connections that control bladder function. Two totally 
separate sets of pathways exist. Voluntary micturition is 
under the control of the brain, acting by way of somatic 
nerves that control the internal sphincter of the bladder. 
In addition to this volitional mechanism, there is an 
automatic conditioned emptying reflex, actuated by 
autonomic nerve impulses that pass through a spinal 
reflex arc. When the connections with the brain are 
severed, volitional control of the bladder function is 
lost, and totally automatic function ensues. Conse- 
quently, any form of injury to the spinal cord above the 
level of the spinal reflex arc causes an automatic cord 
bladder. Trauma, tumors, inflammations, and central 


Urethra 


Inflammations 

Tumors 
Caruncle 
Papilloma 
Carcinoma 


INFLAMMATIONS 


Urethritis is classically divided into gonococcal and 
nongonococcal urethritis. As noted earlier, gonococcal 
urethritis is one of the earliest manifestations of this 
venereal infection. Nongonococcal urethritis is very 


nervous system degenerations may all cause such inter- 
ruption of the pathways between the brain and the 
bladder. Lower cord injuries to the corda equina and 
sacral plexus may destroy the automatic mechanism so 
that reflex activity is abolished and evacuation of the 
bladder occurs only by overflow (automatic neurogenic 
bladder). Peripheral nerve lesions may also sever these 
pathways and produce total interruption of nervous 
control of vesical function. Depending on the level of 
the nerve lesion, the bladder may be either atonic or 
hypertonic, and consequently may show either contrac- 
tion and thickening of the wall or marked dilatation and 
thinning of the wall. 

Neurogenic dysfunction is an important disorder 
because of the vulnerability of such bladders to infec- 
tion. Urinary stasis and the necessity for catheterization 
provide the appropriate circumstances for the introduc- 
tion of bacterial contamination. Only meticulous atten- 
tion to asepsis, irrigation of the bladder, and appropriate 
techniques of catheterization can stave off these com- 
plications. 

FISTULAS. Abnormal fistulous tracts may occur be- 
tween the bladder and the vagina, uterus, rectum, small 
intestines, or skin. The most common form is the 
vesicovaginal fistula, in which a communication between 
the bladder and vagina develops secondary to a carci- 
noma of the cervix or its irradiation. Less commonly, 
connections may exist to the uterus, known as vesico- 
uterine fistulas. Neoplastic disease and postirradiation 
necrosis are the common antecedents. In both instances, 
the major presenting clinical finding is the escape of 
urine from the vaginal orifice. Abnormal communication 
may occur between the bladder and the rectum (vesi- 
corectal fistula) and between the bladder and loops of 
small intestine (vesicoenteric fistula). These are most 
commonly caused by infections, tumors, and irradiation 
necrosis. It is obvious that infection immediately com- 
plicates the presence of such fistulous tracts, and severe 
acute and chronic cystitis invariably results. Gross in- 
testinal and fecal contamination may cause the accu- 
mulation of foreign material within the bladder and may 
give rise to urethral obstruction. The most striking 
clinical finding is the passage of turbid urine, containing 
recognizable fecal contents. 


common, and can be caused by a variety of bacteria, 
among which E. coli and other enteric organisms pre- 
dominate. In females urethritis is often accompanied by 
cystitis and in males by prostatitis. In many instances 
bacteria cannot be isolated. Various strains of chlamydia 
(e.g. C. trachomatis) are the cause of 25 to 60% of 
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Figure 22—17. Carcinoma of urethra with typical fungating growth. 


nongonococcal urethritis in males** and about 20% in 
females.” Mycoplasma (Ureaplasma urealyticum) also 
accounts for the symptoms of urethritis in many cases. 
Urethritis is also one component of Reiter's syndrome, 
which comprises the clinical triad of arthritis, conjunc- 
tivitis, and urethritis. 

The morphologic changes are entirely typical of 
inflammation in other sites within the urinary tract. The 
urethral involvement is not itself a serious clinical 
problem, but may cause considerable local pain, itching, 
and frequency, and may represent a forerunner of more 
serious disease in higher levels of the urogenital tract. 


TUMORS 
CARUNCLE 


Urethral caruncle is the designation applied to 
small, red, painful masses that occur about the external 
urethral meatus in the female. They may be found at 
any age but are more common in later life. The lesion 
usually consists of a hemispherical, friable, 1- to 2-cm 
nodule that usually occurs singly, either just outside or 
just within the external urethral meatus. It may be 
covered by an intact mucosa, but is extremely friable, 
and the slightest trauma may cause ulceration of the 
surface and bleeding. Histologically, it is composed of a 
highly vascularized, young, fibroblastic connective tis- 
sue, more or less heavily infiltrated with leukocytes. The 
overlying epithelium, where present, is either transi- 
tional or squamous cell in type. When there is no 
ulceration, the white cell infiltration is considerably less 
prominent. The question of whether the urethral carun- 
cle represents merely a mass of inflammatory granula- 
tion tissue or a capillary hemangioma has been disputed 
for years. The consistent failure of this lesion ever to 
grow beyond 1 to 2 cm in size argues strongly against a 
neoplastic origin. Surgical excision affords prompt relief 
and complete cure. | 


PAPILLOMA 


Papillomas of the urethra occur usually just within 
or on the external meatus. In this location, they also fall 
within the scope of condylomas of the external genitalia, 
and are discussed in that section (p. 1082). 


CARCINOMA 


Carcinoma of the urethra is an uncommon lesion. 
It tends to occur in advanced age and, in most instances, 
begins about the external meatus or on the immediately 
surrounding structures, such as the glans penis, or the 
introitus in the female. Some apparently begin just 
inside the external meatus or even at a higher level 
within the urethra. Those that occur at and protrude 
from the external meatus appear as warty, papillary 
growths that at first resemble the sessile papillary car- 
cinomas described in the bladder. As they progress, 
they tend to become ulcerated on their surfaces and to 
assume the characteristics of a fungating, ulcerating 
lesion (Fig. 22-17). 

Most of these malignancies are squamous cell car- 
cinomas. The papillary lesions that protrude from the 
external meatus are apt to show a transitional cell growth 
that further heightens their similarity to bladder carci- 
noma. Uncommonly, an adenocarcinomatous growth 
pattern is found. 
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MALE GENITAL 


EMBRYOGENESIS 


The male genital tract is derived from the urogenital 
ridge. During the second month of fetal development, 
the genital ridge of mesenchyme differentiates into an 
outer, germinal epithelium and an inner, loosely ar- 
ranged epithelial mass. To this point, there is no sex 
differentiation and the primitive gonad is intersexual. 
By differential rates of growth, and by more marked 
proliferation of the caudal end of this ridge, a recogniz- 
able intracelomic testis is produced. It comes to lie just 
above the pelvis by about the third month of fetal 
development, a process termed the internal descent. 

The further passage of the testis into its definitive 
adult position in the scrotum occurs in the eighth to 
ninth months of fetal development and is designated 
the external descent. The internal structure of the testis 
develops during the third month of gestation. The 
external germinal epithelium differentiates into the tu- 
nica coverings of the testis. The inner epithelial mass 
or included totipotential cells give rise to the tubular 
structures of the testis including the rete testis. At the 
time of birth, a well-developed branching system of 
seminiferous tubules is present. These still lack a lumen 
and continue as solid cords until puberty. At puberty, 
the testis cords acquire lumina and mature. Differentia- 
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NORMAL 


The body of the penis is made up of three intimately 
attached erectile structures, two lateral penile corpora 
cavernosa and the medial corpus cavernosum urethrae, 
containing the penile urethra. The glans penis is molded 
over the distal extremities of these three longitudinal 
corpora. The penis is covered with pigmented skin, 
which is folded over at the distal extremity to form the 
prepuce. The prepuce is attached about the coronal 
sulcus. In the normal state it is readily retracted, but 
when this epithelial sheath is abnormally small it some- 
times cannot be retracted. When forcibly retracted, it 
may be caught about the glans and impinge upon the 
urethra or even the blood supply to the tip of the penis. 

The arterial supply to the penis is derived from the 
internal pubic arteries, which are branches of the hy- 
pogastrics. These vessels enter the erectile corpora at 
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tion of secondary spermatocytes into spermatids and 
spermatozoa, which begins at this age, characterizes the 
adult form of spermatogenesis, which continues 
throughout life into extreme old age. 

It is during the early ambisexual period that aber- 
rations of development may give rise to both male and 
female sex organs in the same individual, producing a 
true hermaphrodite, or to various intergrades of sexual 
differentiation that create pseudohermaphrodites (p. 
133). 

The external genitals begin to appear at about the 
sixth week of fetal life in the form of a conical protuber- 
ance in the midline of the body about midway between 
the umbilical cord and tail. This protuberance is desig- 
nated the genital tubercle. In the course of time, it 
develops a shallow ventral groove with lateral ridges 
that fuse to create a urethral canal. Progressive growth 
of this tubercle creates a cylindrical phallus that gives 
rise to the penis in the male or the clitoris in the female. 
Later swellings are the first indication of the developing 
scrotum in the male or the labia in the female. As with 
the primitive gonad, the genital tubercle is a sexually 
undifferentiated structure that may give rise to either 
male or female external genitals. Aberration in its early 
development, therefore, accounts for the occurrence of 
intergrades between the definitive patterns of adult 
genital structure found in each sex. 


Penis 


the penile base. Traumatic injuries and lesions in the 
pubic region may thus impair this arterial supply. The 
venous drainage of the penis joins the prostatic plexus. 
Conceivably, therefore, disease in the prostate may 
embarrass such venous drainage, but, for obscure rea- 
sons, this rarely occurs. Moreover, it is quite uncommon 
for disease processes to extend through these common 
vascular channels from one organ to the other. The 
lymphatic drainage of the penis and scrotum passes 
through the superficial inguinal and subinguinal lymph 
nodes. These nodes are often involved in inflammatory 
and neoplastic processes arising in the penis. 


PATHOLOGY 


The most important diseases of the penis consist of 
inflammations and tumors. The venereal infections, e.g., 
syphilis and gonorrhea, usually begin with penile le- 
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sions. Carcinoma of the penis, although not one of the 
more common neoplasms in the male, still accounts for 
about 1% of cancers in this sex. Despite the fact that 
this malignancy is readily apparent in its earliest stages, 
these cancers often are not brought to medical attention 
until they are well advanced and beyond cure. Penile 
cancer, therefore, is a significant cause of mortality. 


MALE GENITAL SYSTEM 


CONGENITAL ANOMALIES 


The penis is the site of many varied forms of 
congenital anomalies, some of which have some clinical 
significance. These range from congenital absence and 
hypoplasia to hyperplasia, duplication, and other aber- 
rations in size and form. For the most part, these 
deviations in size and form are extremely uncommon 
and readily apparent on inspection. Certain other anom- 
alies are more frequent and, therefore, have greater 
clinical significance. 


HYPOSPADIAS AND EPISPADIAS 


Malformation of the urethral groove and urethral 
canal may create abnormal openings either in the ventral 
surface of the penis (hypospadias) or in the dorsal 
surface (epispadias). Such anomalies are commonly 
associated with failure of normal descent of the testes 
and with malformations of the urinary bladder. Fre- 
quently, the penile anomalies are accompanied by other 
severe congenital defects that are incompatible with life. 
Even the isolated urethral defects may have clinical 
significance, because often the abnormal opening is 
constricted, producing partial urinary obstruction and 
an attendant hazard of spread of bacterial contamination 
from the obstructed penile urethra into the bladder and 
remainder of the urinary tract. Moreover, these anom- 
alies may have more serious consequences. When the 
orifices are situated near the base of the penis, normal 
ejaculation and insemination are hampered or totally 
blocked. These lesions, therefore, are possible causes 
of sterility in the male. 


PHIMOSIS 


When the orifice of the prepuce is too small to 
permit its normal retraction, the condition is designated 
phimosis. Such an abnormally small orifice may result 
from anomalous development but may also be produced 
by inflammatory scarring of the prepuce. Phimosis is 
important since it interferes with cleanliness and permits 
the accumulation of secretions and detritus under the 
prepuce, favoring the development of secondary bacte- 
rial infections. When a phimotic prepuce is forcibly 
retracted over the glans penis, marked constriction and 
subsequent swelling may block the replacement of the 
prepuce, creating what is known as paraphimosis. This 
condition not only is extremely painful, but also may be 


a potential cause of urethral constriction and serious 
acute urinary retention. 


INFLAMMATIONS 


Inflammations of the penis almost invariably involve 
the glans and prepuce and include a wide variety of 
specific and nonspecific infections. The specific infec- 
tions—syphilis, gonorrhea, chancroid, granuloma in- 
guinale, lymphopathia venereum, genital herpes—are 
venereal and have been discussed in Chapter 8. Only 
the nonspecific infections causing so-called balanopos- 
thitis need description here. 


BALANOPOSTHITIS 


Balanoposthitis is a nonspecific infection of the glans 
and prepuce caused by a wide variety of organisms, 
e.g., staphylococci, streptococci, coliform bacilli, and 
(less often) the gonococci. It is usually encountered in 
patients having phimosis or a large, redundant prepuce 
that interferes with cleanliness and predisposes to bac- 
terial growth within the accumulated secretions and 
smegma. Such inflammations, if neglected, may lead to 
frank ulcerations of the mucosal covering of the glans 
(Fig. 23-1). If they persist and become chronic, they 
lead to further inflammatory scarring of the phimosis, 
with aggravation of the underlying condition. The in- 
flammatory reaction in the urethral and _ periurethral 
glands in gonorrheal balanoposthitis is indistinguishable 
morphologically from the nonspecific forms of balano- 
posthitis, and correct identification of the specific agent 
requires bacterial smears and cultures. 


TUMORS 


Tumors of the penis are, on the whole, uncommon. 
The most frequent neoplasms of the penis are carcino- 
mas arising in the covering epithelium. Benign tumors 
are exceedingly rare. However, in addition to the clearly 
defined benign and malignant categories, there are 
several conditions that fall into an intermediate zone 
commonly designated precancerous lesions. 


BENIGN TUMORS 


Although lipomas, neuromas, fibromas, and an- 
giomas occur in the penis, they are so rare as to be 
medical curiosities. 


Condyloma 


Three types of condyloma occur on the penis: (1) 
the relatively frequent condyloma acuminatum of viral 
origin, related to the common wart (verruca vulgaris); 
(2) the rare giant condyloma; and (8) the syphilitic 
condyloma lata, described elsewhere (p. 337). 
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Figure 23—1. Balanoposthitis with acute ulcerative lesions of glans penis. 


The condyloma acuminatum may occur on any moist 
mucocutaneous surface of the external genitals in both 
males and females, including the vaginal, anal, or urethral 
mucosa. On the penis, these lesions occur most often about 
the coronal sulcus and inner surface of the prepuce. They 
consist of sessile or pedunculated, red papillary excres- 
cences that vary from minute lesions 1 mm to several 
millimeters in diameter up to large, raspberry-like masses 
several centimeters in diameter (Fig. 23-2). Histologically, a 
branching, villous, papillary connective tissue stroma is cov- 
ered by a thickened hyperplastic epithelium that may have 
considerable superficial hyperkeratosis and thickening of the 
underlying epidermis (acanthosis) (Fig. 23-3). The normal 
orderly maturation of the epithelial cells is preserved, but 
may be slightly modified by increased mitotic activity in the 
basal layers and by some widening of the prickle cell layers. 
Clear vacuolization of the prickle cells may appear and is 
said to be characteristic of these lesions. The basement 
membrane is usually intact and there is no evidence of 
invasion of the underlying stroma. This lesion is caused by 
human papilloma virus type 6 (HPV-6), which is antigenically 
related to the common wart virus. HPV can be demonstrated 
within the lesions by the immunoperoxidase technique as 
well as by molecular hybridization..? As far as we know, 
these lesions remain benign throughout their course. 

The rare giant condyloma, although it resembles 
somewhat its more innocuous “cousin,” is not of viral origin, 
grows larger and covers wider areas, and may be ulcerative 
and invasive. Indeed, the giant condyloma may represent a 
form of well-differentiated squamous cell carcinoma, char- 
acterized by striking hyperkeratosis and a verrucal pattern 
of growth. The term giant condyloma should be reserved, 
however, for those giant verrucous lesions that do not 
metastasize, as contrasted with carcinomas that have all the 
potentials of squamous cell cancers elsewhere. Although 
the true giant condyloma displays somewhat greater cellular 
pleomorphism than is seen in condyloma acuminatum, it 
usually does not present the atypia and anaplasia so typical 


of carcinomas, and moreover the downward growth is along 
a broad front rather than the crablike penetration of the 
cancer. 


MALIGNANT TUMORS 


With very rare exceptions, malignancy of the penis 
is virtually synonymous with squamous cell carcinoma. 
The rare exceptions, so infrequent as to barely merit 
citation, include malignant melanoma, hemangiosar- 
coma, and fibrosarcomas. 


Figure 23-2. Condyloma acuminatum of penis. 
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Figure 23-3. Condyloma of penis. Low-power view to illustrate 
papillary excrescence covered by epithelium. 


Carcinoma 


Squamous cell carcinoma of the penis represents 
about 1% of cancers in males in the United States. Since 
protection against this malignancy is apparently con- 
ferred by circumcision, the incidence among different 
population groups varies widely throughout the world. 
Carcinoma of the penis is virtually unknown among 
Jews, in whom ritual circumcision is performed in the 
first days of life. It is extremely rare among Moham- 
medans, in whom circumcision is performed before the 
tenth year of life. In other regions of the world where 
circumcision is not routinely practiced, carcinoma of the 
penis is correspondingly more common, so that it is 
reported to represent about 18% of all malignant tumors 
in the Orient. Presumably, circumcision protects against 
tumorigenesis by preventing the accumulation of 
smegma (carcinogenic in animals) and minimizing the 
tendency to irritation and infections. Carcinomas are 
usually found in patients between the ages of 40 and 
70. 


The lesion usually begins on the glans or inner surface 
of the prepuce near the coronal sulcus. The first observable 
changes are a small area of epithelial thickening accom- 
panied by graying and fissuring of the mucosal surface. With 
progression, an elevated leukoplakic papule is produced that 
often ulcerates when a diameter of approximately 1 cm is 
reached. Despite the obviousness of such lesions, by the 
time most patients seek medical attention large characteristic 
malignant ulcers are present, having necrotic, secondarily 


infected bases with ragged, irregular, heaped-up margins 
(Fig. 23-4). In far-advanced lesions, the ulceroinvasive dis- 
ease may have destroyed virtually the entire tip of the penis 
or large areas of the shaft. 

A second pattern of macroscopic tumor growth is the 
papillary tumor that simulates the condyloma and progres- 
sively enlarges to form a cauliflower-like, fungating mass. 
As this tumor enlarges, it undergoes central ulceration and 
may become transformed to a pattern that resembles the 
ulcerative lesion just described. 

Histologically, both the papillary and ulceroinvasive le- 
sions are squamous cell carcinomas exactly resembling 
those that occur elsewhere on the skin surface. 


CLINICAL CourRSE. Carcinoma of the penis is a 
slowly growing, locally metastasizing lesion* which often 
has been present for a year or more before it is brought 
to medical attention. Such delay is occasioned some- 
times by the existence of a phimosis that completely 
hides the developing lesion, but more often by un- 
awareness of the significance of the developing papule. 
The lesions are nonpainful until they undergo secondary 
ulceration and infection. Frequently they bleed. At the 
time when most patients are first diagnosed, about 30 
to 50% have enlarged inguinal nodes; approximately 
half of these harbor metastasis, whereas others represent 
reactive lymphadenitis.* Metastasis to local nodes char- 
acterizes the early stage, and widespread dissemination 
is extremely uncommon until the lesion is far advanced. 
The prognosis following surgical excision and regional 
node dissection is related to the stage of advancement 
of the tumor. In persons with limited lesions without 
invasion of the penile shaft, there is a 90 to 95% five- 
year survival rate, whereas tumors that invade the shaft 
of the penis and the regional lymph nodes yield only a 
30 to 50% five-year survival rate.° 
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Figure 23—4. Squamous cell carcinoma of penis with typical shaggy 
fungating ulcerations. (Courtesy of Dr. Fred Silva, Department of 
Pathology, University of Texas Health Science Center, Dallas.) 


PREMALIGNANT LESIONS 


There is a group of hyperplastic, dysplastic epithe- 
lial lesions occurring on the penis that predispose to the 
genesis of frank malignancy. These entities are (1) 
pseudoepitheliomatous hyperplasia, (2) erythroplasia of 
Queyrat, and (3) Bowen's disease. 

Pseudoepitheliomatous hyperplasia usually occurs 
in proximity to or overlying some inflammatory or 
ulcerative lesion. It is marked by epithelial hyperplasia, 
thickening the epidermal layer and prolonging the rete 
pegs. Sometimes there is hyperkeratosis of the surface 
layer, producing a pearly, leukoplakic macroscopic ap- 
pearance. A chronic inflammatory infiltrate is almost 
always present in the dermis. The surface is rarely 
verrucose as in condyloma acuminatum. The tendency 
to carcinomatous change is slight, although definitely 
greater than that of the normal epidermis. 

Erythroplasia of Queyrat is a form of epithelial 
dysplasia encountered principally on the penis, although 
rarely it affects the lips, oral mucosa, tongue, vulva, 
and glabrous skin. The penile lesion occurs at any age 
in adults, usually in the uncircumcised. It generally 
appears on the glans and prepuce as a red, soft plaque, 
generally about 1.0 to 1.5 cm in diameter. The plaque 
may be elevated and flat, sometimes papillary, or oc- 
casionally ulcerated. 

Histologically, erythroplasia of Queyrat is charac- 
terized by a diminished keratin layer, irregular dysplas- 
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Figure 23-5. Bowen's disease illustrating dysplasia and anaplasia of epithelial cells. 
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tic acanthosis, and a dermal inflammatory infiltrate. The 
dysplasia is of variable severity, ranging from mild 
disorientation of epithelial cells with variable cellular 
pleomorphism to changes of carcinoma in situ.® Lesions 
at the carcinomatous end of this spectrum closely resem- 
ble Bowen’s disease, but (as will be seen), erythroplasia 
of Queyrat is not suspected to be associated with an 
increased risk of visceral cancers, as is Bowen's disease. 
Nonetheless, about 5 to 10% of patients with erythro- 
plasia of Queyrat eventually develop an overt squamous 
cell carcinoma. 

Bowen's disease is a curious form of carcinoma in 
situ that has a possible association with visceral cancer 
(Fig. 23-5). The lesion occurs in the genital region of 
both males and females, usually in those over the age 
of 35 years, and in males it is prone to involve the shaft 
of the penis and the scrotum. Grossly it appears as a 
thickened, opaque plaque with shallow ulceration and 
crusting. Another pattern recognized in more recent 
years has been termed bowenoid papulosis.” *® Such 
lesions may appear as innocent-looking papules or may 
even be verrucoid, being easily mistaken for condyloma 
acuminatum. Over the span of years, Bowen's disease 
may become invasive and transformed into a character- 
istic squamous cell carcinoma. The relationship of Bow- 
en's disease to visceral cancers is controversial. On the 
one hand are those who contend that the association is 
well defined, involving most often the respiratory, gas- 
trointestinal, and genitourinary tracts. About one-third 
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of the patients are said to develop visceral cancers, often 
after a latent period of several years. However, this 
view has been challenged since others have failed to 
find a significant association between Bowen's disease 
and internal cancer. It has been suggested that the 
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Testis and Epididymis 


association with other malignancies, noted by some, 
may stem from exposure to a common carcinogenic 
agent such as arsenic. Thus, the relationship remains 
unresolved and with it the validity of a sharp differen- 
tiation of erythroplasia of Queyrat from Bowen's disease. 


NORMAL Tuberculosis Polyembryoma 
PATHOLOGY Syphilis Choriocarcinoma 
Congenital Anomalies Miscellaneous infections Teratoma 
Cryptorchidism Vascular Disturbances Mixed tumors 
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NORMAL 


In the adult, the testis weighs approximately 12 gm 
and measures about 5 X 3 X 3 cm. It is covered by a 
serosal membrane, the visceral layer of the tunica 
vaginalis, which is reflected off the hilus of the testis to 
form an inner lining of the scrotal sac, the parietal tunica 
vaginalis. Thus, in the normal adult, there is a com- 
pletely closed, serosa-lined potential space folded about 
the testes, much as Bowman's capsule envelops the 
glomerular tuft. The lining of this space is derived from 
the processus vaginalis of the peritoneum. Beneath the 
visceral tunica vaginalis there is the dense, white, 
fibrous tunica albuginea and deep to it a so-called tunica 
vasculosa, which is, in reality, merely a condensation of 
fibrous tissue and blood vessels on the inner surface of 
the tunica albuginea. All the arteries, veins, lymphatics, 
and nerves enter through the hilus. The epididymis is 
a crescentic tubular organ lying along the posterolateral 
border of the testis. The rete tubules of the testis drain 
into the collecting tubules of the head of the epididymis, 
and the tail of the epididymis communicates with the 
vas deferens. 

Histologically, the testis consists of branching tu- 
bular cords separated from adjacent cords by a scant, 
loose, connective tissue stroma. These tubules have 
distinct basement membranes that increase in thickness 
with age. The testis is divided into many lobules by 
condensed fibrous septa that all radiate from the hilus 
of the testis. Within the testicular tubules are found the 
Sertoli supporting cells and the maturing germinal epi- 
thelium that has already been mentioned in the em- 
bryology of this organ. Within the stroma, there are 
scattered groups and nests of round-to-polygonal, epi- 
thelial-like Leydig cells having abundant acidophilic 
cytoplasm and large nuclei that contain coarse chromatin 
granules and a prominent nucleolus. In the cytoplasm 
of these cells are found lipofuscin; lipid granules; and 


Specific types of germinal tumors 
Seminoma 
Spermatocytic seminoma 
Embryona!l carcinoma 
Yolk sac tumor 


Testicular lymphoma 
Adenomatoid tumors 
Miscellaneous Lesions of Tunica Vaginalls 


long, slender, crystalline structures, the crystalloids of 
Reinke. These interstitial cells are a site of formation of 
androgens. The number of these Leydig cells bears an 
inverse ratio to the preservation and activity of the 
tubular germinal epithelium. In advanced age or ac- 
quired disease, with atrophy of the germinal epithelium, 
there is an accompanying proliferation of the Leydig 
cells. 

The histology of the epididymis is composed essen- 
tially of a coiled, twisted, single duct formed by the 
agglomeration of the vasa efferentia. This duct is lined 
by extremely tall, pseudostratified, columnar, ciliated 
epithelium, having nuclei for the most part disposed 
basally, and luminal portions of the cells composed only 
of cytoplasm containing fat droplets, pigments, and fat 
vacuoles. 


PATHOLOGY 


The major pathologic involvements of the testis and 
epididymis are quite distinct. In the case of the epidid- 
ymis the most important and frequent involvements are 
inflammatory diseases, whereas in the testis the major 
lesions consist of tumors. However, their close anatomic 
relationship permits the extension of any of these proc- 
esses from one organ to the other. 


CONGENITAL ANOMALIES 


With the exception of incomplete descent of the 
testes (cryptorchidism), congenital anomalies are ex- 
tremely rare and include absence of one or both testes, 
fusion of the testes (so-called synorchism), and the 
formation of relatively insignificant cysts within the 
testis. 


CRYPTORCHIDISM 


Cryptorchidism is synonymous with undescended 
testes and is found in approximately 0.28% of the adult 
male population. This anomaly represents a complete 
or incomplete failure of the intra-abdominal testes to 
descend into the scrotal sac. From the preceding de- 
scription of embryogenesis of the male genital tract, it 
will be recalled that in the fetus the testis arises within 
the celomic cavity and then, by differential growth of 
the body as well as more rapid proliferation of the caudal 
end of the urogenital ridge, the testis comes to lie within 
the lower abdomen or brim of the pelvis, a process 
referred to as the internal descent. Following this, it 
descends through the inguinal canal into the scrotal sac: 
the external descent. On this basis, malpositioned testes 
may be found at any point in this pathway of descent. 
The precise cause of cryptorchidism is still poorly under- 
stood. In a small percentage of cases, it is believed to 
be a congenital, hereditary disturbance. In another small 
group, it is related to some hormonal imbalance with 
incomplete sexual development. In most cases, how- 
ever, it represents an isolated, random, congenital 
anomaly or some mechanical obstruction to the complete 
external descent. A short spermatic cord, a narrow 
inguinal canal, inadequate development of the guber- 
naculum testis, and fibrous adhesions in the pathway of 
descent are all attributed causal significance. The con- 
dition is completely asymptomatic, and is found by the 
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patient or the examining physician only when the scrotal 
sac is discovered not to contain the testis. 


Testis and Epididymis 


Cryptorchidism may be unilateral or bilateral. When 
unilateral, it is somewhat more common on the right side. 
When discovered before the age of puberty, the organ is 
essentially normal in size, shape, and consistency and is 
only malpositioned. However, at about the time of puberty, 
progressive atrophy ensues and the organ shows progres- 
sive decrease in size, progressive increase in consistency, 
and, on cut surface, an increased amount of fibrous tissue, 
apparently replacing the testicular substance (Fig. 23—6A). 
At this stage, the testicular tubules fail to string out as do 
the normal. 

Histologically, the gross atrophy is accompanied by 
increasing hyaline thickening of the basement membranes 
of the tubules, with progressive increase of the interstitial 
connective stroma. Concomitantly, spermatogenic activity is 
diminished and then totally ceases. The germinal epithelium 
then undergoes significant atrophy until only a few primitive 
spermatogonia and Sertoli cells persist.° During this time, 
the basement membranes show increasing hyalinization and 
thickening, so that eventually the tubules become replaced 
by dense cords of hyaline connective tissue outlined by the 
prominent thickened basement membranes (Fig. 23-68). 
There is a concomitant increase of interstitial stroma and 
usually some hyperplasia of the interstitial cells of Leydig. 
However, in certain cases these cells may appear to remain 
normal or even be decreased in number when pituitary 
insufficiency underlies the condition. 


Cryptorchidism is of more than academic interest 
for many reasons. When the testis lies in the inguinal 


Figure 23-6. Testicular atrophy. A, The atrophic testis (above) is small and is replaced by white 
fibrous scars. Compare with cut surface of a normal testis (below). B, Microscopically, the tubules 
are visible as shadowy structures with markedly thickened basement membranes. Note the promi- 


nence of Leydig cells in upper left corner. (Courtesy of Dr. Fred Silva, Department of Pathology, 
University of Texas Health Science Center, Dallas.) 
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canal, it is particularly exposed to trauma and crushing 
against the ligaments and bones. A concomitant inguinal 
hernia frequently accompanies such malposition of the 
testis. From the morphologic changes, it is apparent 
that bilateral cryptorchidism may result in sterility at- 
tributed to the higher temperature in the environment 
of the nonscrotal testis or to concurrent primary gonadal 
dysgenesis. Finally, there is now agreement that the 
risk of testicular cancer is 17 to 29 times greater in 
cryptorchid men than in the general male popula- 
tion.'!* |! The incidence of tumors is four times greater 
in abdominal testes than in those located in the inguinal 
canal. The placement of the testis within the scrotum 
does not preclude the possibility of a cancer developing 
at a later date. Indeed, malignant change may occur in 
the contralateral, normally descended testis, suggesting 
that unilateral cryptorchidism may represent a gener- 
alized defect of testicular development.'? The unde- 
scended testis demands surgical correction, both to 
lessen the risk of sterility and to facilitate detection of a 
tumor at an early stage. 


MALE GENITAL SYSTEM 


REGRESSIVE CHANGES 
ATROPHY 


Atrophy is the only important regressive change 
that affects the scrotal testis, and may have a number 
of causes. These can be listed as (1) progressive athero- 
sclerotic narrowing of the blood supply in old age; (2) 
the end stage of an inflammatory orchitis, whatever the 
etiologic agent; (3) cryptorchidism; (4) hypopituitarism; 
(5) generalized malnutrition, or cachexia; (6) obstruction 
to the outflow of semen; and (7) irradiation. (8) Pro- 
longed administration of female sex hormones, such as 
is used in treatment of patients with carcinoma of the 
prostate, may lead to atrophy. (9) Exhaustion atrophy 
may follow the persistent stimulation produced by high 
levels of follicle-stimulating pituitary hormone. The 
gross and microscopic alterations follow the pattern 
already described for cryptorchidism. When the process 
is bilateral, as it-frequently is, sterility results. Atrophy 
or sometimes improper development of the testes oc- 
casionally occurs as a primary failure of genetic origin. 
The resulting condition, called Klinefelter’s syndrome, 
represents a sex chromosomal disorder that is discussed 
in detail on page 129 along with other cytogenetic 
diseases. 


INFLAMMATIONS 


Inflammations are distinctly more common in the 
epididymis than in the testis. It is classically taught that, 
of the three major specific inflammatory states, gonor- 
rhea and tuberculosis almost invariably arise in the 
epididymis, whereas syphilis affects first the testis. 


NONSPECIFIC EPIDIDYMITIS AND ORCHITIS 


Epididymitis and possible subsequent orchitis are 
commonly related to infections in the urinary tract 
(cystitis, urethritis, genitoprostatitis), which presumably 
reach the epididymis and the testis through either the 
vas deferens or the lymphatics of the spermatic cord. 
Two sexually transmitted diseases, gonorrhea and non- 
gonococcal urethritis (caused by Chlamydia trachoma- 
tis), are also important causes of epididymitis. The latter 
organism, in particular, is becoming an increasingly 
frequent cause of “idiopathic” epididymitis character- 
ized by failure to isolate bacteria from urine or epidid- 
ymal aspirates.'? In one five-year study it was found that 
E. coli or Pseudomonas was isolated from most patients 
over 35 years of age, whereas C. trachomatis or (less 
often) gonococci was the most frequent pathogen in 
persons under 35 years.'* Rarely, the testis or epi- 
didymis is seeded hematogenously from some other 
focus of infection. 


The bacterial invasion sets up a nonspecific acute 
inflammation characterized by congestion, edema, and a 
white cell infiltration chiefly by neutrophils, macrophages, 
and lymphocytes. Although the infection, in the early stage, 
is more or less limited to the interstitial connective tissue, it 
rapidly extends to involve the tubules and may progress to 
frank abscess formation or complete suppurative necrosis 
of the entire epididymis (Fig. 23—7). Usually, having involved 
the epididymis, the infection extends either by direct conti- 
nuity or through tubular channels or lymphatics into the testis 
to evoke a similar inflammatory reaction within the testis. 


— yo 
oe Org 8% * 
8g tg ote Tee dq 
og ratty PSS 


~ 


Figure 23-7. Nonspecific acute epididymitis. Inflammation has - 
partially destroyed tubule and has caused metaplasia of lining 
epithelium. 


Such inflammatory involvement of the epididymis and testis 
is often followed by fibrous scarring, which, in many cases, 
leads to permanent sterility. Sterility may result from inflam- 
matory obstruction of the excretory pathways or may be due 
to the intense pressure placed on the blood supply of the 
testis by the development of edema within a tight, fibrous, 
enclosing tunica albuginea. Thus, even when suppurative 
necrosis has not occurred, extensive inflammations may be 
followed by considerable atrophy of spermatic tubules and 
loss of spermatogenesis. Usually the interstitial cells of 
Leydig are not totally destroyed and are believed to be 
capable of regeneration when partially injured, so that sexual 
activity is not disturbed. Any such nonspecific infection may 
become chronic. 


GRANULOMATOUS (AUTOIMMUNE) ORCHITIS 


Among middle-aged men, a rare cause of unilateral 
testicular enlargement is nontuberculous, granuloma- 
tous orchitis. Often, the testicular swelling develops 
after an interval of a week to months following trauma 
to the testis.’ Histologically, the orchitis is distin- 
guished by granulomas seen both within spermatic 
tubules and in the intertubular connective tissue. The 
lesions closely resemble tubercles but differ somewhat 
in having plasma cells and occasional neutrophils inter- 
spersed within the enclosing rim of fibroblasts and 
lymphocytes. The cause of these lesions remains un- 
known, but traumatic destruction of spermatocytes 
within tubules or rupture of tubules with extravasation 
of damaged sperm is postulated. Lipid extracts of human 
spermatozoa will induce granulomas in humans. Alter- 
natively, spermatozoa may contain so-called sequestered 
antigens (p. 179), but the evidence for such is contro- 
versial. In any event, death of spermatozoa or rupture 
of tubules may be the trigger that initiates the inflam- 
matory response. 


SPECIFIC INFLAMMATIONS 


Gonorrhea 


Extension of infection from the posterior urethra to 
the prostate, seminal vesicles, and thence to the epidid- 
ymis is the usual course of a neglected gonococcal 
infection. Inflammatory changes similar to those de- 
scribed in the nonspecific infections occur, with the 
development of frank abscesses in the epididymis, re- 
sulting in extensive destruction of this organ. In the 
more neglected cases, the infection may thence spread 
to the testis and produce a suppurative orchitis. 


Mumps 


About 25 to 30% of cases of mumps in males occur 
in persons 10 years of age or older. In this pubertal and 
postpubertal group, orchitis may develop and has been 
reported in aproximately 30% of male patients who 
sought the care of a physician. Obviously, this sample 
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is biased by the undoubted fact that many cases of 
mumps without orchitis do not come to medical atten- 
tion, and only the more severe cases, particularly those 
with testicular involvement, are likely to be included in 
reported surveys. Most often, the acute interstitial 
orchitis develops about one week following onset of 
swelling of the parotid glands. Rarely, cases of orchitis 
precede the parotitis. 


In the acute stage, the inflammatory reaction is char- 
acterized by intense interstitial edema and mononuclear 
infiltration, consisting chiefly of lymphocytes, plasma cells, 
and macrophages. Neutrophils are usually not prominent 
but, in the more intense inflammatory responses, frank 
suppuration may develop and the tubular lumina may be- 
come filled with purulent exudate (Fig. 23-8). Since the 
process usually remains largely interstitial and is character- 
istically patchy and haphazard, healing of the inflammatory 
reaction may not be followed by any late residuals. However, 
when the edema has been intense, atrophy of the germinal 
epithelium may develop and give rise to sterility. Testicular 
neoplasms have arisen in such atrophic testes. 


Tuberculosis 


Tuberculosis almost invariably begins in the epidi- 
dymis and may spread to the testis. On all but rare 
occasions, such lesions reflect a tuberculous infection 
elsewhere in the body, almost invariably in the lungs. 
Rarely, tuberculous epididymitis has followed appar- 
ently isolated renal tuberculosis. In many of these cases, 


Eos tty Ws 
al hd, 


Figure 23—8. Acute severe mumps orchitis with extensive interstitial 
and intratubular exudation. 
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there is associated tuberculous prostatitis and seminal 
vesiculitis, and it is believed by some that epididymitis 
usually represents a secondary spread from these other 
involvements of the genital tract. However, the epidid- 
ymal involvement as a metastatic dissemination through 
the blood cannot be excluded, even in those cases with 
involvement of the organs in the urogenital system. 


MALE GENITAL SYSTEM 


The infection invokes the classic morphologic reactions 
of tuberculosis. Numerous tubercles become confluent to 
produce large caseous masses that, in the course of time, 
may obliterate the entire epididymal structure. By continuity 
or lymphogenous spread, such infections may extend into 
the adjacent regions of testis, but in most cases this organ 
is spared for long periods. The inflammatory involvement is 
followed, in the course of weeks or months, by progressive 
fibrous scarring and sometimes calcification. Infrequently, 
exudate accumulates within the tunica vaginalis and, equally 
rarely, tuberculous scrotal skin sinuses develop. 


Syphilis 


The testis and epididymis are affected in both 
acquired and congenital syphilis, but almost invariably 
the testis is involved first by the infection. In many 
cases, the orchitis is not accompanied by epididymitis. 


The morphologic pattern of the reaction takes two forms: 
the production of gummas, or a diffuse interstitial inflam- 
mation characterized by edema and lymphocytic and plasma 
cell infiltration with the characteristic hallmark of all syphilitic 
infections, !.e., obliterative endarteritis with perivascular cuff- 
ing of lymphocytes and plasma cells. In the early case, the 
gummas cause a nodular enlargement and the characteristic 
yellow-white foci of necrosis. The diffuse reaction causes 
swelling and induration. In the course of time, whether or 
not the morphologic reaction is that of the already described 
gumma formation or diffuse inflammation, progressive fi- 
brous scarring follows, which in turn leads to considerable 
tubular atrophy and, sometimes, sterility. Usually the testes 
shrink and become pale and fibrotic. The interstitial cells of 
Leydig are spared and sexual potency is not impaired. 
However, when the process is extremely advanced, the 
Leydig cells may be destroyed, resulting in loss of libido. 
Sterility occurs less often with the gumma than with the 
diffuse inflammation. 


Miscellaneous Infections 


The testis and epididymis are involved by hema- 
togenous metastatic dissemination of organisms in a wide 
variety of infectious diseases, such as leprosy, typhoid 
fever, brucellosis, and meningococcal and _ rickettsial 
infections, and in some fungal diseases such as blasto- 
mycosis and actinomycosis. In all these instances, the 
testicular and epididymal involvement is only one small 
component of the systemic disorder, and the local 
inflammatory changes resemble those found in the sys- 
temic disease. 


VASCULAR DISTURBANCES 
TORSION 


Twisting of the spermatic cord may cut off the 
venous drainage and the arterial supply to the testis. 
Usually, however, the thick-walled arteries remain pat- 
ent so that intense vascular engorgement and venous 
infarction follow. The usual precipitating cause of such 
torsion is some violent movement or physical trauma. 
In most instances, however, there are predisposing 
causes, such as incomplete descent, absence of the 
scrotal ligaments or the gubernaculum testis, atrophy of 
the testis so that it is abnormally mobile within the 
tunica vaginalis, abnormal attachment of the testis to 
the epididymis, or other abnormalities. 


Depending on the duration and severity of the process, 
the morphologic changes may be those of merely intense 
congestion to widespread extravasation of blood into the 
interstitial tissue of the testis and epididymis. In more ex- 
treme instances, hemorrhagic or even anemic infarction of 
the entire testis may occur (Fig. 23-9). In these late stages, 
the testis is markedly enlarged and is converted virtually into 
a sac of soft, necrotic, hemorrhagic tissue. The leukocytic 
reaction is very variable and depends on the free access of 
blood via the arterial system. Usually the blood flow is so 
impaired that leukocytic infiltration is not a prominent feature 
and the process essentially resembles one of pure coagu- 
lative necrosis without considerable inflammatory reaction. 


TESTICULAR TUMORS 


Testicular neoplasms span an amazing gamut of 
anatomic types. Approximately 95% arise from germ 
cells. Most of these germinal tumors are highly aggres- 
sive cancers capable of rapid and wide dissemination, 
although with current therapy the outlook for these 
patients has improved considerably. Many when limited 
to the testis can be cured, and even with disseminated 
tumors complete remissions can sometimes be achieved. 
Nongerminal tumors, in contrast, are generally benign, 
but some elaborate steroids leading to interesting en- 
docrinologic syndromes. 

CLASSIFICATION AND HISTOGENESIS. Classifications 
of the testicular tumors abound and, regrettably, vary 
widely. The major problems are the differing concepts 
of the histogenesis of these lesions and the endless 
variability in morphology among the various forms of 
neoplasms as well as within a single tumor. As one 
might guess, totipotential germ cells that become can- 
cerous are not inhibited in their lines of differentiation. 
The most authoritative and readily understood classifi- 
cation in the United States has been offered by Mostofi. 
More recently the W.H.O. has presented a classification 
of testicular tumors (Table 23-1) that differs in only 
minor aspects from the Mostofi classification. ! 

The latter classification is based on the view that 
the vast majority of tumors in the testis arise from the 


Figure 23-9. Torsion of testis. 


testicular germ cells (Fig. 23-10).!” The germ cells may 
give rise to seminoma, reflecting gonadal differentiation, 
or they may transform into totipotential tumor cells 
represented by embryonal carcinoma. According to this 
concept, embryonal carcinoma is the stem for all non- 
seminomatous germ cell tumors. Depending on the 
degree and line of differentiation of embryonal carci- 
noma cells, tumors with different histologic patterns 


Table 23-1. W.H.O. PATHOLOGIC CLASSIFICATION OF 
TESTICULAR TUMORS 


Il. Germ Cell tumors 
A. Tumors of one histologic type 
. Seminoma 
. Spermatocytic seminoma 
Embryonal carcinoma 
. Yolk sac tumor (embryonal carcinoma infantile type) 
. Polyembryoma 
. Choriocarcinoma 
. Teratomas 
a. Mature 
b. Immature 
c. With malignant transformation 
B. Tumors showing more than one histologic pattern 
1. Embryonal carcinoma plus teratoma (teratocarcinoma) 
2. Choriocarcinoma and any other types (specify types) 
3. Other combinations (specify) 
ll. Sex Cord—Stromal Tumors 
A. Well-differentiated forms 
1. Leydig cell tumor 
2. Sertoli cell tumor 
3. Granulosa cell tumor 
B. Mixed forms (specify) 
C. Incompletely differentiated forms. 
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Germ Cell 
Seminoma Embryonal Carcinoma 
Extraembryonic tissues Embryonic tissues 
Trophoblast Yolk sac Ectoderm Mesoderm Endoderm 
Choriocarcinoma Yolk sac tumor Teratoma 


Figure 23-10. Histogenesis of testicular tumors. (Adapted from 
Pierce, G. B., Jr., and Abell, M. A.: Embryonal carcinoma of the 
testis. In Sommers, S. C. (ed.): Pathology Annual. New York, 
Appleton-Century-Crofts, 1970, p. 28. 


result. The most undifferentiated state is represented 
by pure embryonal cell carcinoma, whereas choriocar- 
cinoma and yolk sac tumor represent commitment of 
the tumor stem cells to differentiate into specific ex- 
traembryonic cell types. Teratoma, on the other hand, 
results from differentiation of the embryonic carcinoma 
cells along the lines of all three germ cell layers, and 
therefore teratomas contain the greatest variety of neo- 
plastic cells and tissues. This scheme provides a rational 
explanation for the apparently bewildering array of 
histologic patterns and is supported by the following 
observations: (1) the frequent coexistence of embryonal 
carcinoma and teratoma in the testis; (2) the presence 
of teratoma or choriocarcinoma in the metastasis of a 
tumor, which in its primary site appears to be an 
embryonal carcinoma; (3) the ultrastructural similarity 
between seminoma cells and normal primitive germ 
cells; and (4) the in situ origin of seminoma, embryonal 
carcinoma, and choriocarcinoma within the seminiferous 
tubules.'® The last-mentioned finding strengthens the 
concept of an intratubular germ cell origin for the great 
majority of testicular tumors. Furthermore, this scheme 
of the histogenesis of testicular tumors is also supported 
by murine models of testicular carcinoma.'® Although 
this scheme is widely accepted, it should be pointed 
out that an alternative hypothesis, which forms the basis 
of the British system of classification, states that only 
seminomas arise from germ cells, whereas all others 
originate from blastomeres displaced early in embryonic 
development. According to this view, all the nonsemi- 
nomatous tumors (excluding the stromal tumors) should 
be classified as teratomas with varying degrees of differ- 
entiation.” 


GERM CELL TUMORS 


The incidence of testicular tumors in the United 
States is approximately two per 100,000 males. They 
cause about 0.5% of all male cancer deaths. In the 15- 
to 34-year age group, which is when these neoplasms 
have a peak incidence, they constitute the most common 
tumor of males and cause approximately 14% of all 
cancer deaths. Two smaller peaks of incidence are 
encountered in infancy and in later life. It is distressing 
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to note that the incidence of these neoplasms is on the 
increase, especially in the age group between 15 and 
34 years.”! 

PATHOGENESIS. As with all neoplasms, little is 
known about the ultimate cause of germinal tumors. 
However, several predisposing influences may be im- 
portant: (1) cryptorchidism, (2) genetic factors, and (3) 
testicular dysgenesis, all of which may contribute to a 
common denominator—germ cell maldevelopment. 
Reference has already been made (p. 1087) to the 
increased incidence of neoplasms in undescended testes. 
It has been calculated that one in 20 abdominal testes 
and one in 80 inguinal testes will develop a tumor. 
Although clinical studies suggest a ten- to 40-fold higher 
risk of development of testicular cancer in undescended 
testes, more recent epidemiologic (case control) studies 
place the risk between 2.5 and 8.8.7! The factors im- 
pinging on the cryptorchid that contribute to this in- 
creased risk of oncogenesis are not clear. It seems 
unlikely that the abnormal environment of the misplaced 
testis is related to the increased risk of carcinogenesis, 
since there is also an increased incidence of tumors in 
the contralateral, normally positioned testes. It seems 
more probable that there are common predisposing 
factors, possibly hormonal, associated with both testic- 
ular cancer and cryptorchidism.” 

The putative risk factors must act early, since 
surgical correction of maldescent (orchiopexy), even 
when done several years before the age of peak tumor 
incidence, does not eliminate the increased risk.2' Al- 
though orchiopexy before the age of 6 years is recom- 
mended, there are virtually no data to prove that it 
ensures a normal risk of testicular cancer.?> Genetic 
predisposition also seems to be important, although no 
well-defined pattern of inheritance has been identified. 
In support, the striking racial differences in the inci- 
dence of testicular tumors can be cited. Blacks in Africa 
have an extremely low incidence of these neoplasms, 
which is unaffected by migration to the U.S. It is 
interesting to note that, in a study performed in Los 
Angeles county, there was not only a fourfold higher 
incidence of testicular cancer in white males than in 
black males, but also a threefold greater risk of unde- 
scended testis in whites,” pointing again to possible 
common factors in the pathogenesis of cryptorchidism 
and testicular cancer. Genetic influences may also un- 
derlie the incidence of testicular tumors in certain 
families. Moreover, a patient having a testicular tumor 
is at much greater risk of having a second tumor in the 
other testis, sometimes years later.*4 Testicular dysgen- 
esis (p. 134) also seems to predispose to tumor devel- 
opment since malignant germ cell tumors develop in 
approximately 25% of dysgenetic testes.”° 

In summary, it appears that some abnormality in 
the development of germ cells may be the common 
denominator in predisposition to testicular cancer. Al- 
though such abnormalities are overt and severe only in 
some cases (e.g., cryptorchidism), more subtle aberra- 
tions may well underlie most cases. The changes may 
be genetically determined or perhaps may result from 
the interplay of genetic and endocrine factors. 


MALE GENITAL SYSTEM 


With this background of histogenesis, we can dis- 
cuss the morphologic patterns of germ cell tumors 
followed by the clinical features common to most ger- 
minal tumors. The student can take comfort in the fact 
that some of the tumors listed in Table 23-1 are suffi- 
ciently rare to justify exclusion from the following dis- 
cussion. 


Specific Types of Germinal Tumors 


About 60% of germinal tumors are composed of a 
single cell type. These “pure” types will be described 
first, followed by some comments about the mixed 
patterns. Only then will the staging and clinical features 
common to most germ cell tumors be presented. 


SEMINOMA 


Seminomas are the most common type of germinal 
tumor (40%) and the type most likely to produce a 
uniform population of cells. They almost never occur in 
infants; they peak in the fourth decade, somewhat later 
than the collective peak. 

Three histologic variants of seminoma are de- 
scribed: typical (85%), anaplastic (5 to 10%), and sper- 
matocytic (4 to 6%). The last-mentioned has been seg- 
regated into a separate category in the W.H.O. classi- 
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Figure 23-11. Seminoma. Testis is enlarged and virtually replaced 
by lobulated, homogeneous, gray-white tumor tissue. Hemorrhage 
and necrosis are not prominent. (Courtesy of Dr. Fred Silva, De- 
partment of Pathology, University of Texas Health Science Center, 
Dallas.) 


fication and will be discussed later. All produce bulky 
masses, sometimes ten times the size of the normal 
testis. 


The typical seminoma has a homogeneous, gray-white, 
lobulated, cut surface, usually devoid of hemorrhages or 
necroses (Fig. 23-11). In over half the cases, the entire 
testis is replaced. The anaplastic variant has a similar 
macroscopic appearance. Generally, the tunica albuginea is 
not penetrated, but occasionally extension to the epididymis, 
spermatic cord, or scrotal sac occurs. 

Microscopically, the typical seminoma, presumably de- 
rived from the proliferation of primary germ cells, presents 
sheets of uniform, so-called “seminoma cells” divided into 
poorly demarcated lobules by delicate septa of fibrous tissue. 
The classic “seminoma cell” is large and round-to-polyhedral 
and has a distinct cell membrane, a cleared or watery- 
appearing cytoplasm, and a large, central hyperchromatic 
nucleus with one or two prominent nucleoli. Mitoses are 
infrequent. The cytoplasm contains varying amounts of gly- 
cogen arid, rarely, lipid vacuoles. Tumor giant cells may be 
present as well as syncytial giant cells; the latter resemble 
the syncytiotrophoblast of the placenta both morphologically 
and in that they contain human chorionic gonadotropins 
(HCG). The amount of stroma varies greatly. Sometimes it 
is scant and at other times abundant. Usually, well-defined 
fibrous strands are present, creating lobules of neoplastic 
cells. The septa are infiltrated with lymphocytes in 80% of 
cases (Fig. 23-12). In about 20% of tumors, the septa also 
bear prominent granulomatous reactions, i.e., aggregates of 
histiocytes enclosed within a rim of fibroblasts, lymphocytes, 
and occasional foreign body giant cells. The lymphocytic 
and granulomatous reactions are believed to reflect an 
immune response, and there is evidence that the richer 
these features, the better is the prognosis. 

The anaplastic seminoma, as the name indicates, pre- 
sents greater cellular and nuclear irregularity with more 
frequent tumor giant cells and many mitoses. Most critical 
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to the identification of this pattern are the size of the cells 
and the presence of three or more mitoses per high-power 
field. Well-developed lymphocytic and granulomatous reac- 
tions are infrequent. 


Testis and Epididymis 


SPERMATOCYTIC SEMINOMA 


Although related by name, there is little in common 
between spermatocytic and classic seminomas. Both 
clinically and histologically, spermatocytic seminoma 
appears to be a distinctive tumor, and as such its 
separation from classic seminoma in the W.H.O. clas- 
sification seems justified. It is an uncommon tumor, the 
reported incidence being approximately 4 to 6% of all 
seminomas. The age of involvement is much later than 
for most testicular tumors: affected individuals are 
mostly over the age of 65 years. Unlike. classic semi- 
noma, it is a slow-growing tumor that rarely if ever 
produces metastases, and hence the prognosis is excel- 
lent. 

Grossly, spermatocytic seminoma tends to be larger 
than classic seminoma and presents with a pale gray, soft, 
and friable cut surface. As compared with classic seminoma, 
the cut surface is more often mucoid and areas of cystic 
degeneration are common. Spermatocytic seminomas have 
three cell populations, all intermixed: (1) medium-sized (15 
to 18 ), the most numerous, which contain a round nucleus 
and eosinophilic cytoplasm; (2) smaller cells (6 to 8 2), with 
a narrow rim of eosinophilic cytoplasm resembling secondary 
spermatocytes; and (3) scattered giant cells (50 to 100 ,), 
either uni- or multinucleate. Thus, marked variation in tumor 
cell size is an important microscopic feature. Unlike classic 
seminomas, there are no lymphocytes in the tumor, and the 
mitoses are more common. Under the electron microscope, 
tumor cells show nuclear and cytoplasmic features of sper- 
matocytic maturation, thus justifying the term spermatocytic 
seminoma. 


Figure 23-12. A, Microscopic detail of large, cleared seminoma cells. B, Seminoma with abundant 


lymphoid infiltrate. 
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EMBRYONAL CARCINOMA 


MALE GENITAL SYSTEM 


Embryonal carcinomas represent approximately 
20% of testicular tumors and occur mostly in the 20- to 
30-year age group. Although considerable progress has 
been made in treating these tumors with chemotherapy, 
they are more aggressive and lethal than typical semi- 
nomas. 


Grossly, the tumor is often a small lesion that does not 
replace the entire testes. Larger, bulky tumors may be found, 
but are the exception. On cut surfaces the mass is basically 
gray-white, but often variegated, poorly demarcated at the 
margins, and punctuated by foci of hemorrhage or necroses 
(Fig. 23-13). Extension into the epididymis or cord is not 
infrequent. Histologically, the cells grow in glandular, 
alveolar, or tubular patterns, sometimes with papillary 
convolutions (Fig. 23-14). More undifferentiated lesions 
may present sheets of cells. The neoplastic cells have an 
epithelial appearance and are large, anaplastic, and embry- 
onic in aspect, with angry-looking hyperchromatic nuclei 
having prominent nucleoli. Unlike the case with seminoma, 
the cell borders are usually indistinct and there is consider- 
able variation in cell and nuclear size and shape. Mitotic 
figures and tumor giant cells are frequent. Occasionally, 
syncytial giant cells are present, which then may contain 
HCG. Immunocytochemical studies also demonstrate the 
presence of alpha-fetoprotein (AFP) in the tumor cells.2> The 
stroma may be scant or abundant, and loose or hyalinized: 
however, it does not contain lymphocytes as seen in semi- 
nomas. 


Fig. 23-13 


YOLK SAC TUMOR 


Also known as infantile embryonal carcinoma or 
endodermal sinus tumor, the yolk sac tumor is the most 
common testicular tumor in infants and children. In 
adults, the pure form of this tumor is rare; more often 
it occurs in combination with embryonal carcinoma. 


Grossly, the tumor is nonencapsulated, and on cross 
section it presents a homogeneous, yellow-white, mucinous 
appearance. Characteristic on microscopic examination are 
spaces of varying size lined by flattened-to-cuboidal epithe- 
lial cells. In addition, papillary structures or solid cords of 
cells may be found. In some tumors the so-called endoder- 
mal sinuses may be seen: these consist of a mesodermal 
core with a central capillary and a visceral and parietal layer 
of cells resembling primitive glomeruli. More typically the 
tumor cells have vacuolated cytoplasm, and in some cases 
the vacuoles coalesce to form large cleared spaces. Present 
within and outside the cytoplasm are eosinophilic, hyaline- 
like globules in which AFP and alpha-1-antitrypsin can be 
demonstrated by immunocytochemical staining. The pres- 
ence of AFP in the tumor cells is highly characteristic and it 
underscores their differentiation into yolk sac cells. 


POLYEMBRYOMA 


This tumor in its pure form is extremely rare. Most 
often it forms a component of embryonal carcinoma or 
teratoma. It consists of so-called “embryoid bodies” that 
may appear in the form of a disc, a cavity, or a tubular 
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Fig. 23-14 


Figure 23-13. Embryonal carcinoma with extensive mottled necrosis and hemorrhage. 
Figure 23-14. Embryonal carcinoma growing in glandular and papillary fashion. 


structure. The disc resembles embryonic disc and is 
made up of undifferentiated, large epithelial cells; the 
cavity that represents the amniotic space is lined by 
flattened epithelial cells. These embryoid structures are 
surrounded by loose mesenchyme in which trophoblas- 
tic elements may be seen. 


CHORIOCARCINOMA 


This highly malignant form of testicular tumor is 
composed of both cytotrophoblast and syncytiotropho- 
blast; both cell types must be present to enable the 
diagnosis to be made. Identical tumors may arise in the 
placental tissue, ovary, or sequestered rests of totipo- 
tential cells, e.g., in the mediastinum or abdomen. 
Fortunately, in its “pure” form it is a rare testicular 
tumor. As emphasized later, foci of choriocarcinoma are 
much more common in mixed patterns. 


Despite their aggressive behavior, pure choriocarcino- 
mas are usually small lesions. Often they cause no testic- 
ular enlargement and are detected only as a small 
palpable nodule. Because they are rapidly growing, they 
may outgrow their blood supply, and sometimes the primary 
testicular focus is replaced by a small fibrous scar, leaving 
only widespread metastases. On the other hand, the primary 
lesion may be a hemorrhagic, large bulky mass of clotted 
blood in which tiny bits of gray tumor, or indeed no tumor, 
can be identified. It is the necrotic hemorrhagic appearance 
that is most characteristic of these neoplasms. Histologically, 
one must find the two cell types. The syncytiotrophoblastic 
cell is large and has many irregular or lobular hyperchromatic 
nuclei and an abundant eosinophilic vacuolated cytoplasm. 
As might be expected, HCG can be readily demonstrated in 
the cytoplasm of syncytiotrophoblastic cells. The cytotro- 
phoblastic cells are more regular and tend to be polygonal 
with distinct cell borders and clear cytoplasm; they grow in 
cords or masses and have a single, fairly uniform nucleus. 
Often the syncytial cells cap a cluster of cytotrophoblastic 
cells, but well-formed placental villi are never seen. These 
viable tumor cells are generally scattered within large areas 
of hemorrhage or necrotic tumor, or both. More anatomic 
details are available in the discussion of these neoplasms 
in the female genital tract (p. 1151). 


TERATOMA 


The designation teratoma refers to a group of 
complex tumors having various cellular or organoid 
components reminiscent of normal derivatives from 
more than one germ layer. They may occur at any age 
from infancy to adult life. Indeed, teratomas are some 
of the more common tumors in infants and children; in 
adults they make up about 10% of testicular neoplasms. 
These tumors are derived from totipotential cells having 
the capacity to differentiate into elements representative 
of any of the three germ layers—ectoderm, mesoderm, 
and endoderm. 


Histologically, three variants based on the degree of 
differentiation are recognized.” 

Mature teratomas are composed of a heterogeneous, 
helter-skelter collection of differentiated cells or organoid 
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structures such as neural-tissue, muscle bundles, islands of 
cartilage, clusters of squamous epithelium, structures remi- 
niscent of thyroid gland, bronchial or bronchiolar epithelium, 
and bits of intestinal wall or brain substance, all embedded 
in a fibrous or myxoid stroma (Fig. 23-15). All the elements 
are differentiated and present no evidence of potentially 
malignant, more embryonic cells. This mature variant occurs 
with relatively greater frequency in infancy and childhood. 
Similar tumors may occur in adults, but there is a far greater 
risk of small hidden foci of immature or malignant compo- 
nents that may escape detection despite rigorous sampling 
of the lesion. Thus, although teratomas may appear entirely 
mature and benign, such a diagnosis in an adult must be 
made with circumspection. Dermoid cysts, common in the 
ovary (p. 1149), are rare in the testis. They represent a 
special form of mature teratoma. 

Immature teratomas can be viewed as intermediate 
between mature teratoma and embryonal carcinoma. Unlike 
the mature teratoma, elements of the three germ cell layers 
are incompletely differentiated and not arranged in organoid 
fashion. Even though the differentiation is incomplete, the 
nature of the embryonic tissue can be clearly identified; thus, 
poorly formed cartilage, neuroblasts, loose mesenchyme, 
and clusters of glandular structures may be seen lying helter- 
skelter. In some areas, more mature forms of these tissues 
may also be seen. Although these tumors are clearly malig- 
nant, the tissue elements may not show the cytologic fea- 
tures of malignancy. In contrast, the third variant—teratoma 
with malignant transformation—shows clear evidence of 


Testis and Epididymis 
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lined epithelial cyst (below) reminiscent of bronchial epithelium, (2) 
an island of immature chondroid tissue (upper left), and (3) a loose- 
to-compact fibrous stroma. 
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malignancy in derivatives of one or more germ cell layers. 
Thus, there may be a focus of squamous cell carcinoma, 
mucin-secreting adenocarcinoma, or a sarcoma. Immature 
and frankly malignant teratomas occur more commonly in 
adults. 

Owing to the wide variety of tissues present in terato- 
mas, the gross appearance is understandably variable. Ter- 
atomas, whether mature or immature, reveal on gross in- 
spection a variegated cut surface with minute cysts, islands 
of translucent cartilage, and possibly foci of bone, all embed- 
ded within a gray-white solid matrix (Fig. 23-16). They often 
cause testicular enlargement, sometimes producing bulky 
masses. 


In the child, differentiated mature teratomas may 
be expected to behave as benign tumors, and almost all 
these patients have a good prognosis. In the adult, it is 
difficult to be certain because, as pointed out, even 
apparently differentiated mature teratomas may harbor 
minute foci of cancer. It would require meticulous serial- 
sectioning of all these large neoplasms to uncover the 
small foci of cancer in some. Thus, some writers say 
that all teratomas in the adult should be considered 
malignant. Clinical experience has proved, however, 
that some solid mature teratomas are indeed benign 
and capable of local excision, with cure following or- 
chiectomy. 


MixED TUMORS 


About 40% of testicular tumors are composed of 
more than one of the “pure” patterns. The most common 
mixture is that of teratoma and embryonal carcinoma, 


Figure 23-16. Teratoma of testis. The variegated cut surface 
reflects the multiplicity of tissue found histologically. 


which constitutes 25% of all testicular neoplasms to 
which the designation teratocarcinoma has been ap- 
plied. Much less often, the teratoma has varying com- 
ponents of embryonal carcinoma, seminoma, or chorio- 
carcinoma, as well as sarcomatous elements and 
sometimes several of these features together. Combi- 
nations of seminoma and embryonal carcinoma may also 
appear. These varied mixtures are indicated by the 
elements that they contain. In most instances the prog- 
nosis is worsened by the inclusion of more aggressive 
elements: e.g., the teratoma with a focus of choriocar- 
cinoma has an outlook worse than that of pure teratoma, 
but better than that of pure choriocarcinoma. It is 
noteworthy that metastases of these mixed tumors may 
be composed of only one or more of the various neo- 
plastic components, and indeed a new line of differen- 
tiation sometimes appears. | 

CLINICAL FEATURES. Testicular tumors present 
most often as painless enlargement of the testis. Indeed, 
any testicular mass should be considered neoplastic 
unless proved otherwise. Clinical differentiation be- 
tween various types of germ cell tumors is at best 
imperfect since there are no distinctive clinical features 
to the testicular masses produced by these tumors. As 
mentioned earlier, the rare choriocarcinoma may not 
cause any testicular enlargement but instead may reveal 
its ominous nature by presenting with widespread me- 
tastasis. Only a small fraction of the other testicular 
tumors manifest initially with symptoms referable to 
distant metastasis. Tumors of the testis have a charac- 
teristic mode of spread, knowledge of which is helpful 
in clinical staging as well as treatment. In general, 
testicular tumors initially involve the common iliac and 
paraortic nodes, and later spread to mediastinal and 
supraclavicular lymph nodes. Tumors that extend to the 
epididymis may spread to the external iliac nodes. 
Seminomas typically spread via the lymphatic route 
after having remained localized for a long time. Visceral 
involvement with seminomas is usually a late event. In 
contrast, embryonal carcinomas not only metastasize 
earlier but also utilize the hematogenous route more 
frequently. Thus, lymph nodes, liver, and lungs may be 
involved. Choriocarcinoma, the most aggressive variant, 
spreads predominantly via the bloodstream, and there- 
fore lungs and liver are involved early in virtually every 
case. Although most testicular tumors retain the mor- 
phologic appearance of the primary in the metastatic 
foci, the histology of metastases may sometimes be 
different from that of the testicular lesion. Such diver- 
gence could indeed result from inadequate sampling of 
the primary, but in some instances the difference is 
real. Thus, a mature teratoma may show foci of em- 
bryonal carcinoma or choriocarcinoma in the lymph 
nodes, and conversely embryonal carcinoma may pre- 
sent a teratomatous picture in the secondary deposits. 
As discussed earlier (p. 1090), if one accepts the view 
that all these tumors are derived from the neoplastic 
germ cells, the apparent “forward” and “backward” 
differentiation seen in different locations is not entirely 
surprising. 


STAGING AND MARKERS OF GERM CELL TUMORS. 
Unfortunately, there is no uniformly accepted method 
of staging these tumors. Basically, two forms of stag- 
ing classifications exist. The TNM classification is com- 
plex and not yet widely used.?” Most others define three 
stages based on whether the tumor is confined to the 
testis (Stage I), has spread to the nodes below the 
diaphragm (Stage II), or has spread to distant sites 
(Stage III). One such scheme is presented in Table 
23-2,” 

Major advances in the diagnosis, staging, and man- 
agement of testicular germ cell tumors have been made 
‘possible by the development of sensitive and specific 
assays for the detection of tumor-associated polypep- 
tides.*° Germ cell testicular cancers are associated with 
the production of AFP and HCG. AFP, a protein with 
a molecular weight of 70,000, is the major serum protein 
of the early fetus and is synthesized by the fetal gut, 
liver cells, and yolk sac. One year after birth, the serum 
levels of AFP fall to less than 16 ng per ml, which is 
undetectable except by the most sensitive assays. HCG 
is a glycoprotein consisting of two dissimilar polypeptide 
units called alpha and beta. It is normally synthesized 
and secreted by the placental syncytiotrophoblast. The 
beta subunit of HCG has unique sequences not shared 
with other human glycoprotein hormones, and therefore 
the detection of HCG in the serum is based on a 
radioimmunoassay using antibodies to its beta chain. As 
might be expected from the histogenesis and morphol- 
ogy, elevated levels of these markers are most often 
associated with nonseminomatous tumors. In one large 
series,”> 7% of seminomas, 44% of teratomas, 88% of 
embryonal carcinomas, 86% of teratocarcinomas, and 
75% of yolk sac tumors, and all cases of choriocarcinoma 
demonstrated elevated levels of serum HCG and/or 
AFP. Yolk sac tumors produce AFP exclusively, and 
choriocarcinomas elaborate only HCG, whereas most 
patients with teratoma, embryonal carcinoma, and ter- 
atocarcinoma (but not all) have elevations of both AFP 
and HCG simultaneously. Patients with nonseminoma- 
tous tumors who do not have increased levels of these 
tumor markers usually have minimal disease.” Studies 
of tumor markers, in addition to their value in diagnosis, 
are also helpful in staging and follow-up. For example, 
an elevated serum level following orchiectomy is a clear 
indication of Stage II disease; similarly, serial measure- 


Table 23—2 STAGING OF TESTICULAR TUMORS 


Stage | Local Spread 
P1 Confined to testis 
P2 Involvement of testicular adnexa 
P3 Involvement of scrotal wall 
Stage Il Confined to Retroperitoneal Lymphatics 
N1 Microscopic 
N2 Gross involvement without capsular invasion 
N3 Gross involvement with capsular invasion 
N4 Massive involvement of retroperitoneal structures 
Stage Ill Beyond Retroperitoneum 
M1 Solitary metastasis 
M2 Multiple metastasis 


P = primary lesion 
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ments of marker levels after therapy often can predict 
recurrences well in advance of clinical relapse. 

The presence of elevated serum HCG levels in 
some patients with seminoma is not fully understood. 
Could all the serum HCG be produced by the syncytial 
giant cells known to occur in some seminomas, or should 
one suspect a mixed tumor with elements of choriocar- 
cinoma? Alternatively, one might suspect the presence 
of nonseminomatous metastasis, which admittedly is not 
common. Definite answers are not yet available, but 
some authorities believe that the presence of elevated 
serum HCG in a patient with seminoma calls for a more 
aggressive therapeutic approach.” 

The therapy and prognosis of testicular tumors 
depend largely on clinical stage and to some extent on 
the histologic type. Seminoma, which is extremely 
radiosensitive and tends to remain localized for long 
periods, has the best prognosis. More than 90% of 
patients with Stage I and II disease can be cured. 
According to some investigators, the prognosis for ana- 
plastic seminomas is similar to that of classic seminoma 
for the same stage of disease.”* Others, however, con- 
sider the anaplastic variant to be a more aggressive 
tumor.*° Among nonseminomatous tumors, the histo- 
logic subtype does not influence the prognosis signifi- 
cantly, and hence these are treated as a group. Although 
they do not share the good prognosis of seminoma, 
studies report considerable success in achieving signifi- 
cant remissions with aggressive chemotherapy.*’ Cur- 
rently, a 75% to 90% two-year survival rate for Stage I 
disease, and 50% two-year survival rate for Stage II 
disease, is being reported. 


Testis and Epididymis 


TUMORS OF SEX CORD—GONADAL STROMA 


As indicated in Table 23-1, these tumors are sub- 
classified on the basis of their presumed histogenesis 
and differentiation. The two most important members 
of this group—Leydig cell tumors (derived from the 
stroma) and Sertoli cell tumors (derived from the sex 
cord)—are described here. 


Leydig (Interstitial) Cell Tumors 


Tumors of Leydig cells are particularly interesting 
because they may elaborate androgens or androgens 
and estrogens and, indeed, some tumors have also 
elaborated corticosteroids. As might be expected, the 
tumor cells are rich in enzymes and 11- and 17-beta- 
hydroxylases; 17-alpha-hydroxylase, as well as other 
steroidogenic enzymes normally found in interstitial and 
adrenal cortical cells, has been identified in these tu- 
mors. They make up about 2% of testicular tumors and 
may arise at any age. In children they may induce 
precocious masculinization or, less often, feminization. 
In adults the only hormonal influence detectable is 
gynecomastia. 


These neoplasms range from small nodules less than 
1 cm in diameter to bulky masses 10 cm in diameter. Bilateral 
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neoplasms are encountered in 5 to 10% of patients. On cut 
surface they can often be recognized by a distinctive, uni- 
form, yellow-brown hue. 

Histologically, Leydig cells usually are remarkably sim- 
ilar to their normal forebears. They are large, round, or 
polygonal, and have an abundant granular eosinophilic cy- 
toplasm and a round central nucleus. Cell boundaries are 
often indistinct. The cytoplasm frequently contains lipid 
granules, vacuoles, or lipochrome pigment, but, most 
characteristically, rod-shaped crystalloids of Reinke oc- 
cur in about half the tumors. Although the cells are most 
often found in diffuse sheets or masses, sometimes cords 
or nests appear separated by a fibrous or hyaline stroma. 
As in the case of other endocrine tumors, they may display 
variability in cell and nuclear size and shape, often with 
bi- or multinucleate cells. These do not necessarily indicate 
that the tumor is malignant: most are benign; only 10% are 
invasive and produce metastases. 
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Sertoli Cell Tumors (Androblastoma) 


These tumors may be composed entirely of Sertoli 
cells or may have a component of granulosa cells. Some 
induce endocrinologic changes. Either estrogens or an- 
drogens may be elaborated but only infrequently in 
sufficient quantity to cause precocious masculinization 
or feminization. Occasionally, as with Leydig cell tu- 
mors, gynecomastia appears. 


These neoplasms may appear as firm, small nodules or 
rarely as bulky masses causing considerable testicular en- 
largement. On cross section the surface is homogeneous 
gray-white to yellow. Histologically, in the classic form the 
cells are quite distinctive and are either tall, columnar, or 
polyhedral, having abundant, usually vacuolated cytoplasm. 
Uniformity of cell size and shape is the rule, and mitoses 
and giant cells are rare. Quite distinctive is the tendency for 
these cells to grow in cords highly reminiscent of spermatic 
tubules. Variations on this theme may occur in the form of 
foci of spindled theca-like cells or areas of small cuboidal 
cells having a follicular arrangement reminiscent of granu- 
losa cell tumors (p. 1152). The great majority of Sertoli cell 
tumors are benign, but occasional tumors (approximately 
10%) are more anaplastic and pursue a malignant course. 


TESTICULAR LYMPHOMA 


Although not primarily a tumor of the testis, testic- 
ular lymphoma is included here since affected patients 
present with only a testicular mass. Lymphomas account 
for 5% of testicular neoplasms and constitute the most 
common form of testicular cancer in elderly men. In 
most cases, disseminated disease follows detection of 
the testicular mass, but in some the tumor remains 
confined to the testis.» The histologic pattern of the 
tumors is diffuse in almost all the cases and the predom- 
inant cell type is diffuse histocytic (in the Rappaport 
classification, p. 660). Less common tumors made up of 
other cell types, discussed on page 659, may also be 
seen. The prognosis is extremely poor, unless after 
appropriate staging procedures the disease is found to 
be confined to the testis. 


ADENOMATOID TUMORS 


These are benign, slow-growing nodules that arise 
in the epididymis. They usually have an encapsulated, 
firm, gray-white macroscopic appearance and are rarely 
larger than a few centimeters in size. On microscopic 
examination, they contain variable amounts of stroma 
and an admixture of cells that seem to have an epithelial 
origin. In some instances, these apparent epithelial 
cuboidal cells line cystic spaces. At other times, they 
form small apparent glandular patterns; at still other 
times, they are disposed in cords and nests. Occasion- 
ally, these cells contain vacuoles that do not react with 
the usual fat or glycogen stains. Tumors of identical 
gross and histologic appearance also occur on the serosal 
surface of the fallopian tubes and the uterus. The origin 
of these uncommon tumors is believed to be from the 
mesothelium, although other origins have been consid- 
ered, including that from miillerian duct vestiges, en- 
dothelium, and mesonephric ducts. 


MISCELLANEOUS LESIONS OF 
TUNICA VAGINALIS 


Brief mention should be made of the tunica vagi- 
nalis. As a serosa-lined sac immediately proximal to the 
testis and epididymis, it may become involved by any 
lesion arising in these two structures. Clear serous fluid 
may accumulate from neighboring infections or tumors 
(hydrocele). Usually about 100 ml of fluid is found, but 
amounts of up to 300 ml, rarely larger, have been 
described. The tunica may fill up with fluids when there 
is systemic edema, as in cardiac failure or renal disease; 
at other times, when the processus vaginalis has failed 
to close completely, peritoneal fluid may seep in and 


Figure 23-17. An infected hydrocele sac. The wall is thick and 
fibrous and has a shaggy lining. 


accumulate. Considerable enlargement of the scrotal sac 
is produced, which can be readily mistaken for testicular 
enlargement. However, by transillumination it is usually 
possible to define the clear, translucent character of the 
contained substance, and many times the opaque testis 
can be outlined within this fluid-filled space. When 
infected, as in the course of a tap or by the extension 
of organisms directly from infections within the testis or 
epididymis or through the lymphohematogenous route, 
the serosa-lined membrane may be converted to a 
shaggy, thickened, fibrous wall and the serous fluid may 
be transformed to frank pus (Fig. 23-17). In the course 
of time, overgrowth of the organisms may halt their 
multiplication, and the process may undergo autoster- 
ilization with organization of the exudate and destruction 
of the original serosa-lined space. 

Hematocele indicates the presence of blood in the 
tunica vaginalis. It is an uncommon condition usually 


NORMAL Benign Enlargement 
PATHOLOGY 
inflammations 
Nonspecific acute and chronic prostatitis Tumors 
Granulomatous prostatitis Carcinoma 


NORMAL 


In the normal adult, the prostate weighs approxi- 
mately 20 gm. It is a retroperitoneal organ encircling 
the neck of the bladder and urethra and is devoid of a 
distinct capsule. Classically, the prostate has been di- 
vided into five lobes, to which are attributed distinctive 
significance in the development of tumors and benign 
enlargements. These five lobes include a posterior, 
middle, and anterior lobe and two lateral lobes. How- 
ever, other investigators deny the clear definition of 
these five lobes and suggest that, in the course of 
development, the five become fused into only three 
distinct lobes—two major lateral lobes and a small 
median lobe, which presumably includes the classic 
posterior lobe. Cross section of the gland, however, fails 
to disclose well-defined lobes, and only two lateral 
masses can be found on either side of the urethra, as 
well as a much thinner median lobe, which forms the 
floor of the urethra. In the normal adult, the prostate 
has a homogeneous, pale gray, cut surface in which it 
is possible with a low-power lens to identify small, 
discrete, yellow-white, minute cystic areas representing 
prostatic glands from which may be extruded, by slight 
pressure, a milky fluid. 

Histologically, the prostate is a compound tubulo- 
alveolar gland, which, in one plane of section, presents 
small to fairly large glandular spaces lined by epithe- 
lium. Characteristically, the glands are lined by two 
layers of cells: a basal layer of low cuboidal epithelium 
covered by a layer of columnar mucus-secreting cells. 
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encountered only when there has been either direct 
trauma to the testis or torsion of the testis with hem- 
orrhagic suffusion into the surrounding vaginalis, or in 
hemorrhagic diseases associated with widespread bleed- 
ing diatheses. Tumorous invasion may evoke a hydro- 
hematocele. 

Chylocele refers to the accumulation of lymphatic 
fluid in the tunica and is almost always found only in 
patients with elephantiasis who have widespread and 
severe lymphatic obstruction. For clarity’s sake, men- 
tion should be made of the spermatocele and varicocele, 
which refer respectively to small cystic accumulations 
of either semen or blood in the spermatic cord. In the 
spermatocele, the cyst usually represents a dilatation of 
one of the ducts in the head of the epididymis; in the 
case of varicocele, it might be more properly described 
as a cystic varix of one of the veins of the spermatic 
cord. 


Prostate 


Prostate 


Nodular hyperplasia (benign prostatic 
hypertrophy or hyperplasia) 


Ultrastructurally, the usual organelles are present as 
well as electron-dense granules, which yield positive 
reactions for acid phosphatase.* In many areas, there 
are small villous projections or papillary inbuddings of 
the epithelium. These glands all have a distinct base- 
ment membrane and are separated by an abundant 
fibromuscular stroma. McNeal has called attention to 
two apparently distinct glandular divisions within the 
prostate:*4 (1) the central zone, which has its apex at the 
verumontanum and its base above and behind the 
bladder neck; and (2) a peripheral zone, which lies more 
caudally and more peripheral to the central zone and 
which partially encloses the apex of the latter (Fig. 23- 
18). Microscopically the central zone acini are large and 
have irregular contours with prominent intraluminal 
projections, whereas the acini in the peripheral zone 
are small, round, and simple. The central zone, which 
forms about 25% of the glandular mass, may be derived 
embryologically from the wolffian duct. McNeal also 
defines a transitional zone, which is a small wedge of 
tissue lying immediately lateral to the lower end of the 
pre-prostatic sphincter. This sphincter, you may recall, 
is a cylindrical sheath of smooth muscle surrounding the 
urethra between the bladder above and the verumon- 
tanum below. This division of the prostate into separate 
zones has some significance in the etiology of prostatic 
diseases. Thus, benign prostatic hyperplasia almost al- 
ways begins in the transitional zone and the adjacent 
submucosal tissue of the periurethral gland region. The 
central zone seems to be immune from disease proc- 
esses, whereas the peripheral zone is the site of pros- 
tatitis and, more important, prostatic cancer. Of interest 
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Figure 23—18. Diagrams of midline sagittal section through urethra 
(A) and coronal section behind urethra of human prostate (B). P = 
pre-prostatic sphincter; S = striated sphincter of urethra and exter- 
nal sphincter; V = verumontanum or colliculus; CZ = central zone; 
PZ = peripheral zone. (From Blacklock, N. J.: Prostate cancer. 
Morphology in health and disease. Recent Results Cancer Res. 
78:22, 1981. Reproduced with permission.) 


is the finding that the peripheral zone equivalent in 
primates has significantly greater androgen receptor 
sites.” Could this and other endocrine and/or metabolic 
differences among various zones be responsible for the 
difference in disease susceptibility? Future studies will 
tell. 

The prostate is an endocrine-dependent organ. 
However, our knowledge of its endocrine relationships 
is still somewhat confused. Testicular androgens are 
clearly of prime importance in controlling prostatic 
growth since castration leads to atrophy of the prostate. 
There is some evidence that prolactin acts synergistically 
with androgens. In addition, normal prostate cells have 
cytoplasmic receptors for estrogens and progesterone, 
hinting at a possible influence of the female sex hor- 
mones. This is also suggested by the therapeutic effect 
of estrogen on the growth of prostatic cancer. It is 
beyond our scope to delve into the complexities of the 
hormonal effects and relationships in the normal prostate 
physiology; these may be found in a review by Coffey 
and Isaacs.*° 


PATHOLOGY 


The only three pathologic processes that affect the 
prostate gland with sufficient frequency to merit discus- 
sion are inflammation, benign nodular enlargement, and 
tumors. Of these three, the benign nodular enlarge- 
ments are by far the most common and occur so often 
in advanced age that they can almost be construed as a 
“normal” aging process. Prostatic carcinoma is also an 
extremely common lesion in the male and one, there- 
fore, that merits careful consideration. The inflammatory 
processes are, for the most part, of much less clinical 
significance and can be treated briefly. 


INFLAMMATIONS 


Prostatitis may be divided into nonspecific acute 
and chronic prostatitis and granulomatous prostatitis. 


NONSPECIFIC ACUTE AND CHRONIC 
PROSTATITIS 


Acute prostatitis consists of an acute focal or diffuse 
suppurative inflammation in the prostatic substance. 
The bacteria responsible are similar in type and in 
incidence to those that cause urinary tract infections 
(UTI). Thus, most cases are caused by various strains of 
E. coli. Most of the remaining infections are due to 
Klebsiella, Proteus, Pseudomonas, Enterobacter, and 
Serratia. Among gram-positive bacteria, only Entero- 
coccus is significant as a causative agent. These organ- 
isms become implanted in the prostate usually by direct 
extension from the posterior urethra or from the urinary 
bladder, but occasionally seed the prostate by the 
lymphohematogenous routes from distant foci of infec- 
tion. Invasion from the rectum has also been proposed. 
One of the most common clinical sequences encoun- 
tered is prostatitis following some surgical manipulation 
on the urethra or prostate gland itself, such as catheter- 
ization, cystoscopy, urethral dilatation, or resection pro- 
cedures on the prostate. 

Even more significant clinically than acute prosta- 
titis is chronic prostatitis, because it is frequently re- 
current and is probably the most common cause of 
relapsing UTI in men.®” Two major types of chronic 
prostatitis are recognized: chronic bacterial prostatitis 
and abacterial prostatitis, sometimes called “prostato- 
sis. These two patterns of the disease may mimic each 
other clinically, but only the bacterial variant predis- 
poses to UTI.*’ The mode of development of chronic 
bacterial prostatitis is not well understood. In a minority 
of cases it represents a sequel to acute prostatitis. In 
some cases it follows urethral or prostatic manipulation, 
sometimes without a well-defined episode of acute in- 
flammation. However, in the great majority of instances 
it appears insidiously and without obvious provocation. 
The implicated organisms are the same as those cited 
as causes of acute prostatitis. Chronic abacterial pros- 
tatitis is the most common form of prostatitis seen 
today.* Affected patients rarely have a preceding UTI 
and the causative organisms remain untracked. With 
the recognition that Ureaplasma species and Chlamydia 
trachomatis may give rise to nongonococcal urethritis 
(p. 1078), these two are considered the prime suspects 
in the causation of chronic abacterial prostatitis. 


Acute prostatitis may appear as minute, disseminated 
abscesses; as large, coalescent focal areas of necrosis; or 
as a diffuse edema, congestion, and boggy suppuration of 
the entire gland. When these reactions are fairly diffuse, 
they cause an overall soft, spongy enlargement of the gland. 

Histologically, depending on the duration and severity 
of the inflammation, there may be minimal stromal leukocytic 


infiltrate accompanied by increased elaboration of prostatic 
secretion or leukocytic infiltration within gland spaces (Fig. 
23-19). When abscess formation has occurred, focal or 
large areas of the prostatic substance may become necrotic. 
Such inflammatory reactions may totally subside and leave 
behind only some fibrous scarring. These acute reactions 
may become chronic, particularly when the excretory ducts 
are plugged and the infection continues to smolder within 
walled-off minute abscesses in the prostatic substance. 

Chronic prostatitis, when correctly diagnosed, should 
be restricted to those cases of inflammatory reaction in the 
prostate characterized by the aggregation of numerous lym- 
phocytes, plasma cells, and macrophages, as well as neu- 
trophils, within the prostatic substance. It should be pointed 
out that, in the normal aging process, aggregations of 
lymphocytes are prone to appear in the fibromuscular stroma 
of this gland. All too often, such nonspecific aggregates are 
diagnosed as chronic prostatitis, even though the patho- 
gnomonic inflammatory cells, i.e., the macrophages and 
neutrophils, are not present. 


Chronic prostatitis is a much more common con- 
dition than the acute form. Both may cause local symp- 
toms—low back pain, discomfort, dysuria, frequency, 
urgency, and prostatic enlargement and tenderness— 
but very often the chronic disease is asymptomatic. 
Their major significance derives from their seeding the 
urinary tract with organisms. Thus, any male patient 
with recurrent UTI, especially when it is caused by a 
single pathogen, must be evaluated for the possible 
presence of one of these forms of prostatic involvement. 


GRANULOMATOUS PROSTATITIS 


Two forms of granulomas are found in the prostate. 
Nonspecific granulomas may occur secondary to acute 


phils, and stroma contains a sprinkling of similar leukocytes. 
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or chronic prostatitis. In these conditions, there may be 
inspissation of secretions, followed by surrounding focal 
aggregations of neutrophils, lymphocytes, histiocytes, 
and plasma cells, enclosed within a fibroblastic prolif- 
erative response. The granuloma production is further 
augmented by the appearance of foreign body giant 
cells. These granulomas do not have caseous centers, 
nor do they contain acid-fast bacilli. They are nonspecific 
inflammatory reactions to the accumulation of inspis- 
sated secretion or necrotic tissue. An autoimmune caus- 
ation has also been postulated. 

The other pattern of granulomatous prostatitis con- 
sists of tuberculosis of the prostate that almost invariably 
follows tuberculosis of some other region of the geni- 
tourinary tract, such as renal or urinary bladder tuber- 
culosis. Less commonly, miliary spread to the prostate 
may occur from distant pulmonary tuberculosis. The 
microscopic appearance is usually dominated by exten- 
sive caseation necrosis along with the typical granu- 
lomatous reaction. In far-advanced cases, the process 
may destroy large areas of the prostate and extend into 
neighboring seminal vesicles. Considerable enlargement 
may attend such tuberculous prostatitis. 


Prostate 


BENIGN ENLARGEMENT 


NODULAR HYPERPLASIA (BENIGN PROSTATIC 
HYPERTROPHY OR HYPERPLASIA) 


Nodular hyperplasia, still referred to by the redun- 
dant term benign prostatic hyperplasia (all hyperplasias 
are benign), is an extremely common disorder in men 
over age 50. It is characterized by the formation of 
large, fairly discrete nodules in the periurethral region 
of the prostate. When sufficiently large, the nodules 
compress and narrow the urethral canal to cause partial, 
or sometimes virtually complete, obstruction of the 
urethra. 

INCIDENCE. Although reports vary slightly, a careful 
survey of the prostate in an unselected series of post- 
mortems disclosed nodular hyperplasia in approximately 
50 to 60% of men 40 to 59 years of age and in more 
than 95% of those over age 70.*° With this prevalence, 
it has been argued that nodular hyperplasia is not truly 
a disease but rather a normal aging process; this is a 
dilemma we can leave to the semanticists. Clinically 
significant nodular hyperplasia is much less prevalent. 
Not more than 5 to 10% of men with this condition 
require surgical treatment for relief of urinary tract 
obstruction; in the remainder the condition is of little 
clinical significance. For obscure reasons the disease 
appears about a decade earlier in blacks than in whites, 
and is somewhat more common in Protestants than in 
Jews and Catholics. 

EtioLoay. Although the cause of nodular hyperpla- 
sia is still uncertain, the available evidence suggests that 
both androgens and estrogens are involved in its gen- 
esis.*° Much evidence relating to the hormonal basis of 
nodular hyperplasia has been obtained in dogs, the only 
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animal species that develops prostatic hyperplasia with 
aging. Both in humans and dogs, hyperplasia of the 
prostate develops only in the presence of intact testes. 
In castrated young dogs it is possible to induce prostatic 
hyperplasia by administration of androgens, an effect 
markedly enhanced by simultaneous administration of 
17-beta-estradiol, thus pointing to possible synergism 
between androgens and estrogens. In humans as well 
as dogs, the content of dihydrotestosterone is markedly 
increased in the hyperplastic prostate. More important, 
its accumulation is selective in the periurethral region 
(where nodules arise) and within the nodules of prostatic 
hyperplasia. On the basis of these studies, it has been 
suggested that dihydrotestosterone may be the ultimate 
mediator of prostatic hyperplasia, but the events that 
lead to its accumulation are not entirely clear. Dihydro- 
testosterone within the prostate is derived from plasma 
testosterone, but there is no difference between levels 
of plasma testosterone in patients with prostatic hyper- 
plasia and in age-matched controls; indeed, plasma 
testosterone levels decline after the age of 60 years. To 
explain this apparent paradox, it has been proposed that 
dihydrotestosterone accumulation in the hyperplastic 
gland results from increased binding to intracellular 
receptors and/or decreased catabolism.** 4! In dogs, 
administration of 17-beta-estradiol enhances the expres- 
sion of cytoplasmic androgen receptors. Thus, the in- 
crease in the level of estrogens that occurs with aging 
may facilitate the accumulation of androgens within the 
prostate, even in the face of declining testicular output 
of testosterone. This hypothesis seems plausible and 
attempts to explain the role of androgens as well as the 
synergistic effects of estrogens, but formal proof is still 
lacking. ® 
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MORPHOLOGY. In the usual case of nodular enlarge- 
ment, the prostatic nodules weigh between 60 and 100 gm. 
However, not uncommonly, aggregate weights of up to 200 
gm are encountered, and even larger masses have been 
recorded. Careful studies by McNeal have demonstrated 
that nodular hyperplasia of the prostate originates almost 
exclusively in the pre-prostatic region. This area, which lies 
proximal to the verumontanum, includes the transitional zone 
described earlier, and the submucosal tissues of the peri- 
urethral gland region.* It corresponds to the “inner” peri- 
urethral portion of the classically defined middle and lateral 
lobes. From their origin in this strategic location, the nodular 
enlargements may encroach upon the lateral walls of the 
urethra to compress it to a slitlike orifice while, at the same 
time, nodular enlargement of the middle lobe may project 
up into the floor of the urethra as a hemispheric mass 
directly beneath the mucosa of the urethra (Fig. 23-20). At 
other times, the middle lobe enlargement may assume even 
a long, slender, delicate, polypoid appearance attached by 
a narrow neck; in many of these instances, it appears to act 
as a ball-valve obstruction to the mouth of the urethra. 

On cross section of the affected prostate, the nodules 
usually are fairly readily identified because of the compres- 
sion of the remainder of the prostatic tissue about the nodule 
(Fig. 23-21). As pointed out above they usually arise from 
the inner prostatic mass, and only rarely do they extend to 


Figure 23—20. Nodular prostatic hyperplasia. Prostatic urethra and 
urinary bladder have been opened anteriorly to disclose enlarged 
prostatic gland that narrows urethral lumen to a slit (small arrow). 
Note evident nodularity within prostatic gland (large arrow). Urinary 
bladder is enlarged with hypertrophy of wall. 
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Figure 23—21. Nodular hyperplasia of prostate. Cut surface shows 
well-defined nodules of various sizes. (Courtesy of Dr. Fred Silva, 
Department of Pathology, University of Texas Health Science Cen- 
ter, Dallas.) 


the outer perimeter of the gland. The nodule itself varies in 
color and consistency, depending, as will be shown, on 
whether it is primarily due to fibromuscular stromal hypertro- 
phy and hyperplasia or to glandular proliferation. In those 
that are primarily glandular, the tissue has a yellow-pink soft 
consistency, which is fairly discretely demarcated from the 
more gray, glistening, firm, compressed prostatic capsule. 
Usually a milky-white prostatic fluid oozes out of these areas. 
In those primarily due to fibromuscular involvement, the 
nodule itself is also pale gray, tough, and fibrous; does not 
exude fluid; and is less clearly demarcated from the sur- 
rounding prostatic capsule. 

Although the nodules do not have true capsules in the 
sense that benign neoplasms are encapsulated, the com- 
pressed surrounding prostatic tissue creates a plane of 
cleavage about them, utilized by the surgeon in the enuclea- 
tion of prostatic masses in so-called suprapubic prostatec- 
tomies. A considerable amount of prostatic tissue remains 
behind so that, at a later date, it is entirely possible for 
recurrent nodules to develop or for the patient to develop a 
carcinoma. 

Microscopically, there are many patterns of nodular 
hyperplasia. Ultimately, all are differentiated on the basis 
of whether the nodularity is due mainly to glandular prolif- 
eration or dilatation, or to fibrous or muscular proliferation of 
the stroma. All three elements are involved in almost every 
case although, in individual instances, one may predominate 
over the others. Usually the epithelial element predominates, 
and it takes the form of aggregations of small to large to 
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cystically dilated glands, lined by two layers, an inner col- 
umnar and an outer cuboidal or flattened epithelium, based 
on an intact basement membrane (Fig. 23-22). The epithe- 
lium is characteristically thrown up into numerous papillary 
buds and infoldings, which are more prominent than in the 
normal prostate. 

In certain cases, many small glands are formed that 
may simulate the pattern of adenocarcinoma. Usually the 
glandular size is sufficiently large to be visible on hand lens 
inspection of the tissue section. Frequently these glands 
contain inspissated secretion, granular desquamated epithe- 
lial cells, and numerous corpora amylacea. When the fibro- 
muscular hypertrophy or hyperplasia predominates, it may 
produce aggregates of almost solid spindle cells, free of 
glands, that have sometimes been designated fibrobroma- 
tous hyperplasia or leiomyomatous hyperplasia of the 
prostate. However, such differentiation is probably not clin- 
ically useful. Not infrequently, aggregates of lymphocytes 
are found within the stroma, probably related to senile 
atrophic death of cells. Two other histologic changes are 
frequently found: (1) foci of squamous metaplasia and (2) 
small areas of infarction. The former tend to occur in the 
margins of the foci of infarction as nests of metaplastic, but 
orderly, squamous cells. 


Prostate 


CLINICAL Course. Although nodular enlargement 
is an extremely common condition, it has been pointed 
out already that in only a small percentage of those 


Figure 23—22. Nodular hyperplasia of prostate. A, Low-power view shows proliferation of glands, 
some cystically dilated, with formation of nodules. (Courtesy of Dr. Fred Silva, Department of 
Pathology, University of Texas Health Science Center, Dallas.) B, High-power view shows hyperplastic 
glands with single epithelial layer, thrown into small papillary folds. 
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affected does the lesion produce clinical symptoms. 
Symptoms, when produced, relate to two secondary 
effects: (1) compression of the urethra with difficulty in 
urination; and (2) retention of urine in the bladder with 
subsequent distention and hypertrophy of the bladder, 
infection of the urine, and the development of cystitis 
and renal infections. 

These patients have frequency, nocturia, difficulty 
in starting and stopping the stream of urine, overflow 
dribbling, and dysuria (painful micturition). In many 
cases, sudden, acute urinary retention appears for un- 
known reasons and persists until the patient receives 
emergency catheterization. In addition to these difficul- 
ties in urination, prostatic enlargement results in the 
inability to empty the bladder completely. Presumably 
this is due to the raised level of the urethral floor so 
that, at the conclusion of micturition, a considerable 
amount of residual urine is left. This residual urine 
provides a static fluid that is vulnerable to infection. On 
this basis, catheterization or surgical manipulation pro- 
vides a real danger of the introduction of organisms and 
development of pyelonephritis. 

Many secondary changes occur in the bladder, such 
as hypertrophy, trabeculation, and diverticulum forma- 
tion (p. 1067). Hydronephrosis or acute retention, with 
secondary UTI and even azotemia or uremia, may 
develop. 

Finally, it should be noted that controversy persists 
as to whether nodular hyperplasia predisposes to cancer 
of the prostate. Most studies deny any association. On 
the other hand, occasional reports suggest a higher than 
anticipated incidence of prostatic cancer in men with 
nodular hyperplasia.“ It is impossible to reconcile these 
differences and the issue must be left with the opinion 
that the weight of evidence is against any causal rela- 
tionship. 


TUMORS 
CARCINOMA 


Carcinoma of the prostate is the second most com- 
mon form of cancer in males and the third leading cause 
of cancer death. In addition to these lethal neoplasms, 
there is an even more frequent anatomic form of pros- 
tatic cancer in which the cancer is discovered as an 
incidental finding, either at postmortem examination or 
in a surgical specimen removed for other reasons, e.g., 
nodular hyperplasia. In almost all these instances, the 
lesions are small and sometimes comprise only micro- 
scopic foci. This form is sometimes called latent cancer. 
It has always been assumed, without proof, that these 
small lesions would in time become clinically significant, 
but, as discussed later, there is still some uncertainty 
about their natural history. 

INCIDENCE. Cancer of the prostate is a disease of 
men over 50. The age-adjusted incidence in the United 
States is 69 per 100,000. Much more revealing, how- 
ever, are the age-specific rates, which are 4.8 in the 45- 


to 49-year age group, but increase to a staggering 513 
between the ages of 70 and 75.* The prevalence of 
latent prostatic cancer is even higher. In one series, 
approximately 30% of all the prostates removed at 
autopsy harbored a latent carcinoma. *° 

There are some remarkable and puzzling national 
and racial differences in the prevalence of this disease. 
Prostatic cancer is extremely rare in Orientals. The 
prevalence rate among Japanese is in the range of three 
to four, and for the Chinese in Hong Kong only one, as 
compared with a rate of 50 to 60 among whites in the 
U.S. The disease is even more prevalent among blacks, 
and indeed U.S. blacks not only have a markedly higher 
age-adjusted death rate from prostatic cancer than the 
white male population of the U.S. but also the highest 
rate among 24 countries having reasonably accurate 
mortality data.*”7 Whites, in contrast, ranked fifteenth in 
the order. These differences are thought to be due to 
environmental influences, since in Japanese migrants to 
the U.S. the incidence of the disease seems to have 
risen, but not nearly to the level of that of native-born 
Americans.*° 

ETIOLOGY. Little is known about the causes of 
prostatic cancer. It is conventional to speak about three 
major factors—age, race, and the endocrine system. * 
To this triad a fourth might be added: environmental 
influences. The association of this form of cancer with 
advancing age and the enigmatic differences among race 
has already been mentioned. Could these be related to 
environmental influences? The tendency for the inci- 
dence of this disease to rise among those enjoying a 
low-incidence rate when they migrate to a high-inci- 
dence locale is consistent with environmental influ- 
ences, but if such influences exist, they remain, with 
one exception, unidentified. It has been noted that 
workers in cadmium industries have an increased inci- 
dence of this disease. 

The role of the endocrine system in the induction 
of prostatic cancer is also poorly understood, but one 
observation has been well established since the pioneer 
work of Huggins and Hodges.” The growth of metastatic 
prostatic cancer in men can usually be arrested or 
retarded for a time by castration, the administration of 
estrogens, or both. This leads to the assumption that 
androgens play a causal role. It has been impossible to 
document this hypothesis, however, and many studies 
have failed to establish a causal relationship between 
steroid hormone levels—estrogens, androgens, or ad- 
renal steroids—in the blood or urine and the develop- 
ment of prostatic cancer.*! It seems more likely that the 
role of hormones in the evolution of this tumor is 
essentially permissive. It could be that androgens are 
required for the maintenance of the prostatic epithe- 
lium, so that enough potential target cells for as yet 
undefined carcinogens exist. 

As mentioned previously, the role of nodular hy- 
perplasia of the prostate as a precursor is still in dispute, 
but most experts do not believe that this benign lesion 
has any relationship to the development of cancer.®* 
Any concurrence of the two conditions could be a 


reflection of the prevalence of both diseases in aging 
men. 


MORPHOLOGY. Carcinoma of the prostate arises in all 
but rare instances in the peripheral zone.* Areas of “atypical 
hyperplasia” that may be forerunners of prostatic cancer are 
also frequent in this zone. The origin may be multifocal but, 
by the time most lesions are discovered, the multiple foci 
have coalesced into a poorly delimited cohesive area of 
cancer (Fig. 23-23). Characteristically, on cross section of 
the prostate, the neoplastic tissue is gritty and firm, but 
when embedded within the prostatic substance it may 
be extremely difficult to visualize and be more readily 
apparent on palpation. It should be noted, however, that 
uncommonly prostatic cancers are not hard, particularly 
those lesions that do not evoke a stromal proliferative 
reaction. The tumor tissue is usually somewhat yellower 
than the surrounding tissues and is therefore distinctive, but 
at other times it is gray-white and therefore blends imper- 
ceptibly into the background. Only when the tumor invades 
the prostatic capsule, or has extended beyond the confines 
of the prostate to invade the seminal vesicles or the adjacent 
rectum or bladder, can it be unmistakably identified on gross 
inspection. Such extraprostatic extension ultimately occurs 
in almost all advanced, biologically aggressive lesions. In 
time, most prostatic cancers metastasize. Dissemination 
occurs via both lymphatics and bloodstream. Hematogenous 
spread occurs chiefly to the bones, particularly the vertebrae, 
but some lesions spread widely to viscera. Massive visceral 
dissemination is exceptional rather than the rule. The bony 


Figure 23—23. Carcinoma of prostate. Carcinomatous tissue cannot 
be distinguished within prostate itself but has invaded floor of urethra 
and infiltrated into vesicle neck. 
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metastases may be osteolytic, but osteoblastic lesions are 
common and in males point strongly to prostatic cancer. 
Lymphatic spread occurs initially to the obturator nodes 
followed by hypogastric, iliac, presacral, and para-aortic 
nodes. Only recently has it been appreciated that lymph 
node spread occurs frequently and may precede spread to 
the bones. As we shall discuss later, metastases to the 
lymph nodes in apparently localized prostatic cancer have a 
significant impact on the prognosis. 

Histologically most lesions are adenocarcinomas that 
produce well-defined, readily demonstrable gland patterns. 
In well-differentiated tumors the glands are either small or 
medium-sized with a single uniform layer of cuboidal or low 
columnar epithelium. Occasionally the glands are somewhat 
larger with a papillary or cribriform pattern. The cytoplasm 
of the tumor cells is pale and often granular, and the nuclei 
are round or oval and vesicular. Mitotic figures are extremely 
uncommon. When well-differentiated tumors occur in sharply 
delimited rounded masses, they have to be distinguished 
from nodular hyperplasia. In general, malignant acini are 
smaller and closely spaced, with little intervening stroma, 
and are lined by a single layer of cells. However, not all 
prostatic cancers are well differentiated. In some poorly 
differentiated tumors the glandular pattern is apparent only 
on careful examination; the tumor cells in such cases tend 
to grow in cords, nests, or sheets. Concomitantly, the cells 
display obvious cytologic features of malignancy with prom- 
inent acidophilic nucleoli and increased mitotic activity. 
Stromal production may be scant or quite extensive in certain 
lesions, producing a scirrhous-like consistency to the neo- 
plasm. 

The frequent uniformity of cells and lack of anaplasia 
contribute to the histologic difficulties of diagnosing carci- 
nomas of the prostate. The most reliable hallmarks of 
malignancy are clear evidence of invasion of the capsule 
with its lymphatic and vascular channels and/or perineurial 
invasion (Fig. 23-24). The perineurial spaces, which are 
involved in most cases, are not lined by endothelium and 
they do not represent lymphatics, as formerly believed. 

Epidermoid carcinoma, adenoid cystic carcinoma, and 
transitional cell carcinoma are rare forms of prostatic cancer. 


Prostate 


GRADING AND STAGING. Carcinomas of the prostate, 
like most other forms of cancer, are graded and staged. 
Regrettably, several systems have been described, of 
which four are commonly used in the United States.” 
A discussion of all is beyond our scope. Suffice it to say 
that all grading systems attempt to define histologic 
criteria by which tumors of differing biologic behavior 
(metastatic potential, response to treatment, and sur- 
vival) can be segregated. For example, the Gleason 
system is based on the degree of glandular differentia- 
tion and growth pattern of tumor in relation to the 
stroma. Well-differentiated tumors are assigned to 
Grade 1, whereas the most poorly differentiated tumors 
are classed as Grade 5. In the Gaeta system, on the 
other hand, only four grades are recognized on the basis 
of glandular differentiation as well as nuclear cytology. 
Grading is of particular importance in prostatic cancer 
since there is in general an excellent correlation between 
the prognosis and the degree of differentiation. Not 
surprisingly, therefore, there is also a good correlation 
between histologic grading and clinical staging.™ 
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Figure 23—24. Carcinoma of prostate. Cords of tumor cells permeate 
stroma. Perineurial invasion is present (arrow) 


Staging of prostatic cancer is very important in the 
selection of the appropriate form of therapy and in 
establishing a prognosis. Inevitably, two systems exist. 
The one proposed by the American Joint Committee is 
most widely used in the U.S. and is described below.™ 
The other, proposed by the International Union Against 
Cancer (UICC), follows the TNM format.® The staging 
classification adopted by the American Joint Committee 
in its simplest form divides prostatic carcinoma into four 
clinical stages with subdivisions as follows: 

Stage A. Latent cancer 

A,: Focal 

A,: Diffuse 

Stage B. Tumor confined to the prostate 

B,: Lesion 1.5 cm in diameter or smaller, in one 
lobe 

B,: Tumor exceeds 1.5 cm in diameter or involves 
more than one lobe, not extending beyond the capsule 

Stage C. Extracapsular extension, no nodal or dis- 
tant metastases 

C,: No involvement of seminal vesicles; less than 
70 gm 

C,: Involvement of seminal vesicles; greater than 
70 gm 

Stage D. Metastatic disease 

D,: Pelvic lymph node metastases or ureteral ob- 
struction with hydronephrosis 

D,: Distant lymph node, bony or visceral metas- 
tases. 

This staging classification, based solely on clinical 
features, has some obvious limitations. For example, 


many patients in Stages B and C have lymph node 
metastases that are discovered only during surgery or 
subsequent histologic examination. This is particularly 
relevant since nodal involvement is an important prog- 
nostic indicator.*° Several radiologic techniques includ- 
ing lymphography and nuclear imaging can be employed 
to visualize the draining lymph nodes, ‘but their utility 
in detecting microscopic metastases is limited. Even 
with these limitations, the current schema of staging 
provides a good estimate of prognosis and can be used 
as a guide for therapy. 

CLINICAL COURSE. Approximately 30% of males 
over age 50 harbor Stage A cancer of the prostate.” 
These latent cancers are asymptomatic and are discov- 
ered incidentally at autopsy or in tissue removed for 
nodular hyperplasia of the prostate. The long-term 
significance of these lesions is still not entirely clear. It 
is generally accepted that most Stage A lesions (60 to 
90%) will not progress to produce clinically manifest 
disease, but 10 to 40% of patients will eventually 
progress to develop extensive local or metastatic dis- 
ease.°” °° Two subgroups have been proposed to distin- 
guish between the clearly innocent (A,) and potentially 
malignant (A,) form of latent prostatic carcinoma. In 
making this distinction, both the extent (volume) and 
the histologic grade of the tumor are considered helpful. 
However, none of the criteria described for distinguish- 
ing A, and A, lesions have been tested extensively.*’ 

About 5 to 10% of patients with overt prostatic 
cancer are discovered in Stage B. These patients do not 
have urinary symptoms and the lesion is discovered by 
the finding of a suspicious nodule on rectal examination. 
You recall that most prostatic cancers arise in a subcap- 
sular location removed from the urethra and, therefore, 
urinary symptoms occur late. Most of these lesions are 
destined to progress unless eradicated by surgery or 
radiation. Although theoretically all these lesions are 
totally resectable, all patients are not cured. When 
treated by radical prostatectomy, patients with Stage B, 
disease are estimated to have an 85 to 90% five-year 
survival rate and 50% 15-year survival, whereas patients 
with Stage B, have a five- and 15-year survival of 20 
and 1%, respectively.® It is estimated that up to 45% 
of patients classified in Stage B have microscopic me- 
tastases to the lymph nodes. As discussed earlier (p. 
1105), lymph node metastases occur early and may 
precede bone metastases. Since lymphatic spread has 
an impact on both treatment and survival, some authors 
recommend extensive bilateral pelvic lymphadenectomy 
for more accurate surgical staging.™ 

Over 75% of patients with prostatic cancer present 
with Stages C or D. They come to clinical attention 
usually because of urinary symptoms such as difficulty 
in starting or stopping the stream, dysuria, frequency, 
or hematuria. Pain is a late finding reflecting involve- 
ment of capsular perineurial spaces. Some patients in 
Stage D come to attention because of back pain caused 
by vertebral metastases. The finding of osteoblastic 
metastases in bone is virtually diagnostic of this form of 
cancer in males (Fig. 23-25). The outlook for these 


Figure 23-25. Metastatic osteoblastic prostatic carcinoma within 
vertebral bodies. 


patients is bleak. Examination of lymph nodes in clinical 
Stage C shows metastases in 40 to 80% of cases. In 
keeping with this finding, the ten-year survival rate is 
a dismal 36%. Disseminated prostatic carcinoma (Stage 
D) is clearly not amenable to surgery. Such cases are 
treated by orchidectomy and administration of estro- 
gens. Less than 20% of patients survive five years and 
only a rare individual survives ten years. Death in these 
advanced cases is usually attributable to encroachment 
on the ureters, with resultant kidney disease, or to 
visceral and bone metastases. 

Careful rectal digital examination is a very useful 
and direct method for detection of early prostatic car- 
cinoma, since the posterior location of most tumors 
renders them easily palpable. A transperineal or trans- 
rectal biopsy can confirm the diagnosis. Other diagnostic 
approaches include cytologic examination of prostatic 
secretions, or detection of bony metastases by x-rays or 
by scintillation bone scanning, which is much more 
sensitive. Both the normal and malignant prostatic epi- 
thelium produce acid-phosphatase, which can be de- 
tected in the serum. With the standard assay, elevations 
in serum enzyme levels are found only with cancer that 
has extended beyond the capsule or has metastasized, 
or both. However, the traditional biochemical assay 
does not distinguish between the phosphatase isoen- 
zymes of prostatic origin and those originating from 
nonprostatic tissue such as blood cells, liver, and spleen. 
Despite improvements in sensitivity and specificity 
(e.g., tartrate inhibition), the great preponderance of 
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cases do not yield positive results until they are incur- 
able. Since prostatic acid phosphatase is antigenically 
distinct from nonprostatic acid phosphatase, sensitive 
radioimmunoassays for prostatic acid phosphatase have 
been developed.® One report suggested that over 50% 
of patients with localized (intracapsular) prostatic cancer 
showed elevated levels of prostatic acid phosphatase if 
a radioimmunoassay was used. Others doubt the utility 
of this assay in the diagnosis of localized prostatic 
cancer.™ At the present the value of radioimmunoassay 
for prostatic acid phosphatase in the diagnosis of early 
localized (Stages A and B) prostatic cancer has not been 
fully established. Several newer screening and diagnos- 
tic tests, including the detection of a prostate tissue— 
specific antigen, are being currently evaluated.~ The 
presence of prostate-specific antigen in metastases is 
very useful histologically in establishing prostatic origin. 
Significant progress in the treatment of this common 
cancer in men will depend heavily on our ability to 
detect the lesions in their earliest, curable stages. 
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FEMALE GENITAL TRACT 


NORMAL 


EmBRYOLOGY. The many congenital anomalies of 
the female genital tract can be understood only from 
the standpoint of the embryology of this system. At 
about the sixth week of fetal development, invagination 
of the coelomic lining epithelium creates a groove whose 
lips later fuse to form the lateral miillerian (or parames- 
onephric) ducts. Millerian ducts first become apparent 
high on the dorsal wall of the coelomic cavity and then 
progressively grow caudally to enter the pelvis where 
they swing medially to fuse. Further caudal growth 
brings these fused ducts into contact with the urogenital 
sinus. With relatively uncomplicated transformations, 
the unfused portions mature into the fallopian tubes, 
and the fused caudal portion into the uterus and the 
vagina. The upper portion of the vagina is generally 
held to be of miillerian origin, and the lower portion is 
probably derived from the urogenital sinus. It is appar- 
ent that the entire lining of the uterus and tubes is 
derived from coelomic epithelium. The embryogenesis 
here serves to explain the origin of such congenital 
anomalies as a bicornuate or totally septate uterus and 
a septate or double vagina. It also serves to explain the 
various histologic patterns of those ovarian tumors de- 
rived from coelomic epithelium, as we shall see. 

Parallel to the miillerian ducts are the paired wolf- 
fian (or mesonephric) ducts, which in the male are 
destined to form the epididymis and the vas deferens. 
Normally, the mesonephric duct regresses in the female. 
Remnants, however, may persist into adult life as epi- 
thelial inclusions about the hilus of the ovary and 
mesosalpinx, designated respectively the epoophoron 
and paroophoron. If the caudal portions of this meso- 
nephric anlage persist, they may appear as epithelial 
inclusions within the wall of the lower uterine segment 
and cervix and as epithelial rests in the lateral walls of 
the vagina. Sometimes in the vagina these rests produce 
cysts that are known as Gartner’s duct cysts. 

The ovary, like the testis, arises from a medial 
proliferation of the urogenital ridge specified as the 
genital ridge. At six weeks of fetal development, this 
sexless gonad has three components: a covering of 
differentiated coelomic lining epithelium, previously in- 
correctly designated as “germinal epithelium;” an un- 
derlying undifferentiated stroma (the mesenchyme); and 
primitive germ cells. Differentiation of the ovarian mes- 
enchyme provides an origin for theca cells, and probably 
also for the granulosa cells of the follicle. It is generally 
believed that the germ cells are set aside as totipotential 
gametes in the earliest stage of formation of the embry- 
onic disc. As the embryo develops, they migrate or are 
carried into the primitive mesenchyme destined to 
become the ovary. It is of interest that these divide 
during the first half of fetal development to reach a 
maximum number of 6 to 7 million, but subsequently 
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some regress; thus, at birth approximately 1 to 2 million 
oocytes remain. None are formed after the fifth month 
of fetal development and, indeed, there is a progressive 
loss so that at puberty the number has dwindled into 
the hundreds of thousands, still more than needed to 
provide 12 per year during the woman’s active repro- 
ductive life. 

Certain details of the embryogenesis of the ovary 
assume importance in the histogenesis of ovarian tu- 
mors. The coelomic epithelium or inclusions of coelomic 
epithelium within the inner mesenchyme may be the 
cytologic origin of some of the epithelial cysts, cystad- 
enomas, and carcinomas of the ovary. The concept that 
the mesenchyme may differentiate into both granulosal 
and thecal elements provides a reasonable origin for 
neoplasms such as the granulosa cell tumors and Sertoli- 
Leydig cell tumors, which synthesize estrogens, andro- 
gens, or both, and which span a morphologic range of 
epithelial and stromal patterns. The germ cell is the 
third type of cell giving rise to distinctive ovarian 
tumors. 

MEASUREMENTS. Certain normal dimensions of the 
female genital tract are of value, since so much impor- 
tance attaches to various diseases that cause enlargement 
of the ovaries and uterus. During active reproductive 
life, the ovaries measure about 4 cm in length, 2.5 to 3 
cm in width, and 1 to 1.5 cm in thickness. It should be 
emphasized that in ovaries removed in the course of 
surgical procedures on the pelvic organs, small follicle 
cysts, to be described presently, are found so commonly 
as to represent virtually normal anatomic features. Post- 
menopausally the ovaries atrophy to wrinkled nodules 
2.0 X 1.0 X 0.5 cm or smaller. 

The uterus varies in size, depending on the age 
and parity of the individual. During active reproductive 
life, it weighs about 50 gm and measures 8 cm in length, 
5 to 6.5 cm in breadth in the fundic region, and 3 cm 
in thickness (1.5 cm of anterior and posterior myomet- 
rium). Pregnancies may leave small residual increases 
in these dimensions (up to 70 gm in weight) since the 
uterus rarely involutes completely to its original size. 
Postmenopausally, the atrophic changes may cause dim- 
inution to 5 to 6 cm in length, 3 cm in width, and 1.5 
to 2 cm in thickness. 

HISTOLOGY. The ovary is divided into a cortex and 
a medulla. Ordinarily, the cortex comprises a layer of 
closely packed spindle cells that resemble plump fibro- 
blasts separated by only a scant intercellular ground 
substance. The very outermost portion directly beneath 
the surface epithelium is compacted into a thin layer of 
relatively acellular collagenous connective tissue. Thick- 
ening of this layer may accompany ovarian dysfunction 
(p. 1142). By puberty, follicles and ova in varying stages 
of maturation are found within the outer cortex. Corpora 
lutea of varying ages as well as nodules of collagenous 
connective tissue, the corpora albicantia, are also pres- 
ent in the cortex of the adult. 
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The medulla of the ovary is made up of a more 
loosely arranged mesenchymal tissue. Occasionally, 
large, round-to-polygonal, epithelial-appearing cells are 
buried within the medulla in the hilar region. These 
“hilus” cells, presumed to be vestigial remains of the 
gonad from its primitive “ambisexual’ phase, are steroid 
producing, and thus resemble the interstitial cells of the 
testis. Rarely, these cells give rise to masculinizing 
tumors. 

In the fallopian tube, the mucosa is thrown up into 
numerous high, delicate folds that on cross section 
produce a papillary appearance. In the normal, these 
mucosal folds are not interadherent, and hence the folds 
form deep crypts. In the absence of fusion of these 
folds, na sequestered, buried, cystic, or follicle-like 
spaces are found. When glandlike or cystic patterns are 
produced, it can be assumed that inflammatory fusion 
of adjacent folds has occurred. The lining epithelium of 
the tube is made up of three cell types: ciliated columnar 
cells; nonciliated, columnar, secretory cells; and so- 
called intercalated cells that may simply represent in- 
active secretory cells. 

The uterus has three distinctive anatomic and func- 
tional regions: the cervix, the lower uterine segment, 
and the corpus. The cervix is further divided into the 
vaginal portio and the endocervix (Fig. 24-1). The 
anatomic portio is that portion of the cervix visible to 
the eye on vaginal examination. It is covered by a 
stratified squamous nonkeratinizing epithelium reflected 
off the vaginal vaults onto the cervix. This squamous 
epithelium covers the entire anatomic portio and ex- 
tends more or less up to the central dimple that com- 
prises the external os. In the normal cervix of nulliparous 
women, this os is virtually closed. The endocervix is 
normally not exposed and is lined by columnar, mucus- 
secreting epithelium that dips down into the underlying 
stroma to produce crypts sometimes designated as en- 
docervical glands. 


“Original’’ squamocolumnar 
junction 


Endocervical eversion (ectopy) 
with “‘original’’ squamocolumnar 
junction 


The squamocolumnar junction is of considerable 
importance, since most cervical carcinomas arise at this 
site. The position of the junction is variable. The original 
anatomic junction is at the cervical os (Fig. 24-1, left). 
However, in virtually all adult women who have borne 
children, the columnar endocervical epithelium mi- 
grates downward from the cervical os and thus is visible 
to the naked eye. This is referred to as an ectropion or 
eversion (Fig. 24-1, middle). An ectropion appears red 
or pink on visual examination and is thus called an 
erosion, which is a misnomer since the mucosal layer is 
actually intact. Ectropions become gradually reepithe- 
lialized by squamous epithelium (squamous metaplasia 
or prosoplasia), producing the so-called transformation 
or transition zone (Fig. 24-1, right); in postmenopausal 
women, this zone is high, above the external os, and 
thus this critical area is not visible to the naked eye. As 
we Shall see, it is this transformation zone that must be 
biopsied to exclude carcinoma or precancerous lesions. 

The lower uterine segment has no clear delimita- 
tion. It is lined by columnar, mucus-secreting epithe- 
lium that progressively becomes transformed to non— 
mucus-secreting epithelium resembling the basal rest- 
ing glands of the endometrium. It does not participate 
in the cyclic changes of the functional endometrium; 
hence, failure to recognize lower uterine segment mu- 
cosa in curettings leads to erroneous impressions that 
the endometrium is nonfunctional. 

ENDOMETRIAL HISTOLOGY AND MENSTRUAL CYCLE. 
The endometrial changes that occur during the men- 
strual cycle are keyed to the rise and fall in the levels 
of ovarian hormones, and the student should be familiar 
with the complex but fascinating interactions among 
hypothalamic, pituitary, and ovatian factors underlying 
maturation of ovarian follicles, ovulation, and the men- 
strual cycle. Suffice it to say that under the influence of 
the pituitary follicle stimulating and luteotropic hor- 
mones (FSH and LH), development and ripening of a 


Transformation zone 


with ‘functional’ 
squamocolumnar junction 


Figure 24—1. Schematic representation of “original” and “functional” squamocolumnar junctions and 
three basic types of portios. Left, Diagram of a portio completely covered with native squamous 
epithelium. Squamocolumnar junction is at external os. Middle, Denotes an endocervical eversion, 
with squamocolumnar junction located on exocervix below external os. Right, Indicates areas of 
eversion covered with squamous epithelium. This area is the cervical transformation zone. New or 


“functional” squamocolumnar junction of transformation zone is at external os. S = 


squamous 


epithelium; C = endocervical columnar epithelium; | = uterine isthmus. (From Blaustein, A. (ed.): 
Anatomy and histology of the cervix. In Pathology of the Female Genital Tract. 2nd ed. New York, 
Springer-Verlag, 1982. Reproduced with permission.) 
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GLAND MITOSES 
GLAND MITOSES INOICATE PROLIFERATION. THEY 
OCCUR DURING MENSTRUATION BECAUSE REPAIR 
AND BREAKDOWN ARE PROGRESSING SIMULTANE- 
OUSLY. 


TORTUOSITY OF GLANDS 
GLANO DEVELOPMENT PARALLELS ENDOMETRIAL 
THICKNESS. IT HAS 2 PHASES, THE EARLIEST 
STIMULATED BY ESTROGEN. DURING SECRETORY 
PHASE, TORTUOSITY BECOMES PRONOUNCED, 
PARALLELING THE SECRETION CURVE. 


PSEUDOSTRATIFICATION OF NUCLEI 
THIS IS CHARACTERISTIC OF THE PROLIFERATIVE 
PHASE BUT PERSISTS UNTIL ACTIVE SECRETION 
BEGINS. 


BASAL VACUOLATION 
THIS IS THE EARLIEST MORPHOLOGICAL EVIDENCE 
OF OVULATION FOUND IN THE ENDOMETRIUM. 
IT BEGINS APPROXIMATELY 36 TO 48 HOURS 
FOLLOWING OVULATION. 


SECRETION 
THIS CURVE REPRESENTS VISIBLE SECRETION IN 
THE GLAND LUMEN; ACTIVE SECRETION FALLS OFF 
MORE ABRUPTLY. IN THE LATER STAGES THE 
SECRETION BECOMES INSPISSATED. 


STROMAL EDEMA 
EDEMA VARIES WITH THE INDIVIDUAL, PARTICULARLY 
THE RISE DURING PROLIFERATION WHICH MAY BE 
ALMOST ABSENT. THE EDEMA WHICH ACCOMPANIES 
SECRETION IS MORE CONSTANT. 


PREDECIOUAL REACTION 
THIS 1S EVIDENT FIRST AROUND THE ARTERIOLES 
AND PROGRESSES UNTIL JUST BEFORE MENSTRU- 
ATION. A SUPERFICIAL COMPACT LAYER IS 
FORMED BEGINNING ON DAY 11 POSTOVULATION. 


LEUCOCYTIC INFILTRATION 
THROUGHOUT THE CYCLE THERE ARE ALWAYS 
A FEW LYMPHOCYTES. NEUTROPHIL INFILTRATION 
BEGINS ABOUT TWO DAYS BEFORE THE ONSET OF 
FLOW. 


Figure 24~2. Approximate quantitative changes in eight morphologic criteria found to be most useful 
in dating human endometrium. (From Noyes, R. W.: Normal phases of the endometrium. /n Norris, 


H. J., et al. (eds.): The Uterus. Baltimore, Williams & Wilkins Co., 


Williams & Wilkins Company, Baltimore.) 


single ovum occurs, and estrogen production by the 
enlarging ovarian follicle progressively rises during the 
first two weeks of the classic 28-day menstrual cycle. It 
reaches a peak, presumably just before ovulation, and 
then falls. Following ovulation, the estrogen levels again 
begin to rise to a plateau at about the end of the third 
week, but these levels are never as high as the preov- 
ulatory peak. The level of this hormone then progres- 
sively falls, beginning three to four days before the 
onset of menstruation. Progesterone, produced by the 
corpus luteum, rises throughout the last half of the 
menstrual cycle to fall to basal levels just before the 
onset of menstrual bleeding. By some poorly understood 
mechanism involving prostaglandins, vasospasm of the 
spiral arterioles of the endometrium leads to endome- 
trial necrosis and consequent menstrual bleeding. 

We can begin describing the endometrial changes 
with the shedding of the upper one-half to two-thirds 
of the endometrium during the menstrual period (Fig. 
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24-2). The basal third does not respond to the ovarian 
steroids and is retained at the conclusion of the men- 
strual flow. From this basal third the surface epithelium 
is regenerated during the first half of the menstrual 
cycle. During this preovulatory proliferative phase of 
the cycle, there is extremely rapid growth of both glands 
and stroma. The glands are straight, tubular structures 
lined by quite regular, tall, columnar cells. The nuclei 
in these cells are not aligned, mitotic figures are nu- 
merous, and there is no evidence of mucous secretion 
or vacuolation. The gland lumina are relatively tubular 
and devoid of secretion (Fig. 24-3). The endometrial 
stroma is composed of thickly compacted spindle cells 
that have very scant cytoplasm but abundant mitotic 
activity. Although one can readily identify a proliferative 
endometrium, there are no characteristic cell or archi- 
tectural changes that permit precise dating of this phase 
of the menstrual cycle. The height of glands isan 
unreliable criterion. 
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At the time of ovulation, under the combined 
influence of estrogen and progesterone, the endome- 
trium slows in its growth and ceases apparent mitotic 
activity within days immediately following ovulation. 
The postovulatory endometrium is marked by basal 
secretory vacuoles beneath the nuclei in the glandular 
epithelium (Fig. 24-4). The secretory activity becomes 
more prominent during the third week of the menstrual 
cycle, and the basal vacuoles appear to push past the 
nuclei to appear above and below the nuclei, which are 
thus aligned at midpoint in the cell. Although glandular 
proliferation ceases during the secretory phase, there is 
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marked secretory activity. When secretion is maximal, 
between 18 and 24 days, the glands are dilated. Tor- 
tuosity of the glands, which is well developed by the 
fourth week, produces a serrate margin to the glands 
when cut in their long axis (Fig. 24-5). During the last 
week of the cycle, rupture of some of the columnar 
epithelial cells releases secretion into the gland lumina. 
The cells thus emptied, the glands begin to shrink, 
becoming narrower and “saw-toothed’—an appearance 
referred to as secretory exhaustion. The stroma between 
the glands becomes edematous, and the spiral arterioles 
become more prominent. There is now a considerable 


Figure 24-3. Normal proliferative endometrium, illus- 
trating tubelike pattern of glands. 

Figure 24—4. Postovulatory endometrium with promi- 
nent subnuclear vacuoles and alignment of nuclei. 
Figure 24-5. Late secretory endometrium with tor- 
tuosity of glands, producing serrate margins. 


(All three figures courtesy of Dr. Arthur Hertig.) 


Fig. 24-5 
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increase in ground substance and edema between the 
stromal cells. In the nonpregnant state, three to four 
days before the menstrual flow, the stromal cells become 
hypertrophied and accumulate a considerable amount 
of pink cytoplasm to produce so-called predecidual 
changes. The escape of blood into the stroma marks the 
beginning of menstrual shedding. This stromal bleeding 
is apparently initiated by necrosis and rupture of the 
walls of the spiral arterioles. In the premenstrual and 
menstrual phases, the endometrial stroma contains scat- 
tered neutrophils and occasional lymphocytes. The nor- 
mal presence of such leukocytes is to be particularly 
noted since these white cells are ordinarily considered 
to be indicators of an inflammatory reaction. 

The proliferative phase should therefore be readily 
differentiated from the secretory phase. The hallmark 
of the proliferative phase is mitotic activity in glandular 
and stromal cells. Ovulation should be fairly well de- 
noted by the basal vacuolation of the columnar epithelial 
cells of the glands. When ovulation fails to occur, there 
is no secretory vacuolation in the endometrial glands, 


Congenital Anomalies 

inflammations 
Pelvic inflammatory disease (PID) 
Bartholin's adenitls and Bartholin’s cyst 
Miscellaneous Infections 


Vulvar Dystrophies 


atypia) 


Diseases of the vulva in the aggregate comprise 
only a small fraction of gynecologic practice. The great 
variety of inflammations that occur here are usually 
amenable to therapy and do not constitute significant 
threats to the patient. Only malignant neoplasms can 
be considered as diseases of major clinical significance. 


CONGENITAL. ANOMALIES 


Of the various malformations of the vulva, only 
hypoplasia, duplication, and imperforate hymen merit 
mention. The imperforate hymen sometimes escapes 
recognition in the infant and remains uncorrected until 
the onset of menstruation. At this time, the absence of 
menstrual flow in association with pelvic pain and dis- 
comfort reflect the progressive accumulation of men- 
strual blood in the vagina (hematocolpos), in the uterus 
(hematometra), and in the tubes (hematosalpinx). If the 
condition persists long enough, the overflow of blood 
may spill into the pelvic cavity and produce signs of 
pelvic peritonitis. The accumulated blood may organize 
within the tubes, with resultant permanent sterility. 

Duplication of the vulva is quite rare and is almost 
invariably accompanied by a septate double vagina and 
uterus. 


Atrophic dystrophy (lichen sclerosus) 
Hyperplastic dystrophy (with or without 
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and the characteristic stromal edema and later decidual 
transformation are absent. For these reasons, endome- 
trial biopsy to determine ovulation should not be per- 
formed before the twentieth day and preferably on or 
about the twenty-fifth day, at which time it can be 
assumed that the secretory changes in glands and stroma 
are well developed. 


PATHOLOGY 


Diseases of the female genital tract are numerous 
and extremely common in clinical and pathologic prac- 
tice. They include complications of pregnancy, inflam- 
mations, tumors, and hormonally induced defects. The 
following discussion presents the major entities that 
compose the majority of clinical problems. Details can 
be found in several books?* and chapters in current 
volumes of surgical pathology.” ® 


Vulva 


Tumors 
Condyioma acuminatum 
Papillary hidradenoma 
Carcinoma 
Extramammary Paget's disease 
Malignant melanoma 


Hypoplasia of the vulva or external female genitals 
may arise as a congenital developmental defect. More 
often, it implies a failure of normal growth response. 
The hypodevelopment may be due to an ovarian or 
pituitary insufficiency, or may reflect an end-organ 
unresponsiveness to normal levels of hormone. Such 
infantilism is usually accompanied by hypodevelopment 
of the remainder of the genital tract and by inadequate 
development of the secondary sex characteristics. 


INFLAMMATIONS 


Any dermatologic conditions that affect hair-bearing 
skin elsewhere on the body may also occur on the vulva, 
so that vulvitis may be encountered in psoriasis, eczema, 
and allergic dermatitis. The vulva is prone to skin 
infections, since it is constantly exposed to secretions 
and moisture. Nonspecific vulvitis is particularly likely 
to occur in the blood dyscrasias, uremia, diabetes mel- 
litus, malnutrition, and the avitaminoses. Because itch- 
ing is the most prominent feature of these conditions, 
secondary trauma from scratching complicates the clin- 
ical and histologic picture. Here we shall cover only 
entities that are either specific for or common in the 
vulva. 
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Pelvic inflammatory disease (PID) is considered 
here because it begins in the vulva or its accessory 
glands, but usually the infection spreads upward through 
the entire genital tract, involving more or less all the 
structures in the female genital system. Despite the 
availability of effective antibiotics, the gonococcus con- 
tinues to be a common cause of PID, the most serious 
complication of gonorrhea in women. The basic biology 
of gonococcal infections was discussed earlier (p. 309). 
Besides gonorrhea, infections following spontaneous or 
induced abortions and normal or abnormal deliveries 
are important in the production of PID. Such postabor- 
tion and postpartum infections are caused by staphylo- 
cocci, streptococci, coliform bacteria, and Clostridium 
perfringens. Species of Mycoplasma, Chlamydia and 
non-spore-forming anaerobic bacteria have also been 
implicated in cases of nongonococcal PID.° 

Whatever the etiologic agent, the anatomic changes 
that result are similar. The pathway of spread of these 
various organisms, however, may differ. Gonococcal 
inflammation usually begins in Bartholin’s glands and 
other vestibular glands, or Skene’s ducts and periureth- 
ral glands, or sometimes the endocervical glands. From 
any of these loci, the organisms spread upward over the 
mucosal surfaces, eventually to involve the tubes and 
tubo-ovarian region. In such spread, the adult vagina is 
remarkably resistant. In the child, presumably because 
of a more delicate lining mucosa, vulvovaginitis may 
develop. The nongonococcal infections that follow in- 
duced abortion, dilatation and curettage of the uterus, 
and other surgical procedures on the female genital tract 
are thought to spread upward through the lymphatics 
or venous channels rather than on the mucosal surfaces. 
These infections therefore tend to produce Jess mucosal 
involvement but more reaction within the deeper layers. 


With the gonococcus, approximately two to seven days 
after inoculation of the organism, nonspecific inflammatory 
changes appear in the affected glands. Wherever it occurs, 
gonococcal disease is characterized by an acute suppurative 
reaction accompanied by the copious outpouring of pus. The 
involved structures become hyperemic, edematous, and 
tense. The infection usually but not invariably affects both 
sides. Histologically, the reaction is nonspecific. In gonococ- 
cal infections, the inflammatory changes are largely confined 
to the superficial mucosa and underlying submucosa. Smear 
of the exudate should disclose the intracellular gram-nega- 
tive diplococcus, but absolute confirmation requires cultural 
identification. In most acute cases, with therapy, the infection 
promptly subsides and does not involve the upper levels of 
the genital tract. If spread occurs, a gonorrheal endometritis 
may develop, but more often the endometrium is remarkably 
spared, for obscure reasons. Once within the tubes, an 
acute suppurative salpingitis ensues. The tubal serosa 
becomes hyperemic and layered with fibrin, the tubal fim- 
briae are similarly involved, and the lumen fills with purulent 
exudate that may leak out of the fimbriated end. In the 
course of days or weeks, the tubal fimbriae may seal or 
become plastered against the ovary to create a salpingo- 
oophoritis. Pus may collect in these sealed tubes to cause 


distention (pyosalpinx). So enclosed, the infection tends to 
smolder and becomes chronic for months and even years. 
In the course of time the infecting organisms may disappear. 
The pus then undergoes slow proteolysis and the contents 
of the tubes are transformed to a thin, serous fluid (hydro- 
salpinx). Tubo-ovarian abscesses may result from collec- 
tions of exudate where the tube is sealed against the ovary. 
This process is not truly an ovarian abscess since the 
underlying ovarian substance is remarkably spared except 
for the most superficial layers. 

PID caused by staphylococci, streptococci, and the 
other puerperal invaders tends to have less exudation within 
the lumina of the tube and less involvement of the mucosa, 
with correspondingly greater inflammatory response within 
the deeper layers. The infection tends to spread throughout 
the wall to involve the serosa, and may often track into the 
broad ligaments, pelvic structures, and peritoneum. Bacter- 
emia is a more frequent complication of streptococcal or 
staphylococcal pelvic inflammatory disease than of gono- 
coccal infections. 


PID causes pelvic pain, dysmenorrhea, disturbance 
in intestinal function, menstrual abnormalities, and 
sometimes manifestations of an acute abdomen. The 
complications of PID include (1) peritonitis; (2) intestinal 
obstruction due to adhesions between the small bowel 
and the pelvic organs; (3) bacteremia, which may poten- 
tially induce endocarditis, meningitis, and suppurative 
arthritis; and (4) infertility, one of the most feared 
consequences of long-standing chronic PID. 

In the early stages, gonococcal infections are readily 
controlled with antibiotics although, regrettably, peni- 
cillin-resistant strains have emerged. When the infection 
becomes walled off in suppurative tubes or tubo-ovarian 
abscesses, it is difficult to achieve a sufficient level of 
antibiotic within the centers of such suppuration to 
control these infections effectively. Postabortion and 
postpartum PID are also amenable to antibiotics but are 
far more difficult to control than the gonococal infec- 
tions. Frequently, it becomes necessary to remove the 
organs surgically. 


BARTHOLIN’S ADENITIS AND BARTHOLIN’S 
CYST 


These vulvovaginal glands are frequently involved 
in gonorrheal infections, although at times other organ- 
isms may be responsible for the inflammatory reaction. 
Acute adenitis may result in abscess formation, which 
needs to be drained for relief. A chronic form, with 
asymptomatic intervals alternating with acute exacer- 
bations, also occurs. If the main duct of the gland is 
blocked, a Bartholin’s cyst results. This may become 
quite large, up to 3 to 5 cm in diameter. The lesion is 
fairly common and occurs at all ages. The cyst is lined 
by either the transitional epithelium of the normal duct 
or cells that are flattened by the increased intracystic 
pressure. The cysts produce pain and local discomfort 
but are otherwise of no systemic significance. 


MISCELLANEOUS INFECTIONS 


Syphilitic chancres, chancroid, granuloma inguin- 
ale, and lymphogranuloma inguinale all pursue virtually 
parallel courses in the male and female, and have already 
been adequately considered (Chap. 8). It is necessary 
here only to point out that, in the female, lymphogran- 
uloma of the vulva tends to drain not only to the inguinal 
nodes but also to the deep nodes about the rectum. 
Intense scarring may follow and produce rectal strictures 
in the female. Such drainage does not occur in the 
male. 

Herpes simplex infection of the vulva is common 
and is usually accompanied by infection involving the 
vagina and cervix. The frequency of genital herpes is 
increasing dramatically, particularly in teenagers and 
young women, and indeed, herpes simplex virus type 
II (HSV II) infection is now second only to gonorrhea 
as a sexually transmitted disease.'° The lesions begin 
three to seven days after sexual relations and consist of 
painful red papules that progress to vesicles and then 
coalescent ulcers. Cervical and vaginal involvement 
causes severe leukorrhea. There may be systemic symp- 
toms such as fever, malaise, and tender inguinal lymph 
nodes. The vesicles and ulcers contain numerous virus 
particles, accounting for the high transmission rate 
during active infection. The lesions heal spontaneously 
in one to three weeks but, as with herpetic infections 
elsewhere, the latent infection persists and about two- 
thirds of women suffer recurring relapses. Relapses are 
less painful and transmission is less likely after contact 
with asymptomatic carriers. As discussed later, these 
patients have an increased incidence of cervical dyspla- 
sias and carcinoma. In the pregnant mother, the risk of 
newborn infection with herpes is particularly high when 
the virus particles are present at the time of delivery. 
Herpetic vulvovaginitis is a difficult disease to prevent 
or cure, but topical or intravenous treatment with new 
antiviral agents (e.g., acyclovir) seem to shorten the 
duration of viral shedding and accelerate healing." 

Mycotic and yeast infections on the vulva also occur. 
About 10% of women are thought to be carriers of 
vulvovaginal fungi. Monilial vulvitis is by far the most 
common form of fungal infection (p. 352). 


VULVAR DYSTROPHIES 


A heterogeneous group of lesions of the vulva 
present as opaque, white, plaquelike mucosal thicken- 
ings that are sometimes pruritic and scaly. In the past, 
clinicians have used the term “leukoplakia” to designate 
these lesions—an unfortunate choice of words, since 
white plaques may underlie a variety of histologic pat- 
terns, some of which are clearly benign, whereas others 
are premalignant or malignant.'’* Indeed, when such 
“leukoplakic” lesions are biopsied, they are found to 
represent any one of the following conditions: (1) vitiligo 
(loss of pigment [p. 1274]); (2) an inflammatory derma- 
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tosis (e.g., psoriasis, chronic dermatitis [p. 1291]); (3) 
carcinoma in situ, Paget's disease, or even invasive 
carcinoma; or (4) a variety of alterations of unknown 
etiology that elude proper classification. Considerable 
confusion existed in the past because of imprecise and 
inconsistent terms used for this last group (e.g., krau- 
rosis vulvae, leukoplakia, atrophic vulvitis), but a no- 
menclature developed by the International Society for 
the Study of Vulvar Disease now places the different 
lesions in this group under the single heading of “dys- 
trophy.’ 

There are three varieties of dystrophy: (1) atrophic 
dystrophy or lichen sclerosus (et atrophicus), a charac- 
teristic disorder manifested by epithelial atrophy and 
subepithelial fibrosis; (2) hyperplastic dystrophy, char- 
acterized by hyperplasia and hyperkeratosis of the lining 
epithelium; and (3) mixed dystrophy, in which these 
forms coexist in different areas of the same vulva. When 
atypical cellular changes are present in the hyperplastic 
area, these are labeled as mild, moderate, or severe 
atypia; it is these atypical alterations that have the 
greatest relevance for the future development of carci- 
noma. Although most of the dystrophic patches are 
benign and have no premalignant potential, the lesions 
are often multiple, making their clinical management 
particularly difficult. 


Vulva 


ATROPHIC DYSTROPHY (LICHEN SCLEROSUS) 


Lichen sclerosus (atrophic dystrophy) is a disorder 
of the skin that can occur anywhere on the body and in 
all age groups (p. 1290). It consists of yellowish-blue 
papules or macules that eventually coalesce into thin, 
gray, parchment-like areas. When they affect the vulva, 
these lesions are most common in women between 45 
and 55 years of age. They become easily irritated and 
may lead to progressive shrinkage of the vulvar and 
perivulvar connective tissue. For this reason, the con- 
dition has also been termed “chronic atrophic vulvitis” 
and “kraurosis vulvae.” 


The skin becomes pale gray and parchment-like, the 
labia are atrophied, and the introitus is narrow. The entire 
vulvar area becomes smooth, with loss of the usual skin 
folds, and the skin may assume a glazed red appearance 
as the subcutaneous vessels become more apparent. His- 
tologically, there is atrophy and thinning of the epidermis, 
with disappearance of the rete pegs and replacement of the 
underlying dermis by dense collagenous fibrous tissue (Fig. 
24-6). A nonspecific mononuclear cell infiltrate about blood 
vessels may also occur. The avascular skin and mucosa are 
particularly susceptible to trauma and infections, and the 
lesions therefore are frequently complicated by chronic in- 
flammatory changes, fissuring, ulceration, and even frank 
abscess formation. 


Clinically, this disease occurs after the menopause 
and, on this basis, it has been postulated that it is caused 
by estrogen deficiency. However, lesions are occasion- 
ally encountered in women in active reproductive life. 
At all ages, the disorder tends to be slowly developing, 
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Figure 24—6. Lichen sclerosus illustrating atrophy of epidermis and 
dense sclerosis of dermis with total atrophy of dermal adnexal 
structures. (Courtesy of Dr. Arthur Hertig.) 


insidious, and progressive. It causes considerable dis- 
comfort and predisposes to acute infection, but is usually 
of little systemic significance. Pure atrophic dystrophy 
rarely progresses to carcinoma and most (but not all!”) 
authors do not consider it a precancerous lesion.® ! 


HYPERPLASTIC DYSTROPHY (WITH OR 
WITHOUT ATYPIA) 


In hyperplastic dystrophy there is hyperplasia of 
the squamous epithelial lining, sometimes with varying 
degrees of atypia. The epithelium is thickened and may 
show increased mitotic activity in both the basal and 
prickle cell layers (Fig. 24-7). Frequently there is 
marked hyperkeratosis. The differentiation from basal 
to surface cell can be preserved, but in some cases there 
is dysplasia with variability of nuclear and cell size. The 
hyperplastic epithelial changes may be entirely benign 
or may show foci of atypia sometimes approximating 
intraepithelial carcinoma (Bowen's disease). Leukocytic 
infiltration of the dermis is often pronounced in these 
cases. In the absence of atypia, hyperplastic dystrophy 
does not progress to carcinoma, but a small proportion 
of those with atypia (1 to 5%) eventually develop invasive 
cancer.'* It is important to remember, however, that 
lesions that appear clinically as white plaques may be 
benign without the propensity to develop carcinoma 
(e.g., vitiligo, chronic dermatitis), hyperplastic or atyp- 
ical. Biopsy is therefore indicated in all lesions, even 
those that are remotely suspicious. 

Mixep DysTROPHIES. In 10 to 50% of cases of vulvar 
dystrophy, both forms (lichen sclerosus and hyperplastic 


dystrophy) may affect different areas of the same vulva 
at the same time, requiring multiple biopsies from 
various sites. These cases probably account for the 
apparent increased incidence of carcinoma developing 
in lichen sclerosus, reported by some authors. 


TUMORS 


Tumors of the vulva are the most important lesions 
to affect this region. Many types have been recorded, 
both benign and malignant, including fibromas, neuro- 
fibromas, angiomas, sweat gland tumors, carcinomas, 
malignant melanomas, and various types of mesenchy- 
mal sarcoma. All these forms are uncommon and, more- 
over, are histologically analogous to similar tumors 
occurring elsewhere in the body. Therefore, attention 
is focused on the more frequent tumors and other 
proliferative lesions distinctive of the vulva. 


CONDYLOMA ACUMINATUM 


Benign verrucous protuberances of the vulva occur 
in three forms. (1) By far the most common is the 
condyloma acuminatum, a virus-induced squamous pap- 
illoma also called “venereal wart.” (2) A much rarer 
form is the usually discrete squamous papilloma, which 
may be indistinguishable from condyloma acuminatum 
but is usually single, occurs in older age groups, and is 
not venereally transmitted; these squamous papillomas 
may be the forerunners of carcinoma in a few cases. (3) 
The syphilitic condyloma lata is described on page 337. 
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Figure 24—7. Hyperplastic vulvar dystrophy. Marked epithelial hy- 
perplasia and hyperkeratosis, present clinically as leukoplakia. 
(Courtesy of Dr. Arthur Hertig.) 


Figure 24-8. Numerous condylomas of vulva, almost obscuring 
labia minora. (Courtesy of Dr. Arthur Hertig.) 


Condylomata acuminata have a distinctly verrucous 
gross appearance (Fig. 24-8), and although they may be 
solitary, they are more frequently multiple involving 
perineal, vulvar, and perianal regions; the vagina; and, 
rarely, the cervix. Histologically, they consist of a tree- 
like proliferation of stratified squamous epithelium sup- 
ported by a fibrous stroma (Fig. 24-9). Acanthosis, 
parakeratosis, hyperkeratosis, and a peculiar vacuo- 
lization of epithelium (called koilocytosis) are often 
present; there is usually a mild degree of atypicality of 
squamous cells, which is increased when the lesions are 
painted with podophyllin, the chemical often used to 
treat these lesions. The growth is induced by the human 
papilloma virus (HPV), which is similar to but antigen- 
ically different from the common wart virus. The virus 
has been recovered from the lesions, identified by 
molecular hybridization techniques,!® and localized in 
epithelial cells by electron microscopy and with the 
immunoperoxidase technique.’ The condition is trans- 
mitted by coitus, and the lesion is identical to that 
found on the penis and around the anus in males. The 
condyloma accuminatum itself is not considered to be a 
precancerous lesion, having diploid or polyploid rather 
than the aneuploid DNA content of precancerous cells. !® 
However, condylomas sometimes coexist with areas of 
dystrophy, atypia, or carcinoma in situ,’® a finding that 
may account for the reported cases of carcinomas arising 
from them. 


PAPILLARY HIDRADENOMA 


This benign tumor arises from the modified apo- 
crine sweat glands of the vulva. It presents as a sharply 
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Figure 24-9. A, Condyloma acuminatum. Note “cauliflower” ap- 
pearance of epidermal hyperplasia. B, High-power view of epithelial 
hyperplasia in condyloma acuminatum. Cytoplasmic vacuolization 
(koilocytosis) and oval nuclei in superficial layers are characteristic. 
(Courtesy of Dr. T. Kwan.) 


circumscribed nodule, most frequently on the labia 
majora or interlabial folds. This rare tumor can be 
mistaken for carcinoma by the clinician because of its 
tendency to ulcerate, and by the pathologist because of 
its complex histologic appearance, which consists of 
tubular ducts lined by a single or double layer of 
nonciliated columnar cells, with a layer of flattened 
“myoepithelial cells” underlying the epithelium. These 
myoepithelial elements are characteristic of sweat glands 
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and sweat gland tumors. Hidradenoma is a benign 
lesion, and when completely excised it does not recur. 
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CARCINOMA 


Carcinoma of the vulva is an uncommon malignancy 
that represents about 3% of all genital cancers in the 
female.”° It is rarely seen in those under the age of 60. 
In a considerable number of instances, these malignan- 
cies are preceded by atypical vulvar hyperplasias or 
dysplasias and, in a small percentage of cases, by benign 
papillomas and Bowen's disease (described later). 85% 
of malignant tumors of the vulva are squamous cell 
carcinomas, the remainder being basal cell carcinomas, 
melanomas, or adenocarcinomas. 


Any region of the vulva may be affected and, in fact, a 
small percentage arise from the perineal skin about the 
rectum also. These tumors begin as small areas of epithelial 
thickening that resemble leukoplakia but, in the course of 
time, progress to create firm, indurated, elevated, maplike 
areas that become fissured and frequently secondarily in- 
fected. The central regions may ulcerate to produce the 
characteristic malignant ulceration with heaped-up, firm mar- 
gins and necrotic, irregular, indurated base. Destructive 
ulceration wipes out all structures in its path. Histologically, 
these tumors are almost invariably squamous cell carcino- 
mas, showing good differentiation with the formation of 
keratohyalin pearls and prickle cells (Fig. 24—10). 

The tumors infiltrate locally for a period of weeks to 
months and tend to metastasize at a relatively early stage 
to the regional nodes.”° In about 65% of cases, vulvar 
carcinoma has metastasized to the regional nodes at the 
time of discovery. The nodes affected are the inguinal nodes 
and the nodes within the pelvis, about the rectum, and about 
the iliac vessels and bifurcation of the aorta. Such nodal 
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Figure 24-10. Carcinoma of vulva at medium power, illustrating 
typical invasive cords of squamous cell carcinoma. 


metastasis is correlated more with the size and duration of 
the lesion than with the degree of differentiation of the 
squamous cell growth. Ultimately, lymphohematogenous dis- 
semination involves the lungs, liver, and other internal or- 
gans. 


Although these lesions are superficial tumors that 
are obviously apparent to the patient and the clinician, 
many are misinterpreted as dermatitis, eczema,or leu- 
koplakia for long periods of time. 

The clinical manifestations evoked are chiefly those 
of pain, local discomfort, itching, and exudation, since 
superficial secondary infection is common. If biopsies 
were performed on all questionable alterations of the 
vulva, many of these tumors would be discovered at an 
earlier date. Lesions less than 2 cm in diameter have a 
60 to 80% five-year survival rate, with one-stage vul- 
vectomy and lymphadenectomy; larger lesions with 
lymph node involvement yield a less than 10% five-year 
survival. 

Carcinoma in situ of the vulva, or Bowen's disease, 
is an intraepithelial squamous cell carcinoma that pre- 
sents clinically as leukoplakia. Identical lesions are en- 
countered in the male (p. 1085). The disease is appearing 
with increasing frequency, and more commonly in 
women under the age of 40.7! The lesions are sometimes 
multicentric” and may coexist with microinvasive or 
more deeply penetrating carcinomas. Twenty to 30% 
are also associated with in situ or invasive cervical or 
vaginal carcinoma, suggesting a field effect of a carcino- 
gen. However, actual progression of an in situ cancer 
to invasive carcinoma occurs in only about 5% of pa- 
tients, and then principally in those who are elderly or 
immunosuppressed.”? Spontaneous regression of vulvar 
carcinoma in situ has also been observed, typically when 
these lesions occur in women in their late teens or 
twenties. Kaufman and colleagues™ found herpes sim- 
plex virus type II antigens in 90% of patients with 
carcinoma in situ of the vulva, and preliminary studies 
have demonstrated the presence of HSV-specific DNA 
polymerase in invasive vulvar cancers and their metas- 
tases. As discussed later (p. 1125), the virus is also 
implicated in the causation of cervical carcinoma, but it 
is still unclear whether the presence of virus is important 
etiologically or simply reflects an opportunistic infection 
by a ubiquitous agent.” 

Verrucous carcinoma is a special type of highly 
differentiated squamous cell carcinoma that presents as 
a large fungating tumor. It may resemble condyloma 
acuminatum histologically. Local invasion confirms the 
malignant nature of the lesion, but it rarely metastasizes 
and can be cured by wide excision.” It is particularly 
resistant to irradiation. 

Basal cell carcinomas and adenocarcinomas, the 
latter arising in Bartholin’s glands or sweat glands, also 
occur in the vulva but are uncommon. 


EXTRAMAMMARY PAGET’S DISEASE 


This curious and rare lesion of the vulva, and 
sometimes the perianal region, is similar in its skin 
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tumor cells within squamous epithelium. 


manifestations to Paget’s disease of the breast (p. 1181). 
As a vulvar neoplasm it manifests itself as a red, crusted, 
sharply demarcated, maplike area, occurring usually on 
the labia majora.?” 75 It may be accompanied by a 
palpable submucosal thickening or tumor. The diagnos- 
tic microscopic feature of this lesion is the presence of 
large, anaplastic tumor cells lying singly or in small 
clusters within the epidermis, and its appendages. These 
cells are rendered distinctive by a clear halo that sets 
them off from the surrounding epithelial cells (Fig. 24— 
11). The halo is due to a high content of cytoplasmic 
mucopolysaccharide, which can be visualized by such 
special stains as PAS, Alcian blue, or mucicarmine. The 
stains serve to differentiate Paget's disease from malig- 
nant melanoma—the intraepidermal clear cells in the 
latter are negative for mucopolysaccharides. Most elec- 
tron microscopic studies indicate that Paget's cells are 
secretory glandular cells with apocrine or eccrine differ- 


Tumors of Vagina 
Carcinoma 


Congenital Anomalies 
Inflammations 
Trichomonal vaginitis 
Monilial vaginitis 
Herpes simplex vaginitis 


The vagina is a portion of the female genital tract 
that is remarkably free from primary disease. In the 
adult, inflammations often affect the vulva and perivulval 
structures and spread through the vagina to the cervix 
without significant involvement of the vagina. The major 
serious primary lesion of this structure is the seldom 
found primary carcinoma. The remaining entities can 
therefore be cited quite briefly. 


CONGENITAL ANOMALIES 


Atresia and total absence of the vagina are both 
extremely uncommon. The latter usually occurs only 
when there are severe malformations of the entire 
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entiation.”’ By immunohistochemistry they contain the 
so-called GCD protein 15 derived from gross cysts of 
the breast, which is characteristic of apocrine cells.” 
In contrast to Paget’s disease of the nipple, in 
which 100% of cases show an underlying ductal breast 
carcinoma, vulvar lesions are most frequently confined 
to the epidermis of the skin and adjacent hair follicles 
and sweat glands. The dermis may be invaded by Paget’s 
cells in some cases, but an underlying or adjacent 
adenocarcinoma is distinctly uncommon; it is thus as- 
sumed that the Paget's cells arise de novo from primitive 
intraepithelial precursors.2” The prognosis of Paget’s 
disease is poor in the rare case with associated carci- 
noma, but intraepidermal Paget's disease may persist 
for many years, even decades, without the development 
of invasion, although recurrences may occur. Occasional 
untreated cases eventually become invasive.” 


MALIGNANT MELANOMA 


Melanomas of the vulva are uncommon, represent- 
ing 5 to 10% of all vulvar cancers and 2% of all 
melanomas in women. Their peak incidence is in the 
sixth or seventh decade; they tend to have the same 
biologic and histologic characteristics as melanomas oc- 
curring elsewhere*! and are capable of widespread met- 
astatic dissemination. The overall survival rate is around 
i 

Early in its evolution the melanoma is sometimes 
confined to the epithelium, where it may produce 
pagetoid cellular changes, described above. As already 
indicated, the differentiation of Paget’s disease of the 
vulva from an intraepithelial superficial melanoma may 
require special stains for mucopolysaccharides. 


Vagina 


Squamous cell carcinoma 
Adenocarcinoma 
Sarcoma botryoides 


genital tract. Septate, or double, vagina is also a very 
uncommon anomaly that arises from failure of total 
fusion of the miillerian ducts. Congenital cysts, how- 
ever, are relatively common defects that are innocuous 
and usually arise from Gartner's ducts, vestigial rem- 
nants of the wolffian ducts. Occasionally, these cysts 
arise from persistent inclusions of miillerian ductal epi- 
thelium. 

Gartner's duct cysts are found along the lateral 
walls of the vagina, and commonly are 1- to 2-cm, fluid- 
filled cysts that occur submucosally. Rarely, they may 
enlarge up to 5 to 6 cm. The lining epithelium is at 
times cuboidal and at times columnar, or may even be 
transitional in form. Mixtures of these epithelial types 
are frequent. The cysts are of no consequence, save for 
their differentiation from more ominous tumor masses. 


4420 FEMALE GENITAL TRACT 


INFLAMMATIONS 


Any vulvar inflammation may extend through the 
introitus and thus affect the vagina, but the only types 
of intrinsic vaginal inflammation of any consequence are 
gonorrheal vulvovaginitis in the child (already cited, p. 
1114), trichomonal and monilial vaginitis that occur at 
any age, senile vaginitis in postmenopausal women, and 
herpes simplex infection of the vagina. 

TRICHOMONAL VAGINITIS. Acute or chronic vaginal 
infections may be caused by Trichomonas vaginalis, a 
large, flagellated, ovoid protozoan measuring up to 30 
microns in length and 10 to 15 microns in diameter. It 
is readily recognized by several tufted, elongated flagella 
at one end, matched usually by a solitary flagellum at 
the opposite pole. Infections with this organism may 
occur at any age, but are somewhat more common in 
postmenopausal women. 

When the inflammation is well developed, the 
underlying vaginal and cervical mucosa has a character- 
istic brilliant fiery red, sometimes called “strawberry, ” 
appearance. Histologically, there is a suppurative in- 
flammatory reaction, but it is usually quite superficial 
and involves only the vaginal mucosa and immediate 
subjacent lamina propria. This reaction may extend over 
the vulva and perineum into the urethra and even the 
urinary bladder. 

MONILIAL VAGINITIS. As presented in Chapter 8, 
Candida albicans may implant on the mucosa of the 
vagina and produce its characteristic anatomic changes. 

HERPES SIMPLEX VAGINITIS. Herpes simplex infec- 
tion of the vagina accompanies vulvar infection. It is 
important in that it may be the source of neonatal 
infection during childbirth (p. 284). 


TUMORS OF VAGINA 


The malignant tumors of the vagina of clinical 
significance in terms of frequency and biologic behavior 
are carcinomas and sarcoma botryoides. However, be- 
nign neoplasms and non-neoplastic lesions that simulate 
tumors also arise in the vagina. Epithelial papillomas, 
fibromas, leiomyomas, and hemangiomas are uncommon 
and resemble their counterparts in other sites. Small 
red nodules of granulation tissue may simulate tumors 
in the vagina. These usually follow hysterectomy or 
long-standing chronic inflammation. Because these nod- 
ules bleed freely, they are often mistaken for heman- 
giomas. Foci of endometriosis may arise in the vagina 
and masquerade as a neoplasm (p. 1130). Gartner's duct 
cysts (p. 1191) and other epithelial inclusion cysts may 
also present as intravaginal masses. 


CARCINOMA 


Primary carcinoma of the vagina is an extremely 
uncommon cancer accounting for about 1% of malignant 
neoplasms in the female genital tract. Its peak incidence 


is in the sixth and seventh decades of life but, rarely, it 
occurs in younger women. 


Squamous Cell Carcinoma 


Over 95% of vaginal carcinomas are squamous cell 
carcinomas, usually of the well-differentiated type.” 

Most often the tumor affects the upper posterior 
vagina, particularly along the posterior wall at the 
junction with the exocervix. It begins as a focus of 
epithelial thickening, progressing to a plaquelike mass 
that extends centrifugally and invades, by direct conti- 
nuity, the cervix and perivaginal structures such as the 
urethra, urinary bladder, and rectum. The lesions in 
the lower two-thirds metastasize to the inguinal nodes, 
whereas upper lesions tend to involve the regional iliac 
nodes and, in late advanced stages, distant organs via 
the blood. 

These lesions first come to the patient's attention 
by the appearance of irregular spotting or the develop- 
ment of a frank vaginal discharge (leukorrhea). At other 
times, they remain totally silent and only become clin- 
ically manifest by the onset of urinary or rectal fistulas. 


Adenocarcinoma 


Adenocarcinomas are rare but have received con- 
siderable attention because of the increased frequency 
of clear cell adenocarcinomas in young women whose 
mothers had been treated with diethylstilbestrol (DES) 
during pregnancy for a threatened abortion. These 
tumors are usually discovered between the ages of 15 
and 20 and are often composed of vacuolated, glycogen- 
containing cells; hence, the term clear cell carcinoma 
(Fig. 24-12). Since the initial description of six cases by 
Herbst and co-workers,* over 400 cases of adenocarci- 
noma of the vagina have been reported to an official 
registry for these tumors. Fortunately, less than 0.14% 
of DES-exposed pregnant women develop adenocarci- 
noma.** The tumors are most often located on the 
anterior wall of the vagina, usually in the upper third, 
and vary in size from 0.2 to 10 cm in greatest diameter. 


Figure 24-12. Clear cell adenocarcinoma of vagina, DES related, 
showing vacuolated tumor cells forming glands. 


These cancers can also arise in the cervix; the ratio of 
vaginal to cervical carcinomas in the Registry is 7:3.™ 

A probable precursor of the tumor is vaginal ad- 
enosis, a condition in which glandular columnar epithe- 
lium of miillerian type either appears beneath the 
squamous epithelium or replaces it.* Adenosis presents 
clinically as red, granular foci contrasting with the 
normal pale pink, opaque vaginal mucosa. Microscopi- 
cally the glandular epithelium may be either mucus- 
secreting, resembling endocervical mucosa, or so-called 
tuboendometrial, often containing cilia. Adenosis has 
been reported in 35 to 90% of the offspring of estrogen- 
treated mothers. Detailed histologic studies suggest that 
clear cell adenocarcinomas arise from the tuboendome- 
trial areas of vaginal adenosis,*®* but, as mentioned 
earlier, such malignant transformation is extremely rare. 

Because of its insidious, invasive growth, vaginal 
cancer (squamous and adenocarcinoma) is difficult to 
cure. With radiotherapy or radical surgery, the five- 
year survival rate for squamous carcinoma and adeno- 
carcinoma not related to DES is on the order of 20 to 
30%; the ten-year survival rate, about 15%. On the 
other hand, surgery and irradiation have successfully 
eradicated DES-related tumors in up to 80% of cases. 

Extension of cervical carcinoma to the vagina is 
much more common than primary malignancies of the 
vagina. Accordingly, before a diagnosis of primary 
vaginal carcinoma can be made, a preexisting cervical 
lesion must be ruled out. 


SARCOMA BOTRYOIDES 


Sarcoma botryoides is an interesting but very un- 
common vaginal tumor most frequently found in infants 
and children under the age of 5. The tumor consists 
predominantly of malignant embryonal rhabdomyoblasts 
and is thus a type of rhabdomyosarcoma (p. 1314).*” 


Grossly, these tumors tend to grow as_ polypoid, 
rounded, bulky masses that sometimes fill and project out 
of the vagina; they have the appearance of grapelike clusters 
(hence the designation “botryoides,” grapelike) (Fig. 24— 
13). They have a gelatinous friable consistency. Fragments 
may break off, with subsequent bleeding and secondary 
infection. Histologically, the tumor cells are small and have 


Congenital Anomalies 
inflammations 

Acute and chronic cervicitis 
Tumors of Cervix 

Carcinoma 


Polyps 


hyperplasia 
Papilloma 


Lesions of the cervix are extremely common if one 
includes the great abundance of minor inflammatory 
changes designated as nonspecific cervicitis. In fact, 
excessive inflammatory vaginal discharge, referred to 
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Figure 24—13. Sarcoma botryoides of vagina appearing as a poly- 
poid mass protruding from vagina. (Courtesy of Dr. Arthur Hertig.) 


oval nuclei, with a small protrusion of cytoplasm from one 
end, resembling a tennis racket. Rarely, striations can be 
seen within the cytoplasm. Beneath the vaginal epithelium 
the tumor cells are crowded in a so-called “cambium” layer, 
but in the deep regions they lie within a loose fibromyxo- 
matous stroma that is edematous and may contain many 
inflammatory cells. For this reason, the lesions can be 
mistaken for benign inflammatory polyps if care is not taken 
to sample sufficient sections, leading to unfortunate delays 
in diagnosis and treatment. 


These tumors tend to invade locally and cause death 
by penetration into the peritoneal cavity or by obstruc- 
tion of the urinary tract. Radical surgery, unpleasant 
as it is for the young female, coupled with chemotherapy 
appears to offer the best results in cases diagnosed 
sufficiently early. Embryonal rhabdomyosarcoma, iden- 
tical in gross and microscopic appearance, also occurs 
in the bile duct, urinary bladder, and eustachian tube. 


Cervix 


Microglandular endocervical 


clinically as leukorrhea, constitutes one of the most 
common clinical complaints in gynecologic practice. 
However, in addition to these for the most part innoc- 
uous inflammatory lesions, the cervix is extremely vul- 
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nerable to the development of cancer. As will be re- 
emphasized presently, cervical carcinoma alone is 
responsible for about 5% of all cancer deaths in women. 


CONGENITAL ANOMALIES 


Hypoplasia of the cervix usually accompanies infan- 
tile development of the uterus and is frequently only 
one feature of general underdevelopment of the female 
genital tract. Duplication of the cervix almost invariably 
implies a septate, totally bifid uterus. Stenosis and 
atresia of the cervical os may occur as congenital devel- 
opmental defects. In this condition, the narrowing may 
be so extreme as to represent a complete absence of 
the cervical canal. In most instances, the developmental 
narrowing is at least probe patent. Stenosis of the cervix 
is more commonly an acquired defect from chronic 
cervicitis, with subsequent fibrosis and scarring. Both 
the developmental and acquired stenoses may result in 
sterility and retention of menstrual blood and secretions. 


INFLAMMATIONS 


Inflammations of the cervix are extremely common. 
They are caused by a variety of bacteria, many of which 
compose the normal flora of the vagina. This form of 
banal inflammation is referred to as nonspecific cervi- 
citis. However, it should not be inferred that all non- 
specific cervicitis is without serious significance because, 
as will be pointed out, it may predispose to serious 
complications in a small percentage of cases. In addition 
to this commonplace type of cervicitis, there are many 
types of specific cervical inflammations, i.e., gonorrhea, 
syphilis, chancroid, and tuberculosis, described in 
Chapter 8. 


ACUTE AND CHRONIC CERVICITIS 


Depending on the histologic criteria selected for 
the establishment of this diagnosis, some degree of 
cervical inflammation may be found in virtually all 
multiparous and in many nulliparous adult women. It is 
extremely doubtful whether the minor involvements are 
of any clinical consequence. 

ETIOLOGY AND PATHOGENESIS. Despite its com- 
monplace occurrence, few data have been accumulated 
on the precise causes of this disorder. Specific infections 
by gonococci, Trichomonas vaginalis, Candida albicans, 
and herpes (mostly type IJ) are clearly responsible for 
many cases of either acute or chronic cervicitis. How- 
ever, the most commonly identified organisms are strep- 
tococci, enterococci, E. coli, and a variety of staphylo- 
cocci. The vagina and the cervix normally contain a 
mixed flora that includes similar organisms. Predispos- 
ing causes to infection must then be sought. Trauma of 
childbirth, instrumentation in the course of gynecologic 
treatment, hyperestrinism, hypoestrinism, intercourse, 


excessive secretion of the cervical glands, high alkalinity 
of the cervical mucus, and congenital eversion of the 
endocervical mucosa have all been cited as predisposing 
influences. 


MORPHOLOGY. Cervicitis may be divided into an acute 
and a chronic phase. 

Excluding gonococcal infections, acute cervicitis is most 
commonly encountered postpartally and is usually caused 
by either staphylococci or streptococci. Microscopically, 
there is stromal edema, infiltration by polymorphonuclear 
leukocytes, and frequently focal loss of the lining mucosa. 
In the more marked cases, the inflammatory infiltration 
extends to involve the endocervical mucosa and glands 
(endocervicitis). 

Chronic nonspecific cervicitis is far more common 
than acute cervicitis. It begins or is most marked within the 
endocervix, in and about the external cervical os, or in the 
squamocolumnar junction. In its simplest form, chronic cer- 
vicitis appears as a slight reddening, swelling, and granularity 
limited to the margins of the external cervical os. With 
progression, the reddening and granularity extend to produce 
a progressively widening ring of inflamed mucosa (Fig. 24— 
14). Inflammatory stenosis of the cervical glands may yield 
cystic dilatations designated as nabothian cysts. The 
chronic inflammatory cells may accumulate into lymphoid 
follicles, follicular cervicitis. All these anatomic lesions are 
merely variations on the basic theme of nonspecific cervicitis. 

Histologically, the inflammatory infiltrate is preponder- 
antly mononuclear, but neutrophils may also be present. 
The infiltrate is usually limited to the superficial regions and 
extends about the endocervical mucus-secreting glands as 
well as into the gland lumina (Fig. 24—15). 

The cervical and endocervical mucosa are sites of 
additional changes. The epithelium usually shows only mild- 
to-moderate hyperplasia. In more marked cases, these epi- 
thelial alterations may produce downgrowth of epithelial pegs 
into the inflammatory granulation tissue. In the course of 
these changes, the epithelial cells are depleted of their 
normal content of glycogen (Fig. 24-16). The loss of glyco- 


Figure 24-14. Chronic cervicitis as viewed through a speculum. 
The inflammatory area rims the external os. (Courtesy of Dr. Arthur 
Hertig.) 


Figure 24-15. Chronic ulcerative cervicitis with previous loss and 
partial regrowth of surface epithelium. An inflammatory infiltrate is 
present in subjacent tissue. 


gen is an important biochemical alteration, since it accounts 
for the failure of these areas to stain brown with Schiller’s 
solution (an iodine preparation), as detailed on page 1126. 

In certain cases, in the region of the external os, tongues 
of stratified squamous epithelium may extend down from the 
surface mucosa into the endocervical glands (Fig. 24-17). 
These changes are designated squamous metaplasia of 
endocervical glands. This form of epithelial alteration merits 
careful attention because it can be mistaken, on casual 
inspection, for the infiltrative growth of squamous cell carci- 
noma. 


Fig. 24-16 
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CLINICAL COURSE. Nonspecific cervicitis may be a 
completely banal, asymptomatic lesion that is discovered 
when the cervix is removed for other causes, in the 
course of routine gynecologic examination, or because 
of leukorrhea. Diagnosis may be made by simple visual 
examination of the cervix when the changes are well 
defined, but at times may be difficult to differentiate 
from the much more serious condition of cancer of the 
cervix. The cervical distortion, ulceration, and over- 
growth of inflammatory tissue may sometimes make this 
lesion resemble a neoplasm. Colposcopy, which allows 
a magnified view of vaginal and cervical mucosa, has 
greatly facilitated follow-up or direct biopsy of suspicious 
lesions (p. 1128). Ultimately, the differentiation rests on 
histologic examination of biopsy specimens. 


Cervix 


TUMORS OF CERVIX 


Although the cervix may develop a wide variety of 
neoplasms, at least 95% of cervical tumors are repre- 
sented by three lesions: carcinomas, polyps, and papil- 
lomas. 


CARCINOMA 


No form of cancer better documents the remarkable 
effects of early diagnosis and curative therapy on the 
mortality rate than cancer of the cervix. Fifty years ago, 
carcinoma of the cervix was the leading cause of cancer 
deaths in women in the United States, but the death 
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Figure 24-16. Junction between normal glycogen-laden vacuolated epithelium (above) and glycogen- 
depleted cells (below). (Courtesy of Dr. Arthur Hertig.) 

Figure 24-17. Chronic cervicitis with squamous metaplasia that has obliterated the endocervical 
glands. Note marked subepithelial inflammation. (Courtesy of Dr. Arthur Hertig.) 
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rate has dropped remarkably to its present rank as the 
sixth cause of cancer mortality (behind breast, lung, 
colon, ovary, and pancreas).** Better cure of cervical 
cancer has reduced deaths due to uterine cancer from 
27 per 100,000 female population in 1930 to eight per 
100,000 in 1980. The trend continues. In the last decade 
alone, the estimated number of new cervical cancers 
and the estimated deaths from cervical cancers de- 
creased by approximately 20%.*° The low mortality rate 
reflects the earlier discovery of curable lesions. Today, 
about 50% of cervical cancers are detected when they 
are small localized lesions (Stages 0 and 1), whereas 20 
years ago only 20% were discovered in these curable 
stages. Thanks for these impressive improvements are 
largely owed to the Papanicolaou cytologic test for 
detection of cancer (p. 265). However, the disease has 
not been conquered and still accounts for approximately 
7500 deaths per year. The American Cancer Society 
estimates that there are 16,000 new patients with inva- 
sive cervical cancers each year, as well as 45,000 new 
patients with carcinoma in situ.’ On the average, a 
woman under 40 years of age has a 2% risk of developing 
cervical cancer.*! 

More is known about the life history of this form 
of cancer than any other. Cervical cytology and the 
accessibility of the cervix to biopsy provide the oppor- 
tunity for the early discovery and close follow-up of 
these lesions. Indeed, the entire concept of “in situ” 
cancer originated with studies of this neoplasm, and it 
is therefore appropriate to consider here in some detail 
the relationship of carcinoma in situ to overt clinical 
malignancy. 

INCIDENCE. Carcinoma of the cervix may occur at 
any age from the second decade of life to senility. The 
peak incidence of invasive lesions occurs around 45 
years of age, and of in situ lesions about 15 years earlier. 
The frequency of this form of cancer in young women 
appears to have risen significantly in the recent past. 
Many social and personal factors may be implicated in 
this trend. However, the overall incidence of invasive 
cervical carcinoma has declined by approximately 58% 
since 1947, almost certainly owing to the increased use 
of mass screening by cytology, which contributes to 
early detection and removal of precursor lesions.” 

EPIDEMIOLOGY AND ETIOLOGY. Much of our insight 
into the etiology of cervical cancer comes from clinical 
or epidemiologic studies of risk factors for the develop- 
ment of these cancers. In the case of cervical carcinoma 
a high incidence, denoting increased risk, has been 
correlated with the following:* 

1. Low socioeconomic class.¥ 

2. Race. Black women have about twice the inci- 
dence of cervical cancer as do white women, this being 
related largely to socioeconomic influences.“ Mortality 
and incidence are also greater in Spanish-Americans 
and American Indians.” 

3. Early marriage and increased parity. 

4. Age of onset of sexual relations, frequency of 
coitus, possibly the number of sexual partners, and early 
age at first pregnancy.** “ There is a high incidence of 
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cervical carcinoma in prostitutes and a low incidence in 
nuns. 

Other risk factors either are subjects of debate or 
are yet to be confirmed. Cervical carcinoma is less 
frequent in Jews, Indian Moslems, and Parsees. How- 
ever, the postulated role of early circumcision of males 
in protecting against cervical cancer in these groups has 
been challenged, since the negative association with 
circumcision is not observed in all populations.** Other 
factors are diethylstilbestrol therapy for pregnant moth- 
ers, use of contraceptive pills, and hormonal treatment 
of menopausal women.* Only 4.3% of partners of cer- 
vical cancer patients are vasectomized, compared with 
19.4% of partners of matched controls, remotely sug- 
gesting a role for semen as a vehicle for a potential 
carcinogenic agent. An association with cigarette smok- 
ing has been reported,” but there are so many complex 
interactions between smoking and other risk factors such 
as social class and early sexual activity that a direct 
relationship is hard to establish.” 

What clues about causation can be inferred from 
the epidemiologic data? Obviously, the risk of devel- 
oping this disease is strongly related to sexual practice. 
Reliable epidemiologic data on this subject are difficult 
to obtain. Nevertheless, attempts to evaluate each of 
these features separately indicate that a direct patho- 
genic role can be ascribed to two variables: early onset 
of coitus, and possibly multiple sexual partners. Most 
of the other factors, such as early and multiple marriage, 
early and multiple parity, and low socioeconomic status, 
can be almost entirely related to predisposing sexual 
practices. Thus, it would seem that carcinoma of the 
cervix involves some initiating agent transmitted at an 
early age from male to female—a one-way venereal 
disease, if you will. Multiple sexual partners would 
increase the likelihood of initially encountering this 
agent, as well as make possible repeated contact with 
it. 


Viruses and Cervical Cancer. Two classes of viruses 
are currently suspected to play a role in the causation 
of cervical cancer: herpes simplex virus type II (HSV 
II) and the human papilloma virus (HPV). 

HERPES SIMPLEX virus. A relationship between HSV 
II and cancer of the cervix is suggested by a large 
number of observations. °° The main findings can be 
summarized as follows: 

1. Genital HSV II infection occurs in about 0.15% 
of the general female population, and there is an in- 
creased incidence of cervical dysplasia and carcinoma in 
patients with such infection. In one study, 23% of 
women with herpes infection had cervical dysplasia or 
cancer, whereas only 2.6% without infection had these 
conditions. The prevalence of HSV II antibodies is 
significantly higher in women with cervical cancer or 
dysplasia than in controls. 

2. Women with herpetic cervicitis have a four- to 
16-fold greater risk of cervical cancer than those without 
disease. 

3. Studies of antibodies to a specific herpesvirus 
protein antigen (AG4) show that 50 to 96% of patients 


with dysplasia, carcinoma in situ, or active invasive 
cancer have positive titers, compared with 11.7% of 
controls, 7.7% of patients with cancer in other sites, 
and 7.4% of patients with treated invasive cancer.” 

4, Cervical tumor cells have been shown to express 
viral messenger RNA and a variety of other viral pro- 
teins.°° Viral DNA sequences corresponding to about 
40% of the genome were found in the cervical tumor, 
and infectious HSV II was isolated from a lesion of a 
patient with carcinoma in situ.’ 

5. HSV and viral DNA have been shown to cause 
neoplastic transformation in culture, and the transform- 
ing sequences have been identified. 

6. Finally, in preliminary reports, a proportion of 
monkeys vaginally or cervically infected with HSV II 
were shown to develop dysplasia five years after infec- 
tion. 

HUMAN PAPILLOMA viRUS (HPV). As noted earlier (p. 
1117), this virus is the known cause of the venereally 
transmitted vulvar and cervical condyloma acumina- 
tum.!7 The same class of virus has been localized by 
immunoperoxidase techniques, electron microscopy, 
and DNA sequencing studies in patients with cervical 
dysplasia, a lesion considered to be precancerous.” The 
virally infected cells are identified histologically by the 
presence of highly vacuolated, ballooned cytoplasm, a 
change termed koilocytosis (Fig. 24-9, p. 1117). Koilo- 
cytotic cells, however, are frequent in the cervical 
epithelium of many women with benign condylomas or 
only mild dysplasia, but are uncommon (less than 10%) 
in carcinoma in situ or invasive carcinoma.” Recent 
studies suggest that HPV type 16 is closely associated 
with malignant lesions of the cervix, while types 6 and 
11 are present in the benign condylomas.” 

The possibility that either virus or both viruses 
(synergistically) play a role in cervical cancer is attrac- 
tive, since it would explain many of the previously 
mentioned correlations, all of which might contribute 
to the possible spread of an infectious agent. However, 
the questions whether these infections and cervical 
cancer are merely independent consequences of prom- 
iscuity and are not biologically related, or whether they 
follow the development of the earliest precancerous 
lesion, remain unanswered. 

RELATIONSHIP OF CERVICAL DYSPLASIA AND CAR- 
CINOMA IN SITU (CERVICAL INTRAEPITHELIAL NEOPLASIA) 
TO INVASIVE CARCINOMA. One of the most significant 
advances in the therapy of neoplasia has been the 
realization that cervical carcinoma arises from precursor 
lesions.*® © Most authorities now agree that cervical 
cancer is the end stage of a continuum of progressively 
more atypical changes in which one stage merges im- 
perceptibly with the next. The first and apparently 
earliest change is the appearance of atypical cells in the 
basal layers of the squamous epithelium, but nonethe- 
less with persistence of the normal differentiation toward 
the prickle and keratinizing cell layers. The atypical 
cells show changes in nucleocytoplasmic ratio, loss of 
polarity, increased mitotic figures, and pleomorphism— 
in other words, all the hallmarks of malignant cells. As 
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Cervix 


the lesion evolves, there is progressive involvement of 
more and more layers of the epithelium, until it is 
totally replaced by atypical cells, exhibiting no surface 
differentiation. 

Precancerous squamous lesions of the cervix are 
classified by one or the other of two schemes, as shown 
in Figure 24-18. 

1. The most widely used term is dysplasia, which 
literally means “bad molding” or, in more scientific 
terms, disordered development. Dysplasia is subdivided 
into very mild, mild, moderate, and severe, depending 
on the proportion of the thickness of squamous epithe- 
lium involved by atypical cells. When there is full- 
thickness involvement by atypical cells, the term carci- 
noma in situ is applied (Figs. 24-18 and 24-19). 

2. The second approach emphasizes that the dys- 
plastic changes represent a spectrum of the same basic 
change, i.e., cervical intraepithelial neoplasia (CIN).” 
There are three grades of CIN: Grade I represents less 
than one-third involvement of the thickness of epithe- 
lium; Grade II one-third to two-thirds involvement; and 
Grade III two-thirds to full-thickness involvement, thus 
including the classic carcinoma in situ of the dysplasia 
scheme terminology. Although the designation CIN has 
been criticized on the basis that the milder grades of 
atypicality may be reversible (and thus not neoplasia), . 
it has been adopted by a number of authorities on 
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Figure 24-18. Schematic representation of cervical cancer precur- 
sors. CIN Grades 1, 2, and 3 correspond to traditional very mild—to- 
mild dysplasia, moderate dysplasia, and severe dysplasia—to-ClS, 
respectively. They are characterized by progressive increase in 
number of undifferentiated, malignant cells and decrease in super- 
ficial cell differentiation paralleling increasing severity of CIN. 
Schema also illustrates that microinvasion, although more commonly 
associated with a Grade 3 lesion, may also develop directly from 
any given stage of untreated CIN. The risk of developing microin- 
vasion from different stages of CIN is not necessarily proportional 
to that illustrated in the schema, however. (From Ferenczy, A.: 
Cervical intraepithelial neoplasia. In Blaustein, A. (ed.): Pathology 
of the Female Genital Tract. 2nd ed. New York, Springer-Verlag, 
1982. Reproduced with permission.) 
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Figure 24—19. Focus of carcinoma in situ of cervix (CIN Grade III), 
showing markedly atypical cells occupying full thickness of epithe- 
lium. (Courtesy of Dr. D. Antonioli, Beth Israel Hospital, Boston.) 


cervical neoplasia and clinical centers treating cervical 
disease. Figure 24-18 schematically depicts this spec- 
trum of changes and the corresponding alterations, using 
both the dysplasia and CIN terminologies.” 

Whatever terms are used, a number of facts about 
these alterations seem to be accepted: 

1. CIN almost always begins at the squamocolum- 
nar junction, in the transformation zone epithelium 
contiguous to the native portio epithelium (Fig. 24-1). 

2. Physicochemical measurements of nuclear mass, 
DNA content, and chromosome distribution and cell 
kinetic studies indicate that the cell alterations in dys- 
plasia and carcinoma are qualitatively similar and remain 
constant. In particular, these cells exhibit aneuploid 
chromosomal content, in contrast with the diploid or 
polyploid nature of normal or hyperplastic cells. 

3. These precursor lesions appear to represent a 
continuum of changes when followed up in individual 
patients or when analyzed statistically in large popula- 
tions: i.e., CIN Grade I may progress to the next higher 
grade during a ten-year follow-up period, Grade II may 
progress to III, and so on.*''® All grades may progress 
or may persist without progression. In one study,™ 6% 
of mild dysplasias, 13% of moderate dysplasias, and 29% 
of severe dysplasias ultimately evolved to carcinoma in 
situ. The more severe the grades of dysplasia, the 
shorter is the time span for the development of carci- 
noma in situ.®’ The rates of progression, however, are 
by no means uniform and, in general, it is difficult, if 
not impossible, for a clinician using any technique to 


predict who among those patients in a population being 
followed will remain static and who will progress. 
Whether true regression of these lesions occurs is 
debatable,” but they are particularly fragile and may be 
eradicated by biopsy, by drugs, or possibly even by 
physiologic trauma such as delivery.” 

4. Carcinoma in situ or CIN Grade III is a precur- 
sor of invasive carcinoma. This conclusion is based on 
three pieces of evidence: (a) the finding of foci of 
carcinoma in situ and invasive carcinoma simultaneously 
in the same cervix, usually in adjacent areas; (b) the 
development of invasive carcinoma in patients followed 
without treatment after a diagnosis of carcinoma in situ 
has been made; and (c) the fact that most (but not all) 
new cases of invasive carcinoma originate from a popu- 
lation of women with previously proved dysplasia. 

5. Several studies strongly suggest that detection 
and eradication of dysplasia and carcinoma in situ in a 
population will prevent the development of invasive 
cervical carcinoma and lead to a fall in death rate from 
that disease.™ 

6. As in the case of cervical cancer, these precursor 
lesions are confined almost exclusively to women who 
have had sexual intercourse, and a high relative index 
risk is associated with early sexual experience and 
promiscuity. 

Before leaving the question of dysplasia, it is im- 
portant to emphasize that there is a wide variety of 
alterations in the cervical epithelium that are abnormal 
in appearance but are benign lesions and not precan- 
cerous. For example, following trauma, biopsy, or sur- 
gery, the epithelium undergoes a reparative process, 
with regeneration and hyperplasia. In such epithelium, 
atypicality is minimal or nonexistent; the cell borders 
are well defined; there are one or more single large 
nucleoli; and the nuclei are, in general, regular. The 
hyperplasia that accompanies chronic cervicitis has the 
same features. Finally, the benign squamous metaplasia 
of endocervical glands should be clearly differentiated 
from precancerous lesions; in these, the abnormal cy- 
tologic features required for a diagnosis of dysplasia are 
absent. 


MORPHOLOGY. Carcinoma of the cervix begins at or 
close to the squamocolumnar junction of the exocervical os. 
Carcinomas rarely if ever arise from the more lateral regions 
of the exocervix. In situ carcinoma of the cervix consistently 
produces no recognizable alteration to the naked eye. The 
diagnosis can be suspected only by the Schiller test, the 
Papanicolaou smear, or colposcopy. The Schiller test in- 
volves painting the cervix with a solution of iodine and 
potassium iodide. The normal cervical epithelium is rich in 
glycogen and stains a mahogany brown. The cancerous 
focus, because it is depleted of glycogen, fails to stain. It 
should be cautioned that this method may yield false-positive 
results since areas of inflammation may also fail to stain 
with the Schiller solution. The changes seen on colposcopy 
are detailed later (p. 1128). 

At the stage of carcinoma in situ, one sees characteristic 
cellular anaplastic changes within the cervical mucosa with- 
out invasion of the stroma. Atypical cells and mitotic figures 
can be seen in the entire thickness of epithelium. Sometimes 


the anaplastic changes extend along the surface into the 
underlying endocervical glands, but such superficial spread 
should not be construed as invasion since the basement 
membranes of these glands are not penetrated. 

Invasive cervical carcinoma presents in three some- 
what distinctive macroscopic patterns: fungating (or exo- 
phytic), ulcerating, and infiltrative cancer. The most com- 
mon variant is the fungating tumor, which produces an 
obviously neoplastic mass that projects above the surround- 
ing mucosa (Fig. 24-20). In the ulcerating pattern, the 
progressive epithelial thickening leads to sloughing necrosis 
of the surface of the tumor with the production of a necrotic 
neoplastic ulceration. The infiltrative pattern is the least 
common variant in which the tumor grows downward into 
the underlying stroma of the cervix, causing only irregular 
thickening of the mucosal surface without ulceration or 
fungation. In the course of time, all cervical carcinomas 
infiltrate the underlying cervix, obliterate the external os, 
grow up into the endocervical canal and lower uterine 
segment, and eventually extend into the wall of the fundus. 

Advanced cervical carcinoma extends by direct conti- 
nuity to involve every contiguous structure including the 
peritoneum, urinary bladder, ureters, rectum, and vagina. 
Local and distant lymph nodes are also involved. The 
paracervical, hypogastric, obturator, and external iliac nodes 
are affected in about half the cases and more distant 
periaortic nodes in about the same number. Distant metas- 
tasis occurs to the liver, lungs, bone marrow, and other 
structures. 

The histology of 75 to 90% of carcinomas of the cervix 
is that of a typical squamous cell carcinoma of varying 
differentiation and growth rate. Some of the tumors are 
extremely well differentiated, producing keratohyalin, epithe- 
lial pearls, and prickle cells, whereas others are composed 
of more undifferentiated squamous cells. The majority (over 
60%) are nonkeratinizing, moderately well differentiated, and 
composed of large cells. It is usually possible to identify in 
situ carcinoma in the margins of overt invasive lesions. 

Many systems of classifying these carcinomas have 
been devised, but all include essentially either histologic 
grading of the degree of differentiation of the neoplasm or 
expression of its clinical extent in stages. As would be 
suspected, the better differentiated tumors generally yield a 
better survival rate than the anaplastic undifferentiated le- 
sions. With comparable radiation therapy, differentiated le- 
sions of similar clinical stage yielded a 51% five-year survival 
rate as compared with 28% for anaplastic tumors. The most 
widely accepted classification of staging is the 1976 modifi- 
cation of the International Federation of Gynecology and 
Obstetrics (FIGO) classification: 

Stage 0. Carcinoma in situ or intraepithelial carcinoma. 

Stage I. Includes carcinoma that is strictly confined to 
the cervix. It may be subdivided into: 

la. Carcinoma in situ with early stromal invasion (mi- 
croinvasive carcinoma). 

Ib. Clinically invasive carcinoma confined to cervix. 

Ib (Occult). Histologically invasive carcinoma of the 
cervix that could not be detected at routine clinical exami- 
nation but was diagnosed on a biopsy or cone biopsy. 

Stage Il. The carcinoma extends beyond the cervix but 
has not extended onto the pelvic wall. The carcinoma 
involves the vagina, but not the lower third. 

Stage Ill. The carcinoma has extended onto the pelvic 
wall. On rectal examination, there is no cancer-free space 
between the tumor and the pelvic wall. The tumor involves 
the lower third of the vagina. 
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Figure 24—20. Carcinoma of cervix, well advanced. 


Stage IV. The carcinoma has extended beyond the true 
pelvis or has involved the mucosa of the bladder or rectum. 
This stage obviously includes those with metastatic dissem- 
ination. 

The term microinvasive carcinoma (Stage la) deserves 
some comment. This refers to a tumor in which the lesion is 
in situ, but in which there might be small, microscopic foci 
or tongues of neoplastic epithelium invading beyond the 
basement membrane. The W.H.O. International Committee 
could reach no agreement as to the depth of invasion beyond 
which the tumor could be classified as frankly invasive (1b). 
Various groups use 1, 3, and 5 mm as the depth beyond 
which the tumor should be classified as frankly invasive 
cancer, Stage 1b, and treated by means of radical surgery.® 

The remaining 10 to 25% of cervical carcinomas con- 
stitute adenocarcinomas, adenosquamous carcinomas, 
undifferentiated carcinomas, or other rare histologic types. 
The adenocarcinomas presumably arise in the endocervical 
glands. Rarely, such adenocarcinomas may arise in rem- 
nants of the mesonephric ducts. These look and behave as 
do the squamous cell lesions. They arise, however, in a 
slightly older age group. The adenosquamous carcinomas 
have mixed glandular and squamous patterns and are 
thought to arise from the reserve cells in the basal layers of 
the endocervical epithelium. They are distinguishable from 
the more common squamous Cell lesions only by histologic 
examination, but tend to have a less favorable prognosis 
than squamous cell carcinoma of similar stage. Clear cell 
adenocarcinomas of the cervix in DES-exposed women are 
similar to those occurring in the vagina (p. 1120). 


CLINICAL COURSE. It is apparent from the preced- 
ing discussion that cancer of the cervix evolves slowly 
over the course of many years. The peak incidence of 
invasive carcinoma is in the fifth and sixth decades; that 
of in situ lesions is in the early to late thirties. With the 
sexual revolution, the disease sometimes appears in 
much younger women. During the long evolution, the 
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Figure 24—21. Colposcopic view of cervical mucosa showing char- 
acteristic mosaic pattern of cervical dysplasia. (Courtesy of Dr. D. 
Antonioli, Beth Israel Hospital, Boston.) 


cytologic abnormalities produce no clinical manifesta- 
tions. Such nonspecific symptoms as increased vaginal 
discharge may be present. For these reasons, it is 
generally acknowledged that periodic Papanicolaou 
smears should be performed on all women after they 
become sexually active, since these examinations afford 
an excellent opportunity to detect these incipient can- 
cers when they can be eradicated with almost complete 
certainty. Cytologic examination merely detects the 
possible presence of a cervical cancer; it does not make 
an absolute diagnosis, which requires histologic evalu- 
ation of appropriate biopsy specimens. Ultimately, when 
these cancers become clinically overt, they usually 
produce irregular vaginal bleeding, leukorrhea, pain on 
coitus, and dysuria as the dominant clinical manifesta- 
tions. 

Colposcopy provides a well-lighted, magnified, 
stereoscopic view of the cervix, including the transfor- 
mation zone in which intraepithelial neoplasia most 
frequently occurs.” The alterations that accompany dys- 
plasia include areas of white epithelium and abnormal 
patterns referred to as “mosaic or punctuation” patterns 
(Fig. 24-21). These are by no means diagnostic of 
cervical neoplasia, but their presence has been corre- 
lated with disease in many cases. Highly abnormal 
vascular patterns regularly accompany invasive cervical 
cancer. 

The treatment of carcinoma of the cervix depends 
on the stage of the neoplasm. For invasive carcinoma, 
three therapeutic modalities—surgical excision, radia- 
tion alone, or combined surgery and radiation—are 
sponsored equally ardently by various clinicians. Re- 
ports of end results indicate that, for Stages I and II, 
there is little difference in five-year survival rates with 
all three forms of therapy. 

The prognosis and survival of these patients de- 
pends largely on the stage at which cancer is first 
discovered.”' If these lesions are discovered at Stage 0, 


100% cure should be effected. With current methods of 
treatment, there is a five-year survival rate of about 80 
to 90% with Stage I, 75% with Stage II, 35% with Stage 
III, and 10 to 15% with Stage IV disease.” Most patients 
with Stage IV cancer die as a consequence of local 
extension of the tumor—e.g., into and about the urinary 
bladder and ureters, leading to ureteral obstruction, 
pyelonephritis, and uremia—rather than of metastatic 
disease. 

As for the treatment of dysplasia and carcinoma in 
situ, there is no need for hasty radical surgery for these 
lesions. Years usually elapse before in situ lesions be- 
come invasive. Simple hysterectomy is clearly curative 
for severe dysplasia or carcinoma in situ, and indeed is 
advocated by many clinicians for women no longer 
wishing to conceive. However, many preinvasive lesions 
can be localized by colposcopy and eradicated by freez- 
ing (cryotherapy), electrocoagulation, or at the most 
conization (removal of a cone of cervical mucosa and 
submucosa). As long as the patient can be followed by 
means of periodic Papanicolaou smears or colposcopy, 
much can be gained from a conservative and _indi- 
vidualized approach. Thus, Richart and colleagues noted 
a recurrence rate of less than 1% in almost 3000 patients 
with CIN treated with cryosurgery and followed for 
more than five years.” 


POLYPS 


Endocervical polyps are common, relatively innoc- 
uous, inflammatory tumors that occur in 2 to 5% of 
adult women, usually in the fourth and fifth decades of 
life. They are frequently associated with chronic cervi- 
citis, although it is doubtful that the two conditions have 
a causal relationship. Perhaps the major significance of 


Figure 24—22. Endocervical polyp, protruding through external os. 


polyps lies in their production of irregular vaginal “spot- 
ting” or bleeding that arouses suspicion of some more 
ominous lesion. 

Polyps may occur singly (approximately 90%) or 
multiply. Most arise within the endocervical canal and 
vary from small, hemispheric, sessile projections several 
millimeters in diameter to large, 5-cm bulbous masses 
that are pedunculated and may protrude or prolapse 
through the cervical os (Fig. 24-22). All are soft, almost 
mucoid, and histologically are composed of a loose 
fibromyxomatous stroma harboring hypertrophied or 
cystically dilated, mucus-secreting endocervical glands. 
Ulceration and chronic inflammation may lead to squa- 
mous metaplasia or considerable inflammatory epithelial 
alterations. 

In almost all instances, simple curettage or surgical 
excision effects a cure, although formation of an addi- 
tional polyp may occur. 


Microglandular Endocervical Hyperplasia 


This benign cervical lesion occurs in women 
receiving progestogen-containing oral contraceptive 
agents. Clinically the lesion resembles a cervical polyp, 


Congenital Anomalies 
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and histologically it is composed of a mass of tightly 
packed proliferating glands or tubules, with occasional 
focal squamous metaplasia. At times the epithelium may 
show atypical changes. Occasionally the lesions occur in 
the absence of ingestion of contraceptive drugs.” The 
importance of the lesions lies in their possible confusion 
with endocervical adenocarcinoma.” 
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PAPILLOMA 


Several types of papilloma arise on the cervix. They 
take one of three forms: (1) The cockscomb papilloma 
or polyp almost invariably occurs during pregnancy and 
regresses following delivery. It is a small, red lesion 
that projects above the surrounding mucosa and has a 
resemblance to a cockscomb. (2) The condylomata acu- 
minata are similar to those lesions occurring in the 
vulva. As pointed out, they are caused by human 
papilloma virus. (3) The rare solitary, true neoplastic 
papillary proliferations of the cervical mucosa usually 
arise from the squamocolumnar junction. As prolifera- 
tive lesions, this form of papilloma may, rarely, convert 
to a squamous cell cervical cancer. 
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Tumors of Uterine Corpus 


inflammations Irregular shedding Endometrial polyps 
Chronic endometritis Endometrial Hyperplasia Leiomyoma 
Adenomyosis Miscellaneous Endometrial Changes Carcinoma 
Endometriosis Senile cystic endometrial atrophy Sarcoma 
Functional Menstrual Disorders (Dysfunctional Oral contraceptives and the Mixed mesodermal tumors (mixed 
Uterine Bleeding) endometrium mullerian tumors) 


Anovulatory cycle 


The uterus, stimulated continually by hormones, 
denuded monthly of its endometrial mucosa, and inhab- 
ited periodically by fetuses, is subject to a variety of 
disorders, the most common of which result from en- 
docrine imbalances, complications of pregnancy, and 
neoplastic proliferation. Together with the lesions that 
affect the cervix, the lesions of the corpus of the uterus 
and the endometrium account for the great preponder- 
ance of gynecologic practice. 


CONGENITAL ANOMALIES 


Hypoplasia of the uterus is encountered in a variety 
of endocrine disorders. Such small uteri are referred to 
clinically as infantile. Most are due to ovarian or pitui- 
tary hypofunction. Strictly speaking, such failure of 
growth is not a congenital anomaly but an acquired 
defect. 

Various anomalies may derive from the imperfect 
fusion of the primitive miillerian ducts. These consist of 
many patterns that vary from simple notching of the 
fundus to a partial septum that divides the fundus but 


Leiomyosarcomas 
Endometrial stromal tumors 


not the cervix, to total division of the uterus by a septum 
into two endometrial cavities, a septate uterus. The 
most extreme anomaly is a completely double uterus 
with double cervix, each organ receiving only one tube. 
Such anomalies are perfectly compatible with normal 
fertility and normal menstrual cycles, but sometimes 
result in interesting and confusing clinical problems. 
Pregnancy in one half of a septate uterus may be 
accompanied by bleeding from the unaffected half or by 
a second conception. Pregnancy may occur in one half 
of the uterus after the other half has already developed 
a pregnancy, so-called superfetation. 


INFLAMMATIONS 


The endometrium and myometrium are relatively 
resistant to infections. Acute endometritis and myome- 
tritis are thus uncommon clinical problems. Acute re- 
actions are virtually limited to bacterial infections that 
arise following delivery or miscarriage. Retained prod- 
ucts of conception are the usual predisposing influence. 
The most common causative agents are the group A 
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hemolytic streptococci, although the staphylococci and 
other bacteria are sometimes involved. The inflamma- 
tory response is chiefly limited to the interstitium and 
is entirely nonspecific in nature. Removal of the retained 
gestational fragments by curettage is promptly followed 
by remission of the infection. 

CHRONIC ENDOMETRITIS. Chronic inflammation of 
the endometrium occurs in the following settings:” (1) 
in patients suffering from chronic PID (p. 1114); (2) in 
tuberculosis, either from miliary spread or more com- 
monly from drainage of tuberculous salpingitis (Fig. 24— 
23); (3) in postpartal or postabortal endometrial cavities, 
usually due to retained gestational tissue; and (4) in 
patients with intrauterine contraceptive devices (IUD). 
In the last-named case, the endometritis is sometimes 
caused by actinomycetes.”” The chronic endometritis in 
all these cases represents a secondary disease, and under 
these circumstances there is a plausible cause for the 
endometrial inflammation. 

In about 15% of cases no such primary cause is 
present, yet plasma cells are found in the endometrium. 
It will be remembered that, in the normal menstrual 
cycle, the endometrial mucosa is suffused with neutro- 
phils, lymphocytes, and histiocytes during the menstrual 
phase. Therefore, only one type of inflammatory cell, 
the plasma cell, is not a normal inhabitant of the 
endometrium. Some women with this so-called “non- 
specific’ chronic endometritis have such gynecologic 
complaints as abnormal bleeding, pain, discharge, or 
infertility. It would appear to be justified to accept the 
entity of nonspecific (or idiopathic) chronic endometritis 
when plasma cells alone are present, even though we 
fail to understand the cause of the changes. 
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ADENOMYOSIS 


Adenomyosis refers to the presence of nests of 
endometrium in the myometrium of the uterine wall. 
It is currently believed to represent an abnormal growth 
activity of the endometrium, reflecting a downgrowth 
of the basal zone of the endometrium into the myome- 
trium.’’ It is found at postmortem examination in 10 to 
15% of uteri, depending on the criteria used for the 
diagnosis and the zeal with which it is sought. 

Adenomyosis usually causes symmetric uterine en- 
largement, although in some cases the uterus is normal 
in size. The uterine wall is often thickened to 2 to 2.5 
cm, sometimes irregularly, but otherwise appears un- 
remarkable in most cases. In some cases the included 
endometrium is functional, menstruates, and therefore 
produces small nests of red-brown blood pigmentation 
within the myometrium (Fig. 24-24<A). 


The histologic diagnosis of adenomyosis rests on the 
identification of buried endometrial stroma or glands, or both, 
between the muscle bundles of the myometrium. In most 
instances, the nests are composed of typical glands en- 
closed within a spindle cell stroma (Fig. 24—24B). Occasion- 
ally, the nests are composed only of stroma, designated as 
benign stromal nodules. For a justifiable diagnosis of 
adenomyosis, the endometrial nests should be one low- 
power field or more (2 to 3 mm) below the endomyometrial 
junction. In those few instances in which the glands function, 
blood accumulates within the ectopic foci to cause local 
hemosiderosis. 


Patients with adenomyosis frequently have men- 
orrhagia, colicky dysmenorrhea, dyspareunia, and pelvic 
pain, particularly during the premenstrual period. 


ENDOMETRIOSIS 


Endometriosis is the term used to describe the 
presence of endometrial glands or stroma in abnormal 
locations outside the uterus.” It occurs in the following 
sites in descending order of frequency: (1) ovaries, (2) 
uterine ligaments, (3) rectovaginal septum, (4) pelvic 
peritoneum, (5) laparotomy scars, and rarely in the 
umbilicus, vagina, vulva, and appendix. 

INCIDENCE. This disorder is principally a disease of 
women in active reproductive life, most often in the 
third and fourth decades. It practically never arises in 
women over 50. There is a higher incidence of this 
condition in women in the higher economic groups who 
tend to marry later in life, having fewer children, and 
have a lower fertility rate than lower income groups. 
Microscopically proved endometriosis was found in 33% 
of patients undergoing surgery for the assessment of 
infertility.” 

PATHOGENESIS. The derivation of the nests of aber- 
rant endometrium has long been argued. The metaplas- 
tic theory holds that endometriosis represents an ab- 
normal differentiation of coelomic epithelium. The 
regurgitation or implantation theory proposes that en- 
dometrium is regurgitated through the fallopian tubes 
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Figure 24-24. Adenomyosis. A, An unusual variant with function of endometrial nests producing foci 
of hemorrhage within uterine wall. B, Nest of typical endometrium within uterine wall, well below 


endometrial surface (at top). 


at the time of the normal menstrual period and spills 
out through the fimbriated ends to become implanted 
in various sites. Regurgitation can indeed be demon- 
strated during menstruation, particularly when the cer- 
vix is stenotic or narrowed. Moreover, the tendency for 
endometriosis to be localized within the pelvis further 
fits the implantation theory. However, it obviously does 
not suffice to explain the development of endometriosis 
in the umbilicus or in sites removed from the pelvis. 
The lymphatic or hematogenous dissemination theory is 
advanced to explain endometriosis in lymph nodes and 
such rare sites as the nose and arm. The theories are 
not mutually incompatible, and endometriosis may en- 
compass all three pathways described. 


MORPHOLOGY. Endometriosis may present in many 
varied patterns. The foci of endometrium are almost invari- 
ably under the influence of the ovarian hormones and, 
therefore, undergo the cyclic menstrual changes with peri- 
odic bleeding. As a result, these foci appear as red-blue to 
yellow-brown nodules implanted on the serosal surfaces or 
apparently lying beneath the surface in the sites mentioned. 
They vary from microscopic lesions to 1 to 2 cm in diameter. 
Individual lesions may enlarge and coalesce. In time, these 
nodules may evoke a marked fibroblastic proliferation as the 
result of the irritative effect of the blood to produce dense 
fibrous nodules. When the accumulation of blood is exten- 
sive, its organization causes interadherence of structures, 
obliteration of the pouch of Douglas, distortion and total 
fibrosis in and about the tubes and ovaries, and sometimes 


a virtually frozen pelvis. The ovaries may become markedly 
distorted by large cystic spaces (3 to 5 cm in diameter) filled 
with brown blood debris to form so-called chocolate cysts 
(Fig. 24—25). 

The histologic diagnosis of endometriosis is sometimes 
readily made (Fig. 24—26), but at other times may be most 
obscure. Paradoxically, the diagnosis is most difficult in 
advanced, florid, long-standing cases because, as the dis- 
ease progresses, the fibroproliferative response to the re- 
tained blood progressively obliterates recognizable features. 
In late cases, then, it may be possible only to identify 
hemosiderin pigment and nests of macrophages containing 
green-brown granular debris within areas of dense fibrosis. 
A definite histologic diagnosis requires two of the three 
following features: glands, stroma, or hemosiderin pigment. 


CLINICAL Course. The clinical manifestations of 
endometriosis are dependent on the distribution of the 
endometrial lesions and on their functional activity. It 
may therefore be present as an asymptomatic lesion. 
Clinical signs and symptoms usually consist of severe 
dysmenorrhea and pelvic pain due to the intrapelvic 
bleeding and periuterine adhesions. Dyspareunia may 
be present on the same basis. Pain on defecation reflects 
rectal wall involvement, and dysuria reflects involve- 
ment of the serosa of the bladder. Intestinal disturbances 
may appear when the small intestine is affected. Men- 
strual irregularities are common for obscure reasons. 
Infertility is the presenting complaint in 30 to 40% of 
women. As the tubes become embedded in fibrous 
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Figure 24-25. Endometriosis. Ovaries are converted into enlarged irregular masses by large 


“chocolate cysts.” (Courtesy of Dr. Arthur Hertig.) 


tissue and the ovaries are deformed by the bleeding 
process, sterility is a late serious complication. These 
clinical manifestations are similar to those that accom- 
pany chronic salpingitis. Accordingly, the diagnosis of 
pelvic endometriosis should be entertained when the 
physical findings suggest inflammatory involvement of 
pelvic viscera, or thickenings or masses in the cul-de- 
sac or tubo-ovarian regions. 


FUNCTIONAL MENSTRUAL DISORDERS 
(DYSFUNCTIONAL UTERINE BLEEDING) 


During active reproductive life, the normal 
monthly cyclic shedding and regrowth of the endome- 
trium is a finely balanced mechanism. It is controlled 
by the rise and ebb of pituitary and ovarian hormones, 
not only in regulated, absolute amounts, but also in 
carefully integrated, relative levels. This finely adjusted 
proliferation of a new endometrial mucosa each month 
is subject to many aberrations that cause either hyper- 
plasia or atrophy of the endometrium. 

By far the most frequent problem facing the phy- 
sician in gynecologic practice is the occurrence of ex- 
cessive bleeding during or between menstrual periods. 
The causes of abnormal bleeding from the uterus are 
many and vary among women of different age groups 
(Table 24-1). In some instances, bleeding is the result 
of a well-defined organic lesion such as a leiomyoma, 
carcinoma, or polyp, but the largest single group is so- 
called dysfunctional uterine bleeding.® This is defined 
as abnormal bleeding in the absence of an organic lesion 
of the endometrium or uterus. 

ANOVULATORY CYCLE. In most instances, dysfunc- 
tional bleeding is due to the occurrence of an anovula- 
tory cycle, which results in excessive and prolonged 
estrogenic stimulation, without the development of the 


progestational phase that regularly follows ovulation. In 
a small percentage of patients, lack of ovulation is the 
result of (1) a known basic endocrine disorder, such as 
thyroid disease, adrenal disease, or pituitary tumors; (2) 
a specific primary lesion of the ovary such as functioning 
ovarian tumors (granulosa—theca cell tumors, p. 1152) 
or polycystic ovaries (p. 1142); or (3) certain generalized 
metabolic disturbances such as marked obesity, severe 
malnutrition, and any chronic systemic disease. In most 
patients, however, anovulatory cycles with dysfunctional 
uterine bleeding occur with no basic underlying meta- 


Figure 24—26. Classic diagnostic endometriosis of ovary with readily 
recognized, well-formed endometrium within ovarian stroma. 


Table 24—1. CAUSES OF ABNORMAL UTERINE BLEEDING IN 
DIFFERENT AGE GROUPS 


1. Prepubertal 
Precocious puberty (hypothalamic, pituitary, or ovarian origin) 
Trauma or foreign body (mostly of vaginal origin) 


2. Adolescence 
Anovulatory cycle 


3. Reproductive age 

Complications of pregnancy (abortion, trophoblastic disease, 
ectopic pregnancy) 

Organic lesions (e.g., leiomyoma, adenomyosis, polyps, 
endometrial hyperplasia, carcinoma) 

Anovulatory cycle 

Ovulatory dysfunctional bleeding (e.g., inadequate luteal 
phase) 


4. Perimenopausal 
Anovulatory cycle 
Irregular shedding 
Organic lesions (carcinoma, hyperplasia, polyps) 


5. Postmenopausal 
Organic lesions (carcinoma, hyperplasia, polyps) 
Endometrial atrophy 


bolic or endocrine disorder, although certain contrib- 
uting or precipitating factors such as physical or psychic 
stresses, febrile illness, and seasonal variations are en- 
countered. 

Failure of ovulation results in abnormal persistence 
of the graafian follicle; the endometrium is thus sub- 
jected to prolonged and excessive action of estrogens, 
with no evidence of the endometrial secretory activity 
normally evoked by the progesterone derived from the 
corpus luteum. The nonsecretory endometrium shows 
mild degrees of hyperplasia characterized histologically 
by mitotic activity and an increase in gland size. An- 
ovulatory cycles are most common at the two extremes 
of menstrual life—at menarche and about the time of 
menopause (perimenopause)—but they can occur at any 
age and can be interspersed with ovulatory cycles. 
Patients with endometrial carcinoma are more likely to 
have a history of repeated anovulatory cycles. 

INADEQUATE LUTEAL PHASE. Abnormal bleeding 
can also be associated with ovulatory cycles. The exact 
hormohal disturbances that underlie this type of bleed- 
ing are poorly understood, and the histologic alterations 
in an endometrial biopsy tend to be less specific. One 
such type is inadequate luteal phase, which refers to 
the occurrence of inadequate corpus luteum function 
and low progesterone output, with an irregular ovulatory 
cycle.*' Clinically, the condition often manifests itself 
by infertility and either increased bleeding or amenor- 
rhea. Endometrial biopsy performed at an estimated 
postovulatory date shows secretion and differentiates 
this type of bleeding from that seen in the anovulatory 
evele. 

IRREGULAR SHEDDING. This is another type of ab- 
normal bleeding associated with ovulatory cycles. The 
syndrome is characterized by profuse menstrual flow, 
averaging nine to 15 days but occurring regularly. It is 
associated with normal progesterone secretion by the 
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corpus luteum, but is apparently due to a delay in the 
involution of the corpus luteum and therefore to the 
persistent elevation of progesterone levels for a number 
of days after the onset of flow. If a biopsy is performed 
on the fourth or fifth day of menstruation, it shows the 
residual late secretory activity as well as proliferative 
changes at a time when only early proliferative endo- 
metrium should be present. 
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ENDOMETRIAL HYPERPLASIA 


Endometrial hyperplasia is another cause of abnor- 
mal bleeding that differs from the functional endometrial 
disorders inasmuch as the origin of the bleeding is a 
variety of disordered glandular and stromal growth 
patterns. Endometrial hyperplasia is important because 
of its special relationship to endometrial carcinoma. 
Almost 40 years ago, Hertig and Sommers®™ proposed a 
progression of endometrial changes from hyperplasia 
through a spectrum of atypical changes leading even- 
tually, in some cases, to endometrial carcinoma. Nu- 
merous studies have since largely confirmed the malig- 
nant potential of endometrial hyperplasia,™ ***’ and the 
concept of a continuum of atypical changes culminating 
in carcinoma.** Unfortunately, the relative risk of the 
development of cancer is still uncertain owing to the 
variable criteria and differing terms used for the diag- 
nosis of these conditions, and the effects of therapeutic 
interventions on the natural history of hyperplasia. 

Although it is relatively easy to recognize both ends 
of the spectrum of endometrial abnormality—benign 
hyperplasia on one end and frank adenocarcinoma on 
the other—there is little agreement among pathologists 
as to the terms or histologic criteria to be used for 
intermediate stages, or gray zones.** The three most 
common terms for the variants of hyperplasia are cystic 
hyperplasia, adenomatous hyperplasia, and atypical hy- 
perplasia. Because cystic and adenomatous patterns 
often coexist, Kurman and Norris*®® have proposed a 
more practical histologic classification of mild, moderate, 
and atypical hyperplasia. 

Whatever terms one uses, these patterns are char- 
acterized by an excessive proliferation of both epithelial 
and stromal elements, accompanied by an increase in 
endometrial volume. Endometrial hyperplasia occurs 
around the time of, or after, menopause and is associated 
clinically with abnormal or excessive uterine bleeding. 
The hyperplasia in these patients results from an abnor- 
mally high and prolonged level of estrogenic stimulation 
with diminished or absent progestational activity. These 
conditions are encountered in states with absolute in- 
creases in estrogen production: e.g., the persistence of 
follicle cysts in the ovary, as may occur in the Stein- 
Leventhal syndrome (p. 1142); functioning granulosa 
and theca cell tumors of the ovary; excessive adrenocor- 
tical function; and prolonged administration of estro- 
genic substances. These are the same influences postu- 
lated to be of pathogenetic significance in endometrial 
carcinoma (p. 1138), a point that speaks to the precan- 
cerous potential of hyperplasia. 
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Figure 24-27. Cystic mild hyperplasia of endometrium with marked 
dilatation of only one gland. (Courtesy of Dr. Arthur Hertig.) 


Mild hyperplasia (also Known as cystic) is character- 
ized by the presence of glands of various sizes, including 
many that are cystic (Fig. 24—27). The epithelial lining may 
be cuboidal or tall columnar and occasionally multilayered. 
Mitoses are scant, but typical proliferative endometrium may 
be admixed with the dilated glands. The stroma between 
glands also is frequently increased. When severe, cystic 
Hyperplasia evokes a so-called “Swiss-cheese pattern.” 
Cystic hyperplasia should be differentiated from senile cystic 
atrophy; in the latter, the stroma is atrophic and the dilated 
glands are lined by flattened epithelial cells.* 

Moderate hyperplasia (also known as adenomatous) 
results in a thickened, gray, velvety endometrial mucosa. 
The mucosal surface may be irregular and may even have 
polypoid projections. There is an increase in the number 
and size of endometrial glands, but the characteristic feature 
iS the disparity in the size of glands and their irregularity in 
shape. Some glands may be small, whereas others are large 
and cystic. Papillary buddings into the glands are formed, 
as are finger-like outpouchings into the adjacent endometrial 
stroma. The lining epithelium is hyperplastic, and there is 
frequent stratification of the epithelium surrounding the lu- 
mina (Fig. 24-28). The hyperplasia can be focal and there 
may be increased mitotic activity in the endometrial stroma. 

Atypical hyperplasia is indistinguishable grossly from 
adenomatous hyperplasia. Histologically, however, there is 
severe crowding of the glands, as they are backed up to 
each other in apparent contact. The epithelial cells lining the 
glands are often no longer neatly palisaded. In addition to 
crowding, the distinguishing feature of atypical hyperplasia 
is the cellular atypia: loss of polarity, hyperchromatism, and 
prominence of nucleoli. Occasionally, large cells with abun- 
dant pale eosinophilic cytoplasm are prominent (Fig. 24— 
29). Mitotic figures are frequent. In the most severe forms, 
cytologic and architectural atypia may resemble frank ade- 
nocarcinoma, but the term carcinoma in situ suggested by 
some authors is now out of favor. 


All types of hyperplasia produce abnormal bleeding 
in the form of either spotting between periods or 
excessive menstrual flow. Distressing as these are, the 
role of these lesions in the genesis of endometrial cancer 
is far more important. The increased risk from mild or 
cystic hyperplasia is minimal or nonexistent. All workers 
agree, however, that moderate (adenomatous) and in 
particular atypical hyperplasia are potentially precan- 
cerous lesions. In one study of untreated endometrial 
hyperplasias, 22% of the former and 57% of the latter 
progressed to carcinoma within two to 18 years.”° Pre- 
dictions cannot be made for the individual patient,” but 
in general, the more severe the atypia, the greater the 
risk. It is important, therefore, in any assessment of an 
endometrial hyperplastic lesion for the pathologist to 
indicate the type and degree of atypia in a manner 
clearly understandable by the clinician.” 


MISCELLANEOUS ENDOMETRIAL 
CHANGES 


SENILE Cystic ENDOMETRIAL ATROPHY. In the 
postmenopausal woman, the endometrium normally 
atrophies and becomes a rudimentary layer composed 
only of the basal glands. For obscure reasons, in some 
women the glands, instead of undergoing atrophy, be- 
come cystically dilated. Grossly, the atrophic endome- 
trium has a flat, thin, glazed, gray-red appearance, and 
histologically consists of compact endometrial stroma 
containing simple tubular, nonproliferative, nonsecre- 
tory resting glands. Against this background are scat- 
tered, large, cystically dilated glands lined by flattened 
or totally atrophic epithelial cells. Such cystic changes 
should not be confused with cystic hyperplasia in which 
the cystic glands are lined by proliferating as well as 
flattened cells, and the stroma is hyperplastic. 

ORAL CONTRACEPTIVES AND THE ENDOMETRIUM. As 
might be suspected, the use of oral contraceptives 
containing synthetic or derivative ovarian steroids in- 
duces a wide variety of endometrial changes. The pre- 
cise pattern of morphologic change varies with the 
specific compound (its content, both absolute and rela- 
tive, of estrogenic and progestational agents), the dos- 
age, and the schedule of administration. A common 
reaction pattern can be best characterized as a discord- 
ance between glandular and stromal activity. Implied 
here is the presence of inactive, virtually atrophic glands 
lined by low, nonproliferative, nonsecretory cells sur- 
rounded by a lush stroma showing large cells with 
abundant cytoplasm and considerable mitotic activity. 
This morphologic pattern is reminiscent of the decidua 
of pregnancy. Indeed, when encountered in a curetting, 
the stromal changes might be confused with those of 
early pregnancy. The inactive glands, however, are 
inconsistent with such a diagnosis. In other instances, 
with other contraceptives employed on a _ different 
schedule, the glandular epithelial cells are sometimes 
vacuolated and embedded within a less reactive stroma, 
once again readily confused with pregnancy changes. 
When such therapy is discontinued, the endometrium 
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Fig. 24-29 


Figure 24-28. Moderate (adenomatous) hyperplasia of a nest of closely packed glands in right side 


of field. 


Figure 24—29. Severe atypical hyperplasia. Note both marked crowding of glands and cellular atypia 


manifested by large, pale-staining cells. 


(Figs. 24—28 and 24—29 courtesy of Dr. Arthur Hertig.) 


eventually reverts to its normal pattern. All these 
changes have been minimized since the introduction of 
low-dose contraceptive pills. An increased risk of the 
development of endometrial carcinoma has been re- 
ported mainly with sequential contraceptive regimens 
using high doses of the most: potent estrogens and weak 
progestin (Oracon);” these have been withdrawn from 
prescription use. 

As noted earlier, the cervical epithelium also 
undergoes modifications with the use of oral contracep- 
tives. Striking glandular proliferation is frequently seen 
in the region of the squamocolumnar junction, giving 
rise to so-called microglandular endocervical hyperpla- 
sia, which may be confused with a neoplasm. When 
oral contraceptive therapy is stopped, the changes ap- 
parently revert to narmal, but during the height of the 
reaction they can be quite confusing to the unwary 
pathologist. 


TUMORS OF UTERINE CORPUS 


The uterine corpus, including its endometrium and 
myometrium, is affected by a great variety of neoplastic 


growths. These can be benign or malignant and arise 
from (1) the endometrial glands (endometrial polyp, 
endometrial carcinoma); (2) the endometrial stroma (en- 
dometrial stroma sarcoma); (3) the miillerian mesoderm 
differentiating into both glandular and stromal elements 
(mixed mesodermal tumors); or (4) the smooth muscle 
of the myometrium (leiomyoma, leiomyosarcoma).” The 
most common of these tumors are the endometrial 
polyps, leiomyomas, and endometrial carcinomas. 


ENDOMETRIAL POLYPS 


Endometrial polyps are small, mostly sessile masses 
that project into the endometrial cavity and are attached 
to the endometrium by a pedicle or stem. They may be 
single or multiple and usually are small, 0.5 to 3.0 cm 
in diameter, but occasionally are large and pedunculated 
(Fig. 24-30). They may occur at any age but are some- 
what more common at or near menopause.” Smaller 
polyps are usually asymptomatic, incidental findings, 
whereas larger ones may ulcerate, degenerate, and 
cause clinical bleeding. Histologically, they are gener- 
ally of two types, made up of (1) functional endometrium 
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Fig. 24-30 


Fig. 24-31 


Figure 24—30. Large pedunculated polyp within endometrial cavity, viewed on cross section. 
Figure 24-31. Cystic endometrial polyp at low power, illustrating cystic dilatation of glands. (Courtesy 


of Dr. Arthur Hertig.) 


paralleling the cycle of the surrounding nonpolypoid 
endometrium and (2) more commonly, hyperplastic 
endometrium, mostly of the cystic variety, although an 
adenomatous pattern is sometimes seen. Such polyps 
may develop in association with generalized endometrial 
hyperplasia and are responsive to the growth effect of 
estrogen, but exhibit no progesterone response (Fig. 
24-31). Malignant change in an initially benign endo- 
metrial polyp is extremely rare. It is to be emphasized, 
however, that frank carcinoma may be polypoid, and 
further that submucosal leiomyomas may be peduncu- 
lated and present as polypoid lesions. 


LEIOMYOMA 


Leiomyomas are benign tumors of smooth muscle 
origin. They are the most common tumors in women. 
They are also referred to as myomas and, in colloquial 
clinical usage, as “fibroids.” The tumors are responsible 
for at least one-third of all gynecologic admissions to 
hospitals and are found in the general population in 
about one in four women in active reproductive life. 
Although most common in the third and fourth decades, 
they may persist and be discovered in advanced age. 
They are more common in blacks. 

There is much controversy over the role of hyper- 
estrinism in the production of these tumors. It is known 
that they shrink and become fibrosed and even calcified 
postmenopausally. They rarely arise following the men- 
opause. Castration makes them atrophy premenopaus- 


ally. Perhaps most important, during pregnancy there 
is sometimes a rapid increase in their size, accompanied 
by cellular proliferation. On all these bases, the tumors 
are thought to be caused by excessive estrogenic stim- 
ulation. Experimental proof in animals is still lacking, 
however, and there is no evidence that estrogen initiates 
their formation or does more than maintain the size. It 
is perhaps more accurate, then, to consider leiomyomas 
as endocrine-dependent lesions whose growth or size is 
dependent on estrogens. 


Leiomyomas, wherever they occur, are sharply circum- 
scribed, unencapsulated but discrete, usually round, firm, 
gray-white masses that have a characteristic whorled cut 
surface. Except in rare instances, they are found within the 
myometrium of the corpus. Only infrequently do they involve 
the uterine ligaments, lower uterine segment, or cervix. 
Descriptive terms have been applied to their various situa- 
tions within the myometrial wall. Those embedded within the 
myometrium are referred to as intramural. When they occur 
beneath the covering serosa of the uterine corpus, they are 
called subserosal. Some occur in immediate proximity to 
the endometrium and are designated submucous. Fre- 
quently, the subserosal and submucosal masses protrude 
either from the outer contour of the uterus or into the 
endometrial cavity (Fig. 24-32). These may become pedun- 
culated and appear as bulbous polyps having a firm, round 
head (Fig. 24-33). 

Uncommonly, the pedunculated subserosal lesion may 
develop an extremely long, tenuous stalk and it is sometimes 
designated as a wandering or migratory leiomyoma. Oc- 
casionally, such tumors become adherent to surrounding 
structures or omentum, develop an auxiliary blood supply, 


Figure 24-32. Multiple subserosal leiomyomas of uterus. Uterine 
body is “lost” in irregular mass, but cervix is visible as most 
dependent portion of specimen (arrowhead). 


and lose their original attachment to the uterus. They are 
then termed parasitic leiomyomas. 

In the great majority of cases, multiple leiomyomas are 
present. They vary in size from barely visible, pale gray 
seedlings to massive tumors that may simulate a pregnant 
uterus. Although not encapsulated, they are sufficiently dis- 
crete to be readily shelled out. Whatever their size, the 
characteristic whorled pattern of smooth muscle bundles on 
cut section usually makes these lesions readily identifiable 
on gross inspection. Large tumors may develop areas of 


Figure 24-33. Submucosal leiomyoma appearing as a bulbous 
polyp, protruding into endometrial cavity. 
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yellow-brown to red softening which may undergo proteolytic 
liquefaction to produce cystic degeneration. In advanced 
ages, the masses atrophy, tending to become more colla- 
genous, firm, and sometimes partially or completely calcified. 

Histologically, the leiomyoma is composed of whorling 
bundles of smooth muscle cells that resemble the architec- 
ture of the uninvolved myometrium (Fig. 24-34). Usually, 
the individual muscle cells are uniform in size and shape, 
and have the characteristic oval nucleus and long, slender 
bipolar cytoplasmic processes. Mitotic figures are scarce, 
and giant cells and anaplasia are not present. Tumors that 
occur in advanced age groups, as well as occasionally in 
younger individuals, may have an increase of the connective 
tissue with dense hyalinization of this stroma. 
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Leiomyomas of the uterus may be asymptomatic or 
may cause a variety of symptoms, the most important 
of which is profuse bleeding at the time of the menstrual 
period.“ Abnormal, irregular vaginal bleeding may also 
occur, presumably from congestion of arcuate veins by 
the tumor. Pain, pressure on the urinary bladder causing 
urinary frequency, and impaired fertility are other clin- 
ical manifestations. 

Leiomyomas frequently undergo rapid increase in 
size during pregnancy and, at this time, these tumors 
may have considerable hypertrophy of individual cells 
with some variability in nuclear and cell size, as well as 
some mitotic figures. Such changes are sometimes 
alarming as histologic observations, since they can be 
confused with malignant transformation. Myomas in 
pregnant women increase the frequency of spontaneous 
abortion, fetal malpresentation, uterine inertia, and 
postpartum hemorrhage. Malignant transformation is 
said to occur but is rare; it will be discussed in the 
consideration of leiomyosarcomas (p. 1140). 


CARCINOMA 


Carcinoma of the endometrium is becoming in- 
creasingly common. At one time, it was far less frequent 


Figure 24-34. Fiore showing pandles i fal differentiated, 
regular, spindle-shaped smooth muscle cells. 
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than cancer of the cervix, in a ratio of 1:4. Earlier 
detection and eradication of in situ cervical cancer has 
lowered its prevalence as a form of life-threatening 
cancer. The longer life expectancy has led to a real 
increase in endometrial carcinomas but in addition there 
has been an unexplained increase in younger age 
groups.” Thus, the ratio of endometrial to invasive 
cervical cancer is now approximately 2:1.°° Carcinoma 
of the endometrium is fast becoming one of the most 
frequent forms of fatal cancer in women. 

INCIDENCE. Carcinoma of the endometrium ac- 
counts for close to 10% of all cancer in women. The 
disease is predominantly seen in older women, 85% of 
cases occuring after menopause, with a peak frequency 
of 60 per 100,000 in the age group 55 to 65. Less than 
10% occur in patients under age 40. A number of 
important constitutional and other factors correlate with 
the risk of developing endometrial carcinoma:® (1) obes- 
ity—50% of women with endometrial carcinoma weigh 
over 180 lbs; (2) diabetes is present in 5 to 11% of 
patients, while abnormal glucose tolerance is found in 
over 60%; (3) hypertension is found in 50% of patients; 
and (4) infertility—women who develop cancer of the 
endometrium tend to be single and nulliparous and to 
give a history of functional menstrual irregularities con- 
sistent with anovulatory cycles. 

PATHOGENESIS. There is quite compelling evidence 
that carcinoma of the endometrium is caused or influ- 
enced by prolonged estrogen stimulation. The evidence 
can be summarized as follows:°” ® (1) patients with 
estrogen-secreting granulosa—theca cell tumors of the 
ovaries have a much higher incidence of this form of 
cancer than do age-matched controls; (2) endometrial 
cancer is extremely rare in women with ovarian agenesis 
or in those castrated early in life; (3) endometrial carci- 
noma is sometimes preceded by endometrial hyperpla- 
sia, which, as discussed (p. 1133), is related to hyper- 
estrinism, and patients who develop endometrial 
carcinoma frequently have a past history of anovulatory 
cycles; (4) there is an association between carcinoma of 
the endometrium and carcinoma of the breast; (5) pro- 
longed administration of large doses of diethylstilbestrol 
in rabbits and other laboratory animals has resulted in 
the production of endometrial polyps, hyperplasia, and 
carcinoma; (6) some studies suggest an increased risk of 
endometrial carcinoma in women treated with high 
doses of exogenous estrogens (principally estrone), usu- 
ally for menopausal symptoms. The magnitude of the 
risk is uncertain, as it varies with the dose and duration 
of estrogen use, the concomitant cyclic administration 
of progesterone (which tends to decrease the risk), and 
the criteria used for the histologic diagnosis of carci- 
noma.” Oral contraceptives play no role. 

The paradox of an increased incidence of endome- 
trial cancer after menopause, a time when estrogen 
production is assumed to be decreasing, is explained by 
an increased synthesis of estrogens in body fats from 
adrenal and ovarian androgen precursors.!” The amount 
of estrone thus produced is proportionate to total body 
weight, a finding that may partly explain the association 
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of increased risk of endometrial cancer with age and 
obesity. There is, in addition, increased conversion of 
androgen to estrone in patients with endometrial cancer. 


MORPHOLOGY. Grossly, endometrial carcinoma pre- 
sents either as a localized polypoid tumor or as a diffuse 
tumor involving the entire endometrial surface. Both forms 
may in time fungate into the endometrial cavity, which 
becomes filled with a nodular, firm-to-soft, partially necrotic 
neoplasm (Fig. 24-35). When the myometrium is invaded 
by carcinoma the uterus may become enlarged but rarely 
more than twofold. Myometrial extension produces subse- 
rosal and serosal nodules, and eventually the tumor spreads 
to the periuterine structures by direct continuity. Spread into 
the broad ligaments may create a clinically palpable mass. 
Eventually dissemination to the regional iliac, aortic, inguinal, 
and hypogastric lymph nodes occurs and in the late stages 
the tumor may be hematogenously borne to the lungs, liver, 
bones, and other organs. 

Histologically, most endometrial carcinomas (about 
85%) are adenocarcinomas characterized by more or less 
well-defined gland patterns lined by malignant cuboidal or 
columnar epithelial cells (Fig. 24-36). They may be well 
differentiated (Grade 1) having a prominent, easily recogniz- 
able glandular pattern; moderately differentiated (Grade 2), 
where well-formed glands are mixed with solid sheets of 
malignant cells; or poorly differentiated (Grade 3) character- 
ized by solid sheets of cells with barely recognizable glands 
and a great degree of nuclear atypia and mitotic activity. 

Ten to 20% of endometrial carcinomas contain foci of 
squamous differentiation. Both adenomatous and squamous 
patterns are encountered within individual glands (Fig. 24— 
37). Squamous elements most commonly are histologically 
benign in appearance but may also be frankly malignant and 
poorly differentiated. Traditionally the terms used were ad- 
enoacanthoma for adenocarcinomas with benign or mature 
squamous epithelium, and adenosquamous carcinoma for 
those in which the squamous elements are malignant.® 
However, subsequent writings deemphasize these terms 
and advocate the simple term adenocarcinoma with squa- 
mous differentiation, which is graded as well differentiated, 


Figure 24-35. Endometrial carcinoma, presenting as a fungating 
mass in fundus of uterus. 


~~ we 
a 


Fig. 24-36 


1139 


Body of Uterus and Endometrium 


Fig. 24-37 


Figure 24—36. Endometrial carcinoma in classic “adeno” pattern. 
Figure 24-37. Endometrial carcinoma with squamous differentiation. 


moderately differentiated, or poorly differentiated according 
to usual criteria.** When both glandular and squamous 
elements are poorly differentiated, the prognosis is clearly 
grim. 

Other rare histologic types of endometrial carcinoma 
are clear cell carcinoma,’ mucinous adenocarcinoma, 
secretory carcinoma, and papillary serous carcinoma.'” 
The latter, in particular, is a highly malignant form of uterine 
cancer. 


STAGING OF ENDOMETRIAL ADENOCARCINOMA. The 
Cancer Committee of the International Federation of 
Gynecology and Obstetrics proposed a plan of clinical 
staging for endometrial adenocarcinoma that is now used 
to compare end-result data of therapy. 

Stage |. Carcinoma is confined to the corpus uteri 
itself. 

Stage II. Carcinoma has involved the corpus and 
the cervix. 

Stage Ill. Carcinoma has extended outside the 
uterus but not outside the true pelvis. 

Stage IV. Carcinoma has extended outside the true 
pelvis or has obviously involved the mucosa of the 
bladder or the rectum. 

Cases in various stages can also be subgrouped with 
reference to histologic type of adenocarcinoma as fol- 
lows: 

G1—Highly differentiated adenocarcinoma 

G2—Differentiated adenocarcinoma with partly 

solid areas 

G3—Predominantly solid or entirely undifferen- 

tiated carcinoma 


CLINICAL Course. Carcinoma of the endometrium 
may be asymptomatic for a long time. The most common 
manifestation is irregular vaginal bleeding accompanied 
by excessive leukorrhea. This tumor may extend down 
through the endocervical canal and appear at the exter- 
nal os, but most often patients have a completely 
negative-appearing cervix. Uterine enlargement in the 
early stages may be deceptively absent. Cytologic ex- 
amination of vaginal smears by competent observers is 
helpful, but ultimately the diagnosis must be established 
by curettage and histologic examination of the tissue. 

As would be anticipated, the prognosis is heavily 
dependent on the clinical stagé of the disease when 
discovered, and to a lesser degree also on the histologic 
grade. Fortunately the great majority of women (about 
80%) have Stage I disease clinically, and histologically 
have well- or moderately well-differentiated lesions. 
Surgery alone, or in combination with irradiation, yields 
close to 90% five-year survival in Stage I disease. This 
rate drops to 30 to 50% in Stage II, and to less than 
20% in any of the other more advanced stages of the 
disease.’ 


SARCOMA 


Collectively, sarcomas® 1%!’ make up 5% or less 
of uterine tumors; mixed mesodermal tumors, leiomyo- 
sarcomas, and endometrial stromal sarcomas are the 
most common variants. 
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MixED MESODERMAL Tumors (MIXED MULLERIAN 
Tumors). These are malignant and relatively rare tu- 
mors of the endometrium, generally regarded as being 
derived from the miillerian mesoderm.” They are called 
mixed tumors because they consist of malignant glan- 
dular and stromal sarcomatous elements, and the latter 
tend to differentiate into a variety of mesodermal com- 
ponents, including muscle, cartilage, and even osteoid. 
Although a variety of tissues is present, the tumor is 
not a teratoma, since all elements are derived from one 
germ layer—the mesoderm. The tumor occurs in post- 
menopausal women and presents like the adenocarci- 
noma, with postmenopausal bleeding. Many of these 
patients give a history of previous radiation therapy. 
The tumors are highly malignant and have a five-year 
survival rate of 25 to 30%. 


Grossly, such tumors are bulky and polypoid, and may 
protrude into the vagina. On histology, much of the tumor 
may consist of endometrial adenocarcinoma, which tends to 
be poorly differentiated, but the glandular elements are 
intermixed with anaplastic, spindle-shaped stromal cells that 
have bizarre nuclei and numerous mitoses. As mentioned, 
the sarcomatous part might differentiate into recognizable 
smooth or striated muscle cells, cartilage, adipose tissue, 
and bone. When these heterotopic structures are not pres- 
ent, the tumor consists simply of glands and malignant 
mesenchyme, and the terms carcinosarcoma or homolo- 
gous mixed tumors are applied to such lesions. Adeno- 
sarcoma is a rare variant of mixed mesodermal tumors 
composed of benign glands and malignant stroma. Although 
recurrences are common (40%), distant metastases are 
relatively infrequent (15%).'% 


LEIOMYOSARCOMAS. These infrequent malignan- 
cies almost always arise directly from the myometrium. 
Their origin from a preexisting leiomyoma is a contro- 
versial issue, but the consensus holds that these cancers 
are extremely rare complications of the very common 
benign leiomyoma. 


Leiomyosarcomas grow within the uterus in two some- 
what distinctive patterns: bulky, fleshy masses that invade 
the uterine wall; or polypoid masses that project into the 
uterine lumen. Histologically, they show a wide range of 
atypia, from those that are extremely well differentiated to 
anaplastic lesions that have the cytologic abnormalities of 
wildly growing sarcomas (Fig. 24-38). Many of the border- 
line, well-differentiated sarcomas are difficult to delineate 
from cellular leiomyomas. Histologic features indicative of 
leiomyosarcoma include (1) more than ten mitoses per ten 
high-power fields (HPF), with or without cellular atypism; 
and (2) five to ten mitoses per ten HPF with cellular atypism. 
Lesions with zero to four mitoses per ten HPF and cytologic 
atypia are designated atypical or cellular leiomyomas, and 
those with five to ten mitoses per ten HPF and no atypia 
are described as of uncertain malignant potential. 


Leiomyosarcomas are equally common pre- and 
postmenopausally, with a peak incidence at 40 to 60 
years of age. Leiomyosarcomas have a striking tendency 
to recur after removal, and over half the cases eventually 
metastasize to distant organs such as lungs, bone, and 
brain. Dissemination throughout the abdominal cavity 
is also encountered. The five-year survival averages 


Figure 24—38. Leiomyosarcoma. Cells are large and irregular and 
have hyperchromatic nuclei. 


about 40%. The better differentiated lesions have a 
better prognosis than the anaplastic lesions, which have 
a very low five-year survival of about 10 to 15%. 

ENDOMETRIAL STROMAL TUMORS. Strands and nests 
of more or less well-differentiated endometrial stroma 
are sometimes encountered in the myometrium. The 
cytologic differentiation of the stromal cells ranges from 
patterns virtually indistinguishable from the normal 
endometrial stroma to obviously sarcomatous anaplasia. 
These involvements have been divided into three cate- 
gories: (1) benign stromal nodules (p. 1130), (2) endolym- 
phatic stromal myosis, and (3) endometrial stromal 
sarcoma. 

Low-grade stromal sarcoma or endolymphatic 
stromal myosis refers to the appearance of masses of 
well-differentiated endometrial stroma lying between 
muscle bundles of the myometrium, which can be 
differentiated from stromal nodules only by the ten- 
dency of the stromal nests to penetrate lymphatic chan- 
nels (hence the term endolymphatic stromal myosis). 
Occasionally, blood vessels and the serosa are also 
invaded. About half of these tumors recur, sometimes 
after 10 to 15 years; distant metastases and death from 
tumor occur in about 15% of cases. 

Endometrial stromal sarcoma is the overtly cancer- 
ous counterpart of endolymphatic stromal myosis. Here 
the neoplasm forms large fleshy tumor masses that 
project into the endometrial cavity and penetrate the 
underlying myometrium. Commonly, these cancers 
arise high in the fundus. The cells display a wide range 
of atypia from fairly well-differentiated stromal cells, 
which nonetheless present variability in size and shape 
and frequent mitoses, to highly undifferentiated lesions 
with wild pleomorphic tumor giant cells. Less anaplastic 
lesions are differentiated from endolymphatic stromal 
myosis by the number of mitotic figures; more than ten 
mitoses per ten HPF usually indicates malignancy. As 
with all sarcomas, these cancers invade vessels and are 
capable of widespread metastasis. Five-year survival 
averages 50%. 


inflammations 
Suppurative salpingitis (pelvic 
inflammatory disease) 
Tuberculous salpingitis 
Tumors of Fallopian Tubes 


The most common disorders in these structures are 
inflammations, followed in frequency by ectopic (tubal) 
pregnancy (p. 1158) and endometriosis (p. 1130). 


INFLAMMATIONS 


SUPPURATIVE SALPINGITIS (PELVIC INFLAMMATORY 
DISEASE). Salpingitis may be caused by any of the 
pyogenic organisms, i.e., streptococci, staphylococci, 
coliforms, and gonococci. In spite of effective antibiotics, 
the gonococcus still accounts for over 60% of cases of 
suppurative salpingitis. In almost all instances, these 
tubular infections are a part of the pelvic inflammatory 
disease (PID) described on page 1114 (Fig. 24-39). 

TUBERCULOUS SALPINGITIS. Another type of salpin- 
gitis encountered is almost invariably a secondary com- 
plication of a focus of tuberculosis elsewhere in the 
body. Presumably, the tubes are seeded hematoge- 
nously and then the process spreads to other organs in 
the genital tract, such as the endometrium, and to the 
peritoneal cavity. Tuberculous salpingitis is extremely 
uncommon in the United States and accounts for prob- 
ably not more than 1] to 2% of all forms of salpingitis. 
However, it is more common in parts of the world 


Figure 24-39. Acute salpingitis with a diffuse neutrophilic exudate within both 


the mucosal folds and the lumen. 
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Fallopian Tubes 


Fallopian Tubes 


where tuberculosis is frequent and is an important cause 
of infertility in these areas. 


TUMORS OF FALLOPIAN TUBES 


Only rarely do tumors arise within the fallopian 
tubes. The most common forms of tumor, which hardly 
merit such a designation, are minute, 0.1- to 2-cm, 
translucent cysts filled with clear serous fluid, found 
near the fimbriated end of the tube or in the broad 
ligaments, referred to as parovarian cysts or hydatids 
of Morgagni. Some of these cysts are presumed to arise 
in remnants of wolffian duct and are of little more than 
academic significance. Carcinoma of the fallopian tubes 
is rare. These tumors arise from the mucosal lining of 
the tubes (usually near the distal ends), grow as ade- 
nocarcinomas, spread by continuity to adjacent struc- 
tures, and may metastasize in the late stages to distant 
organs such as the lungs and bones. The condition is so 
uncommon that the diagnosis can be made only at 
exploration, when an intrapelvic mass of obscure nature 
is found clinically. Equally rarely, adenomatoid tumors 
(mesotheliomas) occur subserosally on the tube or some- 
times in the mesosalpinx. These small nodules are the 
exact counterparts of those already described in relation 
to the testes or epididymides (p. 1098) and are benign. 


of OE es 


4142 
Ovaries 


FEMALE GENITAL TRACT 


Germ cell tumors 
Teratomas 
Dysgerminoma 


Non-neoplastic Cysts 
Follicular and luteal cysts 
Polycystic ovaries 
Tumors of Ovary 
Tumors of surface (coelomic) epithelium 
Serous tumors 
Mucinous tumors 
Endometrioid tumors 
Clear cell adenocarcinoma 
Cystadenofibroma 
Brenner tumor 
Clinical course of surface epithelial 
tumors 


Choriocarcinoma 


Fibroma 


Metastatic tumors 


Tumors are the most common type of lesion en- 
countered in the ovary. With the exception of these 
neoplasms, the ovary appears remarkably resistant to 
disease. Intrinsic inflammations of the ovary are uncom- 
mon, and usually periovarian inflammations are secon- 
dary to involvement of the adjacent tube. Endometriosis 
does affect the ovary but usually in conjunction with the 
pelvic endometriosis described (p. 1130). Save for the 
important subject of tumors, only non-neoplastic cysts 
and polycystic ovaries merit separate treatment. 


NON-NEOPLASTIC CYSTS 
FOLLICULAR AND LUTEAL CYSTS 


Follicle cysts in the ovary are so common as to be 
virtually physiologic. They originate in unruptured 
graafian follicles or in follicles that have ruptured and 
immediately sealed. These cysts may be single but are 
usually multiple. They rarely exceed 1 to 1.5 cm in 
diameter, are filled with a clear serous fluid, and are 
lined by a gray, glistening membrane. They are usually 
found within the cortex of the ovary immediately sub- 
jacent to the serosal covering. Histologically, granulosal 
lining cells can be identified when the intraluminal 
pressure has not been too great. But as the cysts increase 
in size, the lining cells atrophy under the pressure of 
contained fluid (Fig. 24-40). When the lining becomes 
totally atrophic, further secretion ceases and the cyst no 
longer enlarges. On this basis, these cysts always remain 
small and are of little clinical significance. Rarely, the 
increased production of estrogen stimulates endometrial 
hyperplasia. 

Luteal cysts may be formed in much the same way, 
usually by the immediate sealing of a corpus hemor- 
rhagicum. The liquid contents of the follicle are re- 
tained, and the corpus luteum cannot fill with hemor- 
rhage and thus cannot become fibrosed. Clear serous 
fluid may accumulate to produce small cystic spaces up 
to 2 to 3 cm in diameter. These cysts are lined by a rim 
of bright yellow luteal tissue. Luteal cysts are much less 
common than follicle cysts but are of the same innocuous 
significance. When numerous, the aggregate production 
of hormone may induce endometrial hyperplasia. 


Endodermal sinus (yolk sac) tumor 


Other germ cell tumors 
Sex cord—stromal tumors 
Granulosa-theca cell tumors 


Sertoli-Leydig cell tumors 
(androblastoma, arrhenoblastoma) 
Other sex cord—stromal tumors 


POLYCYSTIC OVARIES 


In 1935 Stein and Leventhal described a syndrome 
characterized by secondary amenorrhea, obesity, hir- 
sutism, infertility, and bilaterally enlarged polycystic 
ovaries. Bilateral resection of wedges of ovary containing 
the multiple cysts restored normal fertility and men- 
strual cycles. This method of treatment remains suc- 
cessful today, but it has become apparent that the 
polycystic ovaries are associated with at least three types 
of clinical presentation: (1) the Stein-Leventhal syn- 
drome described above, (2) abnormal bleeding associ- 
ated with hypermenorrhea, and (3) virilism. These syn- 
dromes occur in young women in the second or third 
decade of life. 

The three syndromes are associated with similar 
pathologic alterations in the ovaries. The ovaries are 
usually but not invariably enlarged, contain multiple 
cysts, and show a thick, tough, pearly white outer tunica 
(“large white ovary’). Microscopically there is extensive 
collagenization of the outer cortex; the cyst walls consist 


Figure 24—40. Follicular-luteal cysts of ovary, showing one large 
cyst and multiple subcortical smaller cavities. 


of a granulosa cell layer with a luteinized theca interna. 
Except in extremely rare cases, infertility is absolute 
and corpora lutea are thus absent. 

The pathogenesis of polycystic ovaries has received 
considerable attention. The evidence now suggests that 
in many patients with the syndrome there is a distur- 
bance in the hypothalamic-pituitary mechanism, con- 
sisting of continuous abnormal stimulation of the ovary 
by both FSH and LH, instead of periodic, synchronized, 
and sequential stimulation. In the absence of a midcycle 
burst of LH to trigger ovulation, there is the formation 
of follicular cysts and luteinization of the theca interna 
of such cysts. It is thought that these luteinized theca 
cells produce predominantly androgenic hormones, ac- 
counting for the virilism. It is also thought that wedge 
resection removes some of the actively functioning 
follicular cysts with their luteinized theca cells; abnormal 
ovarian function is thus diminished, and in this way an 
opportunity is created for the return of normal hypotha- 
lamic-pituitary activity. With this procedure, normal 
menses follow in 80% of patients and pregnancy in 60 
to 80%. 


TUMORS OF OVARY 


Tumors of the ovary are common forms of neoplasia 
in women.'*'"! Among cancers of the female genital 
tract, the incidence of ovarian cancer ranks below only 
carcinoma of the cervix and the endometrium. It ac- 
counts for 6% of all cancers in the female and is the 
fifth most common form of cancer in women in the 
U. S. (excluding skin cancer). In addition, because many 
of these ovarian neoplasms cannot be detected early in 
their development, they account for a disproportionate 
number of fatal cancers, being responsible for almost 
half of the deaths from cancer of the female genital 
tract. There are numerous types of ovarian tumors, both 
benign and malignant. About 80% are benign, and these 
occur mostly in young women between the ages of 20 
and 45 years. The malignant tumors are more common 
in older age groups, between 40 and 65. 

Risk factors for ovarian cancer are much less clear 
than for other genital tumors.*: !!* Black women have 
about one-third less ovarian cancer than white women, 
mainly because they have a lower incidence of the 
epithelial carcinomas; rates for germ cell and sex cord— 
stromal cancers are slightly higher in blacks than in 
whites. Most case control studies agree on two risk 
factors: nulliparity and family history. There is a higher 
frequency of carcinoma in unmarried women and in 
married women with low parity. Estrogen therapy 
seems to have no effect. Indeed, there is decreased risk 
of developing ovarian cancer in women 40 to 59 years 
of age who have taken oral contraceptives.'!? Gonadal 
dysgenesis in children is associated with increased risk 
of ovarian cancer. 

The classification of ovarian tumors given in Table 
24-2 is a simplified version of the W.H.O. Histological 
Classification of Ovarian Tumors, which separates ovar- 
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Table 24—2. OVARIAN NEOPLASMS 


Tumors of Surface Epithelium (75% of all ovarian tumors; 
95% of malignant ovarian tumors) 
Serous tumors 
Serous cystadenoma 
Borderline serous tumor 
Serous cystadenocarcinoma 
Adenofibroma and cystadenofibroma 
Mucinous tumors 
Mucinous cystadenoma 
Borderline mucinous tumor 
Mucinous cystadenocarcinoma 
Endometrioid carcinoma 
Clear cell adenocarcinoma 
Brenner tumor 
Undifferentiated carcinoma 


Germ Cell Tumors (15% of all ovarian tumors; 1% of 
malignant ovarian tumors) 
Teratoma 
Benign (mature, adult) 
Cystic teratoma (dermoid cyst) 
Solid teratoma 
Malignant (immature) 
Monodermal or specialized (e.g., carcinoid, struma ovarii) 
Dysgerminoma 
Endodermal sinus tumor 
Choriocarcinoma 
Others (embryonal carcinoma, polyembryoma, mixed germ 
cell tumors) 


Sex Cord-Stromal Tumors (10% of all ovarian tumors; 2% 
of malignant ovarian tumors) 
Granulosa—theca cell tumors 
Granulosa cell tumor 
Thecoma 
Fibroma 
Sertoli-Leydig cell tumor (androblastoma) 
Gonadoblastoma 


Unclassified Tumors 
Metastatic tumors 


ian neoplasms according to the most probable tissue of 
origin.’ It is now believed that tumors of the ovary 
arise ultimately from one of three ovarian components: 
(1) the surface coelomic epithelium, which embryologi- 
cally has the potential of differentiating into epithelium 
that resembles closely that of fallopian tubes (ciliated, 
serous, columnar cells), the endometrial lining (nonci- 
liated, columnar cells), or the endocervical glands (tall, 
mucus-secreting, nonciliated cells); (2) the germ cells, 
which migrate to the ovary from the yolk sac and are 
totipotential; and (3) the stroma of the ovary, which 
includes the sex cords, forerunners of the endocrine 
apparatus of the postnatal ovary. There is, as usual, a 
group of tumors that defy classification, and finally there 
are secondary or metastatic tumors, the ovary being a 
common site of metastases from a variety of other 
cancers. 

Although some of the specific tumors have distinc- 
tive features, the clinical characteristics of most ovarian 
tumors are similar. These tumors tend to produce 
relatively mild symptoms until they have reached a 
large size. In the case of malignant tumors, they have 
usually spread outside the ovary by the time a definitive 
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diagnosis is made. Abdominal pain and distention, uri- 
nary and_ gastrointestinal tract symptoms due_ to 
compression by tumor or cancer invasion, and abdomi- 
nal and vaginal bleeding are the most common symp- 
toms. The benign forms may be entirely asymptomatic 
and occasionally are unexpected findings on abdominal 
or pelvic examination or during surgery. 


TUMORS OF SURFACE (COELOMIC) 
EPITHELIUM 


The great majority of primary neoplasms in the 
ovary fall within this category.'' There are three major 
types of such tumors, depending on whether the epi- 
thelium is serous, mimicking the fallopian tube epithe- 
lium; mucinous, mimicking the endocervical epithelium; 
or endometrioid, recapitulating the endometrial lining. 
Mixtures of these epithelia occasionally occur in the 
same tumor. In some tumors, the epithelium is so 
undifferentiated that it is unclassifiable. Neoplasms com- 
posed of these three cell types range from clearly benign 
to frank cancers; however, between these two extremes 
fall a group of intermediate tumors that are best consid- 
ered as low-grade cancer and are called tumors of 
“borderline malignancy’ or carcinomas of low malignant 
potential.'!° 

These neoplasms run the gamut from small to 
massive tumors that sometimes fill the pelvis and even 
the abdominal cavity. Many of the serous and mucinous 
varieties are cystic and thus the terms cystadenoma or 
cystadenocarcinoma is applied to these tumors. Solid 
areas are often interspersed. As one ascends the scale 
of aggressiveness, papillary projections into the cystic 
lumina become more prominent, multiloculation more 
complex, and solidification of cystic spaces more com- 
plete. In general, unilocular cysts with few papillary 
projections and no solid areas tend to be benign, 
whereas multiloculated cysts that are highly papillated 
with frequent solid areas are likely to be malignant. 


Serous Tumors 


These common cystic neoplasms are lined by tall, 
columnar, ciliated epithelial cells and are filled with 
serous fluid, the two distinctive features of these tu- 
mors. Together the benign, borderline, and malignant 
types account for about 30% of all ovarian tumors. In 
the overall spectrum of serous tumors, about 10% are 
benign, 30% borderline, and 60% malignant. Thus, the 
ratio of benign to malignant serous tumors is 1:9. The 
serous cystadenocarcinomas account for approximately 
50% of all cancers of the ovary. As with all ovarian 
tumors, these serous lesions occur at any age, but are 
most common between the ages of 20 and 50, the 
malignant forms being seen later in life. They are quite 
uncommon before puberty. 


The benign, borderline, and malignant variants are 
usually large, spherical, or ovoid cysts that average 10 to 
15 cm in diameter but may be as large as 40 cm. The 


smaller masses usually have only a single cystic cavity, but 
as they enlarge they may become multilocular, and then 
they lose their symmetric external aspect (Fig. 24-41). In 
the cystadenoma, the serosal covering is smooth and glis- 
tening. The cystadenocarcinomas often have small, solid 
nodularities or irregular thickenings either directly beneath 
the serosa or protruding through it. Both benign and malig- 
nant forms are filled with a clear serous fluid in most 
instances, but occasionally there is mucinous content to the 
fluid because some tumors are mixed serous and mucin- 
secreting. 

The character of the lining varies. The usual small (up 
to 10 cm), unilocular cyst has a smooth, glistening lining. 
Only infrequently are papillary formations or projecting intra- 
cystic masses identified in these small tumors. 

As the tumors enlarge, they tend to develop multilocu- 
lation and papillary projections or large masses or thicken- 
ings of the wall that jut into the cystic cavities. It should be 
emphasized that the papillary tendency, the solid projecting 
masses, the presence of totally solid locules, and penetration 
or nodularity of the capsule are all important indicators of 
probable malignancy (Fig. 24—42). Only 20 to 30% of benign 
tumors occur bilaterally, but 40% of borderline'tumors and 
approximately two-thirds of malignant forms affect both ova- 
ries. Half of these bilateral borderline and malignant lesions 
remain confined to the female genital tract and are therefore 
amenable to surgical extirpation. 

Histologically, the lining epithelium in the smooth areas 
of the cysts is composed of a single layer of tall columnar 
epithelium. The cells are ciliated, dome shaped, and serous 
secreting (Fig. 24-43). Microscopic papillae may be found. 
In the benign variants, these papillae have a delicate fibrous 
core covered by a single layer of well-oriented columnar 
cells. Typical psammoma bodies are often found in the 
stroma of these tumors, their exact significance being un- 
Known. ‘ 

There is no sharp line of demarcation between this 
histologic pattern in the cystadenoma and the progressive 
atypical changes that denote borderline or frank malignancy. 
The histologic features that denote malignancy consist of 
piling up of the epithelial lining into more than one layer; 
invasion of the underlying stroma or capsule of the cyst; the 
formation of large, solid, epithelial masses that usually 
represent the jutting areas described in the gross; and frank 
penetration or invasion of the cyst wall (Fig. 24-44). The 
individual tumor cells in the carcinomatous lesions display 
the usual features of all malignancy and, with the more 
extreme degrees of atypia, the cells may become quite 
undifferentiated. To express this range of differentiation, the 
malignant tumors may be classified as Grades | to Ill. 

The histologic criteria for borderline tumors are ob- 
viously imprecise but include, in varying combinations, strat- 
ification of epithelial cells, apparent detachment of epithelial 
clusters from their site of origin, moderate mitotic activity, 
and nuclear atypia, but lack of obvious invasion of the 
stroma. Of these, stromal invasion appears to be the most 
consistent feature distinguishing carcinoma from borderline 
lesions. 


All ovarian neoplasms derived from surface epithe- 
lium and/or ovarian stroma tend to produce similar 
clinical manifestations, which will be discussed later. 
Here it is important to cite some of the prognostic data 
for the borderline and cancerous lesions. The ten-year 
survival rate for the overt cancers is on the order of 10 
to 20%, but for the borderline serous neoplasms is 
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Fig. 24—41 Fig. 24-42 
Figure 24—41. Multilocular serous cystadenoma of ovary on cross section. 


Figure 24—42. Multilocular serous cystadenocarcinoma of ovary. Close-up of papillary excrescences 
that have penetrated covering serosa. 


Fig. 24-43 Fig. 24-44 


Figure 24-43. Histologic detail of classic ciliated columnar lining epithelial cells of a serous 


cystadenoma. 
Figure 24—44. Papillary serous cystadenocarcinoma of ovary with loss of orientation and piling up of 


atypical epithelium. 
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approximately 75%. Even when borderline tumors give 
rise to extraovarian implants, surgery and radiation have 
yielded a ten-year survival rate of about 70%. 
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Mucinous Tumors 


These tumors closely resemble their serous coun- 
terparts. They are somewhat less common than the 
serous forms and account for about 20% of all ovarian 
neoplasms. They occur principally in middle adult life 
and are rare before puberty and after menopause. The 
benign variants are much more common than the ma- 
lignant in the ratio of approximately 7:1. Indeed, mu- 
cinous cystadenocarcinomas are uncommon and account 
for 5 to 10% of all ovarian cancers. You recall that, for 
serous neoplasms, the benign:malignant ratio is 1:9. The 
mucinous neoplasm differs from the serous in the char- 
acter of the lining epithelium. It is composed of nonci- 
liated, tall, columnar, mucus-secreting cells. The nuclei 
are disposed basally and the mucoid secretion is found 
in the luminal portion of the cell. The cystic spaces are 
filled with this sticky, slightly gelatinous fluid rich in 
glycoproteins. 


Grossly, the mucinous tumors resemble the serous 
cystadenomas and cystadenocarcinomas. However, in con- 
trast to serous tumors, the mucinous tumors are more apt 
to be unilateral. Approximately 5% of the benign forms and 
only 20% of the carcinomas are bilateral (contrasted with 
serous tumors in which up to 30% of benign tumors and 
70% of carcinomas are bilateral). Mucinous tumors tend to 
produce larger cystic masses and some have been recorded 
with weights of over 25 kg! They tend to be more strikingly 
multiloculated and, on cross section, often present a 
honeycombed appearance (Fig. 24—45). 

Metastases from these cystadenocarcinomas or rupture 
of a malignant tumor may give rise to a clinical condition 
designated pseudomyxoma peritonei. The peritoneal cav- 
ity becomes filled with a glairy mucinous material resembling 
the cystic contents. Multiple tumor implants are found on all 
the serosal surfaces, and extensive interadherence and 
adhesion of the viscera produces a complete matting to- 
gether of all the abdominal contents (Fig. 24-46). This 
fortunately rare form of pseudomyxoma peritonei is a mani- 
festation of malignant dissemination; it is similar in signifi- 
cance to the pseudomyxoma peritonei encountered in rup- 
ture of a carcinomatous mucocele of the appendix (p. 876). 

Histologically, these mucinous tumors are identified by 
the apical mucinous vacuolation of the tall columnar lining 
epithelial cells and the absence of cilia (Fig. 24-47). Not 
uncommonly, however, mixtures of epithelium may be en- 
countered that make it impossible clearly to distinguish 
serous from mucinous tumors. The same characteristics that 
applied to serous cystadenocarcinoma (i.e., piling up of 
epithelium, formation of papillae and complicated glandular 
structures, atypia of epithelial cells, invasion of the capsule, 
and formation of solid masses of tumor) also apply to the 
segregation of the mucinous variants into benign, borderline, 
and malignant tumors. 

Because of the complexity of the loculation in mucinous 
tumors, it may be exceedingly difficult to differentiate histo- 
logically between benign, borderline, and malignant lesions. 
Hence, greater reliance must be placed on the level of 
differentiation of the epithelial components and, where the 


cells are quite regular and display only slight atypia, the 
borderline classification may be applied. In 5 to 10% of 
these mucinous tumors, nodules of a dermoid cyst or Bren- 
ner tumor are found in the wall of a cystic space. 


The importance of differentiating between border- 
line and malignant mucinous tumors is made clear by 
the reported 68% ten-year survival rate in patients with 
borderline lesions, in contrast with a 34% rate for the 
overt carcinomas. With tumors localized to the ovary, 
ten-year survival for borderline lesions is 96%, com- 
pared with 60% for carcinomas.'” 


Endometrioid Tumors 


These neoplasms account for approximately 20% of 
all ovarian cancers. Although benign and borderline 
forms may occur, most are true carcinomas.'"* They are 
distinguished from serous and mucinous tumors by the 
presence of tubular glands bearing a close resemblance 
to benign or malignant endometrium. For obscure rea- 
sons, 15 to 30% of endometrial carcinomas are accom- 
panied by a carcinoma of the endometrium.’ It is not 
thought that one represents metastatic spread from the 
other. 

Although about 15% of cases with endometrioid 
carcinoma also harbor benign endometriosis, most en- 
dometrioid tumors are thought to arise de novo from 
ovarian coelomic epithelium. !”° 


Grossly, endometrioid carcinomas present as a combi- 
nation of solid and cystic areas. These tumors do not achieve 
the monstrous proportions of their mucinous cousins. The 
cysts are lined by a velvety surface from which may protrude 
polypoid masses or papillae. 

Thirty to 50% of patients with endometrioid carcinoma 
have involvement of both ovaries. When such bilaterality is 
found, it usually, but not always, implies extension of the 
neoplasm beyond the female genital tract. Histologically, 
glandular patterns are seen bearing a strong resemblance 
to those of endometrial origin. In some cases, there are foci 
of squamous differentiation, recapitulating the pattern of 
adenoacanthomas of the endometrium. Similarly, some tu- 
mors have foci resembling serous or mucinous carcinomas. 
The survival data cited earlier are modified by the level of 
differentiation of the epithelial component. The overall five- 
year survival rate is 40 to 50%. 


Clear Cell Adenocarcinoma 


This uncommon pattern of surface epithelial tumor 
of the ovary is characterized by large epithelial cells 
with abundant clear cytoplasm. Because these tumors 
sometimes occur in association with endometriosis or 
endometrioid carcinoma of the ovary, and resemble 
clear cell carcinoma of the endometrium, they are now 
thought to be of miillerian duct origin and, indeed, 
variants of endometrioid adenocarcinoma.””! 

The clear cell tumors of the ovary can be predom- 
inantly solid or cystic. In the solid neoplasm, the clear 
cells are arranged in sheets or tubules. In the cystic 
variety, the neoplastic cells line the spaces. The five- 
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Fig. 24-46 


Figure 24—45. Bilateral mucinous cystadenomas of ovary. Tumors were fixed before sectioning to 


demonstrate gelatinous nature of cystic contents. Note 15-cm rule. 
Figure 24—46. Pseudomyxoma peritonei (ovarian), viewed at autopsy with abdominal wall laid back 


to expose massive overgrowth of gelatinous metastatic tumor. 
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Figure 24—47. Histologic detail of classic nonciliated, mucin-secret- 
ing, columnar lining epithelium of a mucinous cystadenoma of ovary. 
(Courtesy of Dr. Arthur Hertig.) 


year survival rate is approximately 50% when the tumors 
are confined to the ovaries.!*! Some patients with more 
well-differentiated tumors may have no recurrence. 
With spread beyond the ovary, five-year survival is 
exceptional. 


Cystadenofibroma 


The cystadenofibroma is essentially a variant of the 
serous cystadenoma in which there is more pronounced 
proliferation of the fibrous stroma that underlies the 
columnar lining epithelium. These tumors are usually 
small and multilocular and have rather simple papillary 
processes that do not become so complicated and 
branching as those found in the ordinary cystadenoma. 
The epithelial lining is usually quite regular. Carcino- 
matous transformation is rare. Borderline lesions with 
cellular atypia also occur, but their malignant potential 
is much less than that of borderline serous tumors.!” 


Brenner Tumor 


This usually solid ovarian neoplasm is characterized 
by a dense fibrous stroma punctuated by nests of 
transitional cells resembling those lining the urinary 
bladder. Less frequently, the nests contain microcysts 
or glandular spaces lined by columnar, mucin-secreting 
cells. Brenner tumors are uncommon and account for 
no more than 2% of ovarian neoplasms. They are 
encountered at all ages, from childhood to the advanced 
years of life, with a peak incidence between the ages of 
40 and 70. As cited earlier, Brenner tumors are occa- 
sionally encountered in mucinous cystadenomas. This 


and other evidence suggest that these tumors arise from 
coelomic epithelial inclusion cysts through metaplasia of 
the cyst lining to transitional epithelium.’ 


These neoplasms are usually unilateral (approximately 
90%) and vary in size from small lesions less than 1 cm in 
diameter to massive tumors up to 20 and 30 cm. Although 
generally solid, they occasionally are cystic. The fibrous 
stroma, resembling that of the normal ovary, is marked by 
sharply demarcated nests of epithelial cells (Fig. 24—48). 
The epithelial cells consist of solid nests resembling the 
epithelium of the urinary tract, often with mucinous glands 
in their center. Infrequently, the stroma is composed of 
somewhat plump fibroblasts resembling theca cells. Such 
neoplasms may have hormonal activity, and in support of 
such a notion are the reported instances of the concurrence 
of Brenner tumors and endometrial carcinoma. The vast 
majority of Brenner tumors are benign, but borderline and 
malignant counterparts have been reported. '* 


Clinical Course of Surface Epithelial Tumors 


All these tumors of the ovary tend to produce the 
same clinical manifestations. The two most prominent 
complaints are low abdominal pain and abdominal en- 
largement. Gastrointestinal complaints, urinary fre- 
quency, dysuria, pelvic pressure, and many other symp- 
toms may appear. When benign, the lesions are easily 


Figure 24—48. Brenner tumor. A, Low-power micrograph showing 
spindle cell component and nests of epithelial cells (arrow). B, High- 
power detail of characteristic epithelial nests. 


resected with cure. However, the malignant forms tend 
to cause the progressive weakness, weight loss, and 
cachexia characteristic of all malignancies. 

The carcinomas extend through the capsule of the 
tumor to seed the peritoneal cavity. Massive ascites is 
common with such dissemination to the abdominal 
cavity. Characteristically, this fluid is filled with diag- 
nostic exfoliated tumor cells. The peritoneal seeding 
that these malignancies produce is quite distinctive: 
they tend to seed all serosal surfaces diffusely with 0.1- 
to 0.5-cm nodules of tumor. These surface implants 
rarely invade the underlying parenchyma of the organ. 
The regional nodes are often involved and intraparen- 
chymal visceral mestatases may be found in the liver, 
bones, and lungs and elsewhere. Metastasis across the 
midline to the opposite ovary is discovered in about half 
the cases by the time of laparotomy, and from this point 
the patients usually run a progressive downhill course 
to death within one to two years. 

Several complications may punctuate the course of 
these neoplasms. The large, bulky ovarian masses may 
become twisted on their pedicles (torsion) and undergo 
hemorrhagic infarction, and thus evoke symptoms of an 
acute abdomen. The cystic lesions may rupture spon- 
taneously or during palpation, to produce acute abdom- 
inal symptoms. 

These tumors grow slowly and often remain undi- 
agnosed until very large; thus, many patients with 
ovarian carcinoma are first seen with lesions that are no 
longer confined to the ovary. This is perhaps the primary 
reason for the relatively poor five- and ten-year survival 
rates for these patients, compared with rates in cervical 
and endometrial carcinoma. Similarly, follow-up of such 
patients after surgical therapy, radiotherapy, or che- 
motherapy can be difficult, since recurrences and spread 
cannot easily be detected. For these reasons, specific 
biochemical markers for tumor antigens or tumor prod- 
ucts in the plasma of these patients are being sought 
vigorously.'!” Relative success has been achieved with 
the measurement of alpha-fetoprotein levels in germ 
cell tumors (p. 1097), but a radioimmunoassay using 
monoclonal antibody for ovarian tumor-associated anti- 
gen has recently been described and is under evaluation. 


GERM CELL TUMORS 


Germ cell tumors represent 15 to 20% of all ovarian 
tumors.'*® '*7 The vast majority (95%) are benign cystic 
teratomas, but the remainder, which are found princi- 
pally in children and young adults, have a higher 
incidence of malignant behavior and pose problems in 
histologic diagnosis and in therapy. 


Teratomas 


Teratomas are divided into three categories: (1) 
mature (benign), (2) immature (malignant), and (3) 
monodermal or highly specialized. 

MATURE (BENIGN) TERATOMAS. The vast majority 
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of benign teratomas are cystic and are better known in 
clinical parlance as dermoid cysts. This designation 
alludes to the fact that they are lined by apparent skin 
with all of its associated adnexal structures and are 
typically filled with a sebaceous cheesy secretion in 
which is found matted hair. These neoplasms are invar- 
iably benign and are presumably derived from the 
ectodermal differentiation of totipotential cells, although 
mesodermal and endodermal elements are often en- 
countered within the wall of the cyst. Cystic teratomas 
are usually found in young women during the active 
reproductive years. 


Ovaries 


The tumors are unilateral in about 80% of cases and 
are relatively small compared with other ovarian neoplasms; 
three-quarters are less than 10 cm in diameter. Character- 
istically, they are unilocular cysts that on section have a thin 
wall lined by an opaque, gray-white, wrinkled, apparent 
epidermis. From this epidermis, hair shafts frequently pro- 
trude. Within the wall, it is common to find tooth structures 
and areas of calcification that prove to be bony spicules. 
The lumen of the cyst is filled with a sebaceous secretion 
that is more or less heavily admixed with matted strands of 
hair (Fig. 24—49). 

Histologically, the cyst wall is composed of stratified 
squamous epithelium with underlying sebaceous glands, hair 
shafts, and other skin adnexal structures (Fig. 24—50). In 
most cases, structures from other germ layers can be 
identified, such as cartilage, bone, thyroid tissue, or other 
organoid formations (Fig. 24—51). Dermoid cysts are some- 
times incorporated within the wall of a pseudomucinous 
cystadenoma. In less than 1% of the dermoids, malignant 
transformation of the epithelium is found. 


The clinical symptoms are those of all ovarian 
neoplasms, i.e., abdominal pain, mass, and, occasion- 
ally, gastrointestinal complaints or disturbances in the 
menstrual cycle. There is apparently some unknown 
influence of these tumors upon the uterus and contra- 
lateral ovary, since these patients have a higher than 


Figure 24—49. Opened dermoid cyst of ovary. Abundant hair and 
sebaceous material is evident. 
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usual rate of sterility. Torsion of a dermoid tumor on its 
pedicle is a not uncommon complication that produces 
signs and symptoms of an acute abdominal emergency. 
Occasionally, the diagnosis of a dermoid can be made 
radiographically by the shadows caused by teeth, bones, 
or areas of calcification, or even the markedly thickened 
epidermal lining of the cyst. Except in the rare instance 
of malignant transformation (1% or less), these tumors 
are resectable and curable. The malignant component 
may take the form of a squamous cell carcinoma, a 
thyroid carcinoma, malignant melanoma, or sarcoma. 
In rare instances, a teratoma is solid but is com- 
posed entirely of benign-looking heterogeneous collec- 
tions of tissues and organized structures derived from 
all three germ layers. These tumors presumably have 
the same histogenetic origin as dermoid cysts, but there 
is no preponderant differentiation into ectodermal de- 
rivatives. These tumors behave in a benign fashion and 
can be adequately treated by simple surgical extirpation. 
They should be differentiated from the malignant, im- 
mature teratomas, which almost always are largely solid. 
The origin of teratomas has been a matter of 
fascination for centuries. Some common beliefs blamed 
witches, nightmares, or adultery with the devil. The 
parthenogenetic theory suggests origin from a primor- 
dial germ cell. The karyotypes of all benign ovarian 
teratomas are 46,XX. From the results of chromosome- 
banding techniques and the distribution of electropho- 
retic variants of enzymes in the normal and teratoma 
cells, Linder and his group suggested that these tumors 
arise from an ovum after the first meiotic division. !*° 
IMMATURE (MALIGNANT) TERATOMAS. These are 
rare tumors composed of a wide variety of tissue ele- 


Figure 24-51. Dermoid cyst of ovary, opened to illustrate several 
abortive tooth structures (above) and a darker area of thyroid 
substance (below). 


ments in varying stages of differentiation, but they differ 
from benign teratomas in that embryonic (rather than 
adult) elements. derived from more than one of the three 
germ layers are usually present (Fig. 24-52). The tumor 
is found chiefly in prepubertal adolescents and young 
women, the mean age being 18.!” 


The tumors are bulky and have a smooth external 
surface. On section they have a solid or predominantly solid 
structure containing small locules or cystic spaces. Rarely, 
the cysts may be quite large. There are areas of necrosis 
and hemorrhage. Hair, grumous material, cartilage, bone, or 
calcification may be present. Microscopically, there are vary- 
ing amounts of immature tissue differentiating toward carti- 
lage, glands, bone, muscle, nerve, and others. The main 
determinant of extraovarian spread and life expectancy in 
immature teratomas is the histologic grade of tumor (I-Ill), 
which depends primarily on (1) the degree of immaturity 
of the various tissue elements and (2) the presence of 
neuroepithelium. Grade | tumors contain abundant mature 
cartilage and a few neuroepithelial elements, whereas higher 
grades contain fewer mature elements and more neuroepi- 
thelial structures that frequently merge with sarcomatous 
tissue. 


Immature teratoma is a malignant tumor that usu- 
ally grows rapidly and penetrates its capsule early. 
Spread and metastases are common. With Grade I 
histology and tumors confined to the ovary, the five- 
year survival rate is excellent, but unfortunately most 
patients seen are more far advanced with a poor overall 
five-year survival rate. 
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Figure 24—52. Immature teratoma of ovary, illustrating heterogeneity 
of embryonal organoid structures. 


In some cases there is coexistence of immature 
teratoma with other germ cell tumor elements (chorio- 
carcinoma, endodermal sinus tumor, and embryonal 
carcinoma) within the same tumor mass. 

MONODERMAL OR SPECIALIZED TERATOMAS. These 
specialized teratomas are a remarkable group of tumors, 
the most common of which are struma ovarii and 
carcinoid.'* Struma ovarii is entirely composed of ma- 
ture thyroid tissue. Interestingly, these thyroidal neo- 
plasms may hyperfunction, producing hyperthyroidism. 
The ovarian carcinoid, which presumably arises from 
intestinal epithelium in a teratoma, might in fact be 
functioning, producing 5-hydroxytryptamine and the 
carcinoid syndrome. Primary ovarian carcinoid must be 
distinguished from ovarian metastasis of an intestinal 
carcinoid. Most fascinating is the strumal carcinoid, a 
combination of struma ovarii and carcinoid in the same 
ovary. 


Dysgerminoma 


The dysgerminoma!™! is best remembered as the 
ovarian counterpart of the seminoma of the testis. Like 
the latter, it is composed of large vesicular cells having 
a cleared cytoplasm, well-defined cell boundaries, and 
centrally placed regular nuclei, These cells are derived 
from primordial germ cells and recapitulate the state of 
the sexually undifferentiated embryonic gonad. Rela- 
tively uncommon tumors, the dysgerminomas account 
for about 2% of all ovarian cancers, yet form about half 
of malignant germ cell tumors. They may occur in 
childhood, but 75% occur in the second and _ third 
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decades. Some, but by no means all, occur in patients 
with gonadal dysgenesis of varying degrees, including 
pseudohermaphroditism. Most of these tumors have no 
endocrine function but are associated with menstrual 
bleeding. A few produce elevated levels of chorionic 
gonadotropin and may have syncytiotrophoblastic giant 
cells histologically. 


Usually unilateral (80 to 90%), they most frequently are 
solid tumors, ranging in size from barely visible nodules to 
masses that virtually fill the entire abdomen. On cut surface, 
they have a yellow-white to gray-pink appearance and are 
often soft and fleshy. Histologically, the dysgerminoma cells 
are dispersed in sheets or cords separated by scant fibrous 
stroma. As in the seminoma, the fibrous stroma is infiltrated 
with mature lymphocytes and occasionally has focal granu- 
lomatous foci reminiscent of tuberculosis or sarcoidosis. 
Occasionally, small nodules of dysgerminoma are encoun- 
tered in the wall of an otherwise benign cystic teratoma; 
conversely, predominantly dysgerminomatous tumor may 
contain a small cystic teratoma. Dysgerminoma may also be 
a component of mixed germ cell tumors containing teratoma, 
choriocarcinoma, embryonal carcinoma, and endodermal 
sinus tumor. 


All dysgerminomas are malignant, but the degree 
of histologic atypia is variable and only about one-third 
are aggressive. Thus, a unilateral tumor that has not 
broken through the capsule and has not spread has an 
excellent prognosis (up to 96% cure rate) by simple 
salpingo-oophorectomy. These neoplasms are radiosen- 
sitive, and even those that have extended beyond the 
ovary can generally be controlled or eradicated by such 
therapy, yielding an overall five-year survival rate be- 
tween 70 and 90%. 


Endodermal Sinus (Yolk Sac) Tumor 


This tumor is rare but is the second most frequent 
malignant tumor of germ cell origin. Its derivation from 
the extraembryonic yolk sac is now well accepted. '?° 
Like the yolk sac, the tumor is rich in alpha-fetoprotein 
and alpha-l-antitrypsin. Its characteristic histologic fea- 
ture, papillary projections composed of a central blood 
vessel enveloped by immature epithelium, is a recapi- 
tulation of the yolk sac endodermal sinus of Duval.'” 
Conspicuous intracellular and extracellular hyaline 
droplets are present in all tumors and some of these 
can be stained for alpha-fetoprotein by immunoperoxi- 
dase techniques. 

Most patients are children or young women pre- 
senting with abdominal pain and a pelvic mass. The 
tumors grow rapidly and aggressively, and once were 
almost uniformly fatal within two years of diagnosis, but 
recent combination chemotherapy has measurably im- 
proved their outcome. : 


Choriocarcinoma 


More commonly of placental origin, the choriocar- 
cinoma may arise in the ovary from the teratogenous 
development of germ cells. It is generally held that such 
an origin can only be certified in the prepubertal girl, 
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since after this age the neoplasm may well have arisen 
in an ovarian ectopic pregnancy. 

Most ovarian choriocarcinomas exist in combination 
with other germ cell tumors, and pure choriocarcinomas 
are extremely rare. Histologically, they are identical 
with the more common placental lesions (p. 1160). These 
ovarian primaries are ugly tumors that generally have 
metastasized widely through the bloodstream to the 
lungs, liver, bone, and other viscera by the time of 
diagnosis. 

As with all choriocarcinomas, they elaborate high 
levels of chorionic gonadotropins that are sometimes 
helpful in establishing the diagnosis or in highlighting 
recurrences. In contrast to choriocarcinomas arising in 
placental tissue, those arising in the ovary are highly 
fatal cancers. 


Other Germ Cell Tumors 


These include (1) embryonal carcinoma, another 
highly malignant tumor of primitive embryonal ele- 
ments, histologically similar to tumors arising in the 
testes (p. 1094); (2) polyembryoma, a malignant tumor 
containing so-called “embryoid bodies” (p. 1094); and 
(3) mixed germ cell tumors containing various combina- 
tions of dysgerminoma, teratoma, endodermal sinus 
tumor, and choriocarcinoma. 


SEX CORD-STROMAL TUMORS 


Included within this category are all ovarian neo- 
plasms originating either from the sex cords of the 
embryonic gonad (which precede the differentiation of 
gonadal mesenchyme into male or female) or from the 
stroma of the ovary.'® Thus, granulosa cell, theca cell, 
and luteal cell neoplasms having such _ histogenetic 
origins fall within this category. Moreover, since theca 
cells are the source of ovarian steroids, many of these 
neoplasms are functional and have feminizing effects.'° 
The embryonic sex cords may differentiate along mas- 
culine lines to give rise to Sertoli-Leydig cell tumors, 
also known as androblastomas or arrhenoblastomas. 
However, some of these Sertoli-Leydig cell tumors 
either have no function or have estrogenic effects. 


Granulosa-Theca Cell Tumors 


This designation embraces ovarian neoplasms com- 
posed of varying proportions of granulosa cells and theca 
cells, which may be luteinized. At one end of the 
spectrum are tumors composed almost entirely of gran- 
ulosa cells, and at the other are pure thecomas. Collec- 
tively, these neoplasms account for about 5% of all 
ovarian tumors. Although they may be discovered at 
any age, approximately two-thirds occur in postmeno- 
pausal women. 


Granulosa cell tumors are usually unilateral and vary 
from microscopic foci to large, solid, and cystic encapsulated 
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Figure 24-53. Granulosa cell tumor with cuboidal epithelial cells. 


masses up to 20 to 30 cm in diameter. Generally, they range 
from about 5 to 10 cm in diameter. Tumors that are endo- 
crinologically active have a yellow coloration to their cut 
surfaces, produced by contained lipids, and in the most 
active tumors, such as the relatively pure thecomas, the 
coloration may be a bright orange-yellow. The pure theco- 
mas are solid-firm tumors. 

The granulosa-cell component of these tumors takes 
one of many histologic patterns. The small, cuboidal-to- 
polygonal, epithelial-appearing follicle cells may grow in 
anastomosing cords, sheets, or strands. In occasional cases, 
small, distinctive, glandlike structures are produced that are 
filled with an acidophilic material (Call-Exner bodies) (Fig. 
24-53). When these structures are evident, the diagnosis is 
rendered considerably more simple. In the thecoma com- 
ponent, the cells may be disposed in large sheets of cuboi- 
dal-to-polygonal cells that gradually change into plump spin- 
dle cells resembling the theca lutein cells. The theca cells, 
in turn, blend rather deceptively with the surrounding stroma 
of the ovary. 

The variation in architectural pattern of these tumors 
makes it quite difficult, in certain instances, to determine 
whether the cells are granulosal in nature or are more like 
theca cells. Pure thecomas are composed of large sheets 
or poorly defined areas of plump spindle cells that closely 
resemble those of the fibroma (Fig. 24-54). The distinction 
between the theca cell and the fibrocyte cannot be made 
with certainty. Characteristically, theca cells contain sudan- 
ophilic droplets, many of which can be proved by special 
procedures to give the staining reaction of lipid steroids. 
Ultrastructurally, thecoma cells resemble fibroblasts but have 
larger numbers of lipid droplets. However, only clinical or 
biochemical evidence of hormone production by the tumor 
distinguishes functional theca cells from fibroblasts. 

Most predominantly granulosa cell patterns contain only 
a scant amount of lipid substance, and most of these tumors 
are relatively inactive endocrinologically. The finding is con- 
sonant with the well-established belief that the granulosa 
cell of the ovarian follicle does not produce the estrogens, 
but rather that the endocrinologic activity of the follicle 
resides in the theca cells. 
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Figure 24-54. Theca luteoma composed of plump, differentiated 
stromal cells. Note resemblance to a fibroma. (Courtesy of Dr. 
Arthur Hertig and Armed Forces Institute of Pathology.) 


These mesenchymal tumors have clinical impor- 
tance for two reasons: (1) their potential elaboration of 
large amounts of estrogen and (2) the definite hazard of 
malignancy in the granulosa cell forms. Functionally 
active tumors (usually those having a large thecal com- 
ponent) may produce precocious sexual development in 
prepubertal girls. In adult women, the elaboration of 
estrogens leads to a variety of important consequences, 
including endometrial hyperplasia, cystic disease of the 
breast, breast carcinoma, and endometrial carcinoma. !™ 
About 10 to 15% of patients with steroid-producing 
tumors eventually develop an endometrial carcinoma. 
In the postmenopausal woman with a functionally active 
tumor, the incidence of endometrial carcinoma may be 
as high as 25%. Occasional granulosa cell tumors pro- 
duce androgens, virilizing the patient. 

The additional clinical significance of these tumors 
lies in the fact that all are potentially malignant. It is 
not implied that a benign tumor becomes malignant 
but, rather, that granulosa cell neoplasms range de novo 
from those that are benign to those that are overtly 
cancerous. It is difficult, from the histologic evaluation 
of granulosa cell tumors, to predict their biologic be- 
havior.’ The estimates of clinical malignancy (recur- 
rence, extension) range from 5 to 25%, but recurrences 
are amenable to surgical therapy. Recurrences are 
within the pelvis and abdomen and may appear many 
years (10 to 20) after removal of the original tumor. The 
ten-year survival rate is approximately 85%. Tumors 
composed predominantly of theca cells are almost never 
malignant. 
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Fibromas arising in the ovarian stroma are a rela- 
tively common form of ovarian neoplasm and account 
for about 5% of all types. Some are pure fibromas, but 
others contain theca elements and are termed fibrothe- 
comas. Pure fibromas are nonfunctioning. 


The fibromas of the ovary are unilateral in about 90% 
of cases and usually are solid, spherical, or slightly lobulated, 
encapsulated, hard, gray-white masses covered by glisten- 
ing, intact ovarian serosa (Fig. 24-55). Commonly, they 
have a diameter of 5 to 10 cm when excised, but larger 
masses have been described. Histologically, they are com- 
posed of well-differentiated fibroblasts having a more or less 
scant collagenous connective tissue interspersed between 
the cells. The cells are uniform and mature, and mitotic 
figures are, on the whole, uncommon. Rare mitoses may be 
found in completely benign lesions. 


In addition to the characteristic nonspecific findings 
of pain, pelvic mass, and possibly intestinal disturbances 
due to pressure, ascites is found in about 40% of cases 
in which the tumors measure more than 6 cm in 
diameter. The genesis of the ascites in these cases is 
obscure. Uncommonly, these patients with ascites also 
have hydrothorax, usually only of the right side. This 
combination of findings, i.e., ovarian tumor, hydro- 
thorax, and ascites, is designated “Meigs syndrome.” 
This curious association of ovarian neoplasm with ab- 
dominal and pleural fluid has also been reported in 
other forms of ovarian neoplasms, but not in the same 
high incidence as with fibromas. An awareness of Meigs’ 
syndrome is of clinical importance, because all too 
frequently the findings of ovarian tumor, ascites, and 
pleural fluid are interpreted as indicative of a malignancy 
with peritoneal and pleural metastases. Rare fibrous 
tumors with few or more mitotic figures per ten high- 
power fields have a malignant course and are regarded 
as fibrosarcomas.!*° 


Figure 24—55. Large bisected fibroma of ovary apparent as a white, 
firm mass. 


4154 


Sertoli-Leydig Cell Tumors (Androblastoma, 
Arrhenoblastoma) 
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These tumors recapitulate, to a certain extent, the 
cells of the testis at various stages of development.'”’ 
They commonly produce masculinization or at least 
defeminization, but a few have estrogenic effects. They 
occur in women of all ages and have been recorded as 
early as the first decade of life, although the peak 
incidence is in the second and third. When masculin- 
izing, they inhibit ovulation and are responsible for 
sterility. Virilization is usually associated with increased 
urinary excretion of 17-ketosteroids but in some patients 
the levels are not unusually high or may even be normal, 
and the elaboration of small amounts of more potent 
testosterone is postulated. The embryogenesis of such 
male-directed stromal cells remains a puzzle, and it can 
be only theorized that it represents masculine differ- 
entiation of the mesenchyme derived from the embry- 
onic “ambisextrous’ primitive gonads. 


These tumors are unilateral and resemble granulosa- 
theca cell neoplasms. The cut surface is usually gray-white 
and solid. Larger tumors may have areas of hemorrhage 
and necrosis and sometimes small cysts. 

Histologically, they present a great variation in cytologic 
detail, so much so that it is difficult at times to establish the 
identity of this neoplasm unless clear clinical evidence of 
masculinization is present. The well-differentiated tumors 
exhibit tubules composed of Sertoli cells or Leydig cells 
interspersed with stroma. The intermediate forms show only 
outlines of immature tubules and large eosinophilic Leydig 
cells. The poorly differentiated tumors have a sarcomatous 
pattern with a disorderly disposition of epithelial cell cords 
(Fig. 24-56). Leydig cells may be absent. Heterologous 
elements, such as mucinous glands, bone, and cartilage, 
may be present in some tumors.'’’ 


The incidence of recurrence or metastasis by Ser- 
toli-Leydig cell tumors is less than 5%. These neoplasms 
may cause defeminization of adult females manifested 
by atrophy of the breasts, amenorrhea, and loss of hair. 
This syndrome may progress to striking virilization, i.e., 
hirsutism, male distribution of hair, hypertrophy of the 
clitoris, and lowering of the voice. In the prepubertal 
child, the tumors block normal female sexual develop- 
ment and eventually lead to virilization. 


Other Sex Cord-Stromal Tumors 


Hilus cell tumor (pure Leydig cell tumor) is rare 
and is characterized histologically by large, lipid-laden 
cells with distinct borders and a granular cytoplasm, 
and clinically by evidence of masculinization, with hir- 
sutism, voice changes, and clitoral enlargement. Be- 
cause the cells contain lipochrome pigment as well as 
Reinke crystals resembling those of the testicular inter- 
stitial cells, it is thought that the tumor is derived from 
the hilus cells of the ovary. The tumors are unilateral. 
The most consistent laboratory finding is an elevated 
17-ketosteroid excretion level unresponsive to cortisone 
suppression. Treatment is surgical excision. True hilus 
cell tumors are almost always benign. Occasionally such 


Figure 24—56. Sertoli-Leydig cell tumor growing in poorly developed 
cords that are not distinctive or pathognomonic. (Courtesy of Dr. 
Arthur Hertig and Armed Forces Institute of Pathology.) 
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pure Leydig cell tumors occur in the stroma, not in the 
hilus (nonhilar Leydig cell tumor). 

Lipid cell tumor is an imprecise term used for 
ovarian tumors with large, vacuolated cells that cannot 
be clearly categorized as Leydig cell tumors (hilar or 
stromal), stromal luteoma, or pregnancy luteoma. Ma- 
lignancy is found in 25% of such tumors, but no histo- 
logic criteria have proved useful in predicting their 
metastatic potential. They are frequently virilizing. 

Stromal luteoma is a small, benign tumor rarely 
over 3 cm in diameter composed of pure lutein cells. 
The tumor may produce the clinical effects of androgen, 
estrogen, or progestogen stimulation. 

Pregnancy luteoma is a specific lesion, almost cer- 
tainly not a neoplasm, occurring in women in the last 
trimester of pregnancy or immediately post partum. The 
cells resemble those of the corpus luteum of pregnancy, 
being large and eosinophilic but with little fat. They 
have been associated with virilization in patients and in 
female infants born to some of the patients. 

Gonadoblastoma is an uncommon tumor thought 
to be composed of germ cells and sex cord—stroma 
derivatives.’ It occurs in individuals with abnormal 
sexual development and in gonads of indeterminate 
nature. Patients usually present with amenorrhea, viril- 
ization, and abnormal genitalia. Eighty per cent are 
phenotypic females and 20% are phenotypic males with 
undescended testicles and female internal secondary 
organs. This neoplasm has also been observed in her- 
maphrodites and among phenotypic females with normal 
menstrual cycles. All patients are under 30 years of age. 
The tumor is solid and often shows calcifications that 
may be detected radiologically. Microscopically, it con- 
sists of nests of a mixture of germ cells and sex cord 
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Figure 24-57. A, Bilateral Krukenberg tumors of ovary metastatic from stomach. B, Krukenberg 
tumor of ovary, illustrating signet-ring forms dispersed through fibrous stroma. 


derivatives resembling immature Sertoli and granulosa 
cells. A coexistent dysgerminoma occurs in 50% of the 
cases. The prognosis is excellent if the tumor is com- 
pletely excised. 


METASTATIC TUMORS 


The ovary is more often involved by metastatic 
processes than any of the other pelvic genital organs. !° 


Toxemia of Pregnancy (Preeclampsia and 
Eclampsia) 

inflammations 

Spontaneous Abortion 

Ectopic Pregnancy 


Choriocarcinoma 


This discussion concerns itself only with disorders 
of the placenta in which a knowledge of the morphologic 
lesions contributes to an understanding of the clinical 
problem. 


TOXEMIA OF PREGNANCY 
(PREECLAMPSIA AND ECLAMPSIA) 


Toxemia of pregnancy refers to a symptom complex 
characterized by hypertension, proteinuria, and edema 
(preeclampsia). It occurs in about 6% of pregnant 
women, usually in the last trimester, and more com- 


Three groups of malignancies contribute to high inci- 
dence: carcinomas arising within the other pelvic organs; 
carcinomas arising in the upper gastrointestinal tract, 
i.e., stomach, biliary tract, and pancreas; and carcinoma 
of the breast. The term Krukenberg tumor is sometimes 
applied to bilateral metastatic ovarian tumors composed 
of mucin-producing, signet-ring cancer cells, and the 
vast majority of such metastases are of gastric origin and 
cause massive enlargement of the ovaries (Fig. 24-57). 


Placental Diseases 


Gestational Trophoblastic Neoplasms (GTN) 
Hydatidiform mole 
Invasive mole (chorioadenoma destruens) 


Placental site trophoblastic tumor 


monly in primiparas than in multiparas. Certain of these 
patients become more seriously ill, developing frank 
coma, and some have episodes of convulsions. To this 
more severe form, the term eclampsia is applied. Pa- 
tients with eclampsia develop disseminated intravascu- 
lar coagulation (DIC) with lesions in the liver, kidneys, 
heart, placenta, and sometimes the brain. This is not 
true of all cases. Moreover, there is no absolute corre- 
lation between the severity of eclampsia and the mag- 
nitude of the anatomic changes. 

PATHOGENESIS. The many theories on the nature 
of toxemia of pregnancy’ are beyond our scope, and 
only brief comments will be made on the two events 
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that seem to be of prime importance in this disorder: 
hypertension and DIC. 

The mechanism of toxemic hypertension appears to 
involve the renin-angiotensin mechanism and _ prosta- 
glandins. Normal pregnant women develop a resistance 
to the vasoconstrictive and hypertensive effects of an- 
giotensin, but women with toxemia lose such resistance, 
developing a tendency to hypertension. Prostaglandin 
E, produced in the uteroplacental vascular bed during 
pregnancy, is thought to mediate the normal resistance 
of pregnant women to angiotensin, and prostaglandin 
production is indeed decreased in the placenta of tox- 
emic women. Thus, the increase in angiotensin hyper- 
sensitivity, characteristic of toxemia, may be due to 
decreased synthesis of prostaglandin. There is also evi- 
dence that renin production by the toxemic placenta is 
increased, another potentially vasoconstrictive event. 

The initial cause of the hormonal disturbances 
(decreased prostaglandins, increased renin) by the pla- 
centa is unclear, but clinical and experimental data 
suggest that reduced ureteroplacental blood flow and 
consequent placental ischemia are early events that 
mark the critical point for the development of symptoms 
and lesions of eclampsia.'"! A possible explanation for 
such reduced flow may lie in the vascular changes 
occurring in the uterine spiral arteries, consisting of 
fibrinoid necrosis and accumulation of foamy macro- 
phages in the necrotic vessel wall, a condition called 
acute atherosis (Fig. 24-58). Because these vascular 
changes are similar to those that occur in immunologic 
reactions (such as allograft rejection), an immunologic 
basis for the initial vascular lesion in uteroplacental 


Figure 24-58. Acute atherosis of vessels in an eclamptic placenta. 
Note foamy subendothelial macrophages. 


vessels has been suggested. A speculative sequence of 
events would then be as follows: immunologic injury to 
uterine vessels > placental ischemia — increased renin 
and decreased prostaglandin production — increased 
sensitivity of arterioles to angiotensin —> hypertension. 
The hypertension itself may then lead to further vascular 
changes and a vicious cycle. 

As to the pathogenesis of DIC in toxemia, it is 
thought that the coagulation system in pregnancy is 
under constant activation by slow release of thrombo- 
plastic material from the placenta. During toxemia the 
ischemic placenta leads to a higher output of thrombo- 
plastic substances and overt intravascular coagulation. 
The characteristic lesions in eclampsia are in large part 
due to thrombosis of arterioles and capillaries through- 
out the body, particularly in the liver, kidneys, brain, 
pituitary, and placenta. 


MORPHOLOGY. The liver lesions, when present, take 
the form of irregular, focal, subcapsular, and intraparenchy- 
mal hemorrhages. On histologic examination, there are fibrin 
thrombi in the portal capillaries with foci of characteristic 
peripheral hemorrhagic necrosis. These foci of necrosis are 
accompanied by an inflammatory reaction. '*? 

The kidney lesions are variable. Glomerular lesions are 
diffuse, at least when assessed by electron microscopy. 
These consist of striking swelling of endothelial cells, the 
deposition of fibrinogen-derived amorphous dense deposits 
on the endothelial side of the basement membrane, and 
mesangial cell hyperplasia. Immunofluorescent studies con- 
firm the abundance of fibrin in glomeruli. In the more well- 
defined cases, fibrin thrombi are present in the glomeruli 
and capillaries of the cortex. These lead to microinfarcts 
throughout the cortex. When the lesion is far advanced, it 
may produce complete destruction of the cortex in the pattern 
referred to as bilateral renal cortical necrosis (p. 1050). 

The brain may have gross or microscopic foci of hem- 
orrhage along with small-vessel thromboses. Similar 
changes are often found in the heart and the anterior 
pituitary. It is entirely possible that this type of vascular 
lesion may account for significant degrees of pituitary 
infarction to reproduce the entity Known as Sheehan's post- 
partum pituitary necrosis (p. 1198). 

The placenta is the site of variable changes.'** '** The 
principal alterations may be interpreted as premature aging. 
Occasionally, this overall pattern is accompanied by large, 
pale, retracted areas of infarction that affect whole cotyle- 
dons or only a part of one. The aging changes consist 
principally of an accentuated atrophy of the syncytial tropho- 
blast during the last trimester. Normally in the first two 
trimesters of pregnancy, the villi are covered by fairly evenly 
distributed cytotrophoblast and syncytiotrophoblast. In the 
last trimester, the syncytiotrophoblast undergoes atrophy so 
that it is disposed unevenly about the villi to create areas 
devoid of syncytium punctuated by small, piled-up masses 
of trophoblast—the so-called syncytial knots. In the normal 
process of maturation and aging of the placenta during the 
last trimester, about one-third of the villi pass through this 
phase of epithelial atrophy. However, in eclampsia, this 
alteration may affect as many as 90 to 100% of the villi. 
These alterations are often accompanied by capillary throm- 
boses and, once in a while, by florid alterations in the walls 
of the small vessels characterized by fibrinoid necrosis and 
intramural lipid deposition (acute atherosis) (Fig. 24—58). 


CLINICAL Course. Preeclampsia usually starts after 
the 32nd week of pregnancy, but begins earlier in 
patients with hydatidiform mole, or when there is 
preexisting kidney disease or hypertension. The onset 
is usually insidious, characterized by hypertension and 
edema, with proteinuria following within several days. 
Headaches, visual disturbances, abdominal distress, and 
a sense of apprehension are common. Eclampsia is 
heralded by central nervous system involvement, in- 
cluding convulsions and eventual coma. Mild and mod- 
erate forms of eclampsia can be controlled by bed rest, 
a balanced diet, and antihypertensive agents, but ter- 
mination of pregnancy is the only definitive treatment 
of established preeclampsia and eclampsia. Preeclampsia 
remains one of the leading causes of death among 
obstetric patients, but mortality can be dramatically 
reduced by proper prenatal care and management of 
preeclampsia and its complications. Proteinuria and 
hypertension usually disappear within one or two weeks 
after delivery, except in patients whose proteinuria and 
hypertension predated the pregnancy. '” 


INFLAMMATIONS 


Bacterial infections may occur in the placenta (pla- 
centitis) and in the fetal membranes (chorioamnioni- 
tis).'“® In most instances these bacterial invasions arise 
as ascending infections through the birth canal, and in 
almost all such instances premature rupture of the 
membranes provides the portal of entry for the orga- 
nisms. The hazard of infection is much increased by 
prolapse of the umbilical cord or one of the extremities. 
However, bacterial infections may also be introduced in 
the course of an induced abortion. Very uncommonly, 
bacterial infections of the placenta and fetal membranes 
may arise by the hematogenous spread of bacteria, and 
under these circumstances the fetal membranes may be 
intact. The amniotic fluid is cloudy and contains puru- 
lent exudate. The chorioamnion, when involved, is 
thickened and opalescent, and histologically is the site 
of a leukocytic polymorphonuclear infiltration with ac- 
companying edema and congestion of the vessels. When 
the infection extends beyond the membranes, it may 
involve the placental villi with similar inflammatory 
changes. The vessels often have acute vasculitis. In 
general, in the usual form of chorioamnionitis encoun- 
tered in induced abortions, the infection is limited to 
the fetal membranes. 

Syphilis at one time was not uncommon in the 
placenta. It is very rare at present. It is characterized 
by enlargement of the placenta caused by bulbous 
swelling and fibrosis of the villi. Histologically, there is 
plasma cell and lymphocytic infiltration, but the lesions 
are not specific for syphilis. 

Tuberculous infections of the placenta are almost 
invariably initiated by hematogenous miliary tubercu- 
losis. Although such placental seeding is an infrequent 
localization of miliary tuberculosis, it provides the pos- 
sible genesis for the development of congenital tuber- 
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culosis in the offspring. Listeriosis, toxoplasmosis, can- 
didiasis, and various viral (rubella, cytomegalovirus, 
herpes simplex) and mycoplasma infections can also 
affect the placenta. 

Villous inflammation may occur without obvious 
cause, but infections or environmental factors are sus- 
pected. '*” 


SPONTANEOUS ABORTION 


Approximately 15% of pregnancies terminate in 
spontaneous abortion, most often in the 10th to 13th 
weeks of gestation. The term abortion implies miscar- 
riage of a pregnancy of less than six months’ gestation. 
Spontaneous abortion represents the natural processes 
of selection whereby defective ova and fetuses that are 
either nonviable or have reduced viability are shed. 
Thus, fetuses that are less defective may survive longer, 
only to die in the last trimester of pregnancy or imme- 
diately following delivery. 

The causes of spontaneous abortion are both fetal 
and maternal. Defective implantation, inadequate to 
support fetal development, or death of the ovum or 
fetus in utero because of some genetic or acquired 
abnormality constitute the major origins of spontaneous 
abortion. Numerous studies have indicated bizarre chro- 
mosomal abnormalities in over one-half of spontaneous 
abortuses.'*® Induced abortions are now commonplace; 
in most of these instances, the abortus is normal. 

Maternal influences are less well understood and 
include vaguely postulated inflammatory diseases, both 
localized to the placenta and systemic, uterine abnor- 
malities, and possibly trauma. The role of trauma is 
generally overemphasized and it must be considered a 
rare-to-exceptional cause of spontaneous abortion. Tox- 
oplasmosis as well as Mycoplasma and viral infections 
have been implicated as causes of abortion, but the 
evidence is equivocal. 

The morphologic changes depend, of course, on 
the time interval between fetal death and passage of the 
products of conception.'*'>! Generally, there are focal 
areas of decidual necrosis with intense neutrophilic 
infiltrations, thromboses within decidual blood vessels, 
and considerable amounts of hemorrhage, both recent 
and old, within the necrotic decidua. The changes 
encountered in the ovum or fetus are highly variable. 
In many spontaneous abortions, no fetal products can 
be identified. In others, the fetus has undergone almost 
total autolysis. Placental villi may be markedly distended 
with fluid and devoid of blood vessels (hydropic degen- 
eration of placenta). Such changes are interpreted as a 
blighted ovum, with failure of development of fetal 
circulation within the villus leading to the pregressive 
accumulation of hydropic fluid. 

As indicated earlier, chromosomal studies often 
yield striking abnormalities in many of the defective 
fetuses. Such studies are recommended in three circum- 
stances: (1) habitual or recurrent abortion; (2) after 
prenatal diagnosis of karyotypic abnormality; and (3) 
when there is a malformed fetus. 
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ECTOPIC PREGNANCY 


Ectopic pregnancy is the nonspecific term applied 
to implantation of the fetus in any site other than normal 
uterine location. The most common abnormal location 
is within the tubes (approximately 90%). The other, far 
less frequently involved sites are the ovary, the abdom- 
inal cavity, and the intrauterine portion of the fallopian 
tube (interstitial pregnancy). Ectopic pregnancies are 
by no means uncommon and occur about once in every 
150 pregnancies. The most important pathologic condi- 
tion predisposing to ectopic pregnancy is chronic salpin- 
gitis, commonly of gonococcal origin. Other predispos- 
ing factors include peritubal adhesions due _ to 
appendicitis or endometriosis, leiomyomas, previous 
surgery, and benign tubular tumors and cysts. Fifty per 
cent, however, occur in tubes that are apparently nor- 
mal. These have been ascribed to functional distur- 
bances of tubal physiology, delayed ovulation, and other 
factors. In women with intrauterine contraceptive de- 
vices, almost 5% of all pregnancies (contraceptive fail- 
ures) are ectopic. 

Ovarian pregnancy is presumed to result from the 
rare fertilization and trapping of the ovum within the 
follicle just at the time of its rupture. Abdominal preg- 
nancies may develop when the fertilized ovum drops 
out of the fimbriated end of the tube. In all these 
abnormal locations, the fertilized ovum undergoes its 
usual development with the formation of placental tis- 
sue, amniotic sac, and fetus, and the host implantation 
site develops decidual changes. 

In tubal pregnancy the placenta is poorly attached 
to the wall of the tube. Intratubal hemorrhage may thus 
occur from partial placental separation without tubal 
rupture (Fig. 24-59). Tubal pregnancy is the most 
common cause of hematosalpinx, and when such intra- 
tubal hemorrhage is found, this underlying cause should 
always be suspected. More often the burrowing, inva- 
sive placental tissue invades the wall, weakens the tubal 
wall, and causes tubal rupture and intraperitoneal hem- 
orrhage. This is the usual fate of tubal pregnancies, 
commonly occurring two to six weeks after onset of 
pregnancy. Less commonly, the tubal pregnancy may 
undergo spontaneous regression due to the poor placen- 
tal attachment, leading to necrosis of the products of 
conception, followed by proteolytic digestion, and re- 
sorption of the entire gestation. 

Still less commonly, the tubal pregnancy is ex- 
truded through the fimbriated end into the abdominal 
cavity (tubal abortion). Under these circumstances, the 
placenta may retain its original site of attachment within 
the tube or may follow the fetus and become implanted 
on adjacent intrapelvic or intra-abdominal structures. 
The capacious abdominal cavity may then permit the 
full-term development of the fetus, but fetal mortality 
is 90%. 

The clinical course of the usual form of ectopic 
pregnancy is punctuated by the onset of severe abdom- 
inal pain when rupture of the tube leads to a pelvic 
hemorrhage. Very often, with tubal rupture, the pa- 
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Figure 24-59. Tubal pregnancy with marked dilatation and rupture 
of distal end of tube by the contained pregnancy and subsequent 
hemorrhage. 


tients rapidly pass into a shocklike state, accompanied 
by all the classic signs of an acute abdomen. Early 
diagnosis becomes critical. Physical examination may 
disclose the tenderness in the tubal regions as well as 
an apparent tubal mass. In only about half the cases, 
pregnancy tests are positive. The diagnosis sometimes 
can also be supported by aspiration of fresh blood from 
the pouch of Douglas through the posterior vaginal 
fornix. The most effective diagnostic approach is to carry 
out laparoscopy or culdoscopy almost immediately on 
patients suspected of having ectopic pregnancy. 

Endometrial biopsy may be helpful. Decidual 
changes develop here in less than half the cases and, in 
the absence of chorionic villi, are consistent with ectopic 
pregnancy. It must be remembered that rupture of a 
tubal pregnancy constitutes a major medical emergency, 
since about one in 400 of these patients dies before the 
hemorrhage can be controlled. 


GESTATIONAL TROPHOBLASTIC 
NEOPLASMS (GTN) 


These conditions constitute a spectrum of tumors 
characterized by proliferation of pregnancy-associated 
trophoblastic tissue of progressive malignant potential. 
The lesions include the benign hydatidiform mole, the 
invasive mole (chorioadenoma destruens), and the 


frankly malignant choriocarcinoma.'? GTN are impor- 
tant for the following reasons: (1) the benign mole is a 
common complication of gestation, occurring about once 
in every 2000 pregnancies; (2) it has become possible, 
by monitoring the circulating levels of human chorionic 
gonadotropin (HCG), to determine the early develop- 
ment of the more malignant forms; and (3) choriocarci- 
noma, once a dreaded and uniformly fatal complication, 
is now highly responsive to chemotherapy in most cases. 


HYDATIDIFORM MOLE 


Hydatidiform mole is a cystic, hydropic swelling of 
the chorionic villi, accompanied by variable hyperplastic 
and anaplastic changes in the chorionic epithelium. An 
embryo or fetus is only exceptionally present. The most 
important reason for the correct recognition of true 
moles is that they are the most common precursors of 
choriocarcinoma.'**-!*= Most patients present at the 
fourth or fifth month of pregnancy with vaginal bleeding 
and with a uterus that is usually, but not always, larger 
than expected for the duration of pregnancy. 

INCIDENCE. These moles can occur at any age during 
active reproductive life, but the risk is increased in 
pregnant women between the ages of 40 and 50. For 
poorly explained reasons, the incidence varies consid- 
erably in different regions of the world: one in 2000 
pregnancies in the U.S. but as many as one in 120 to 
200 in Taiwan, the Philippines, and India. 

PATHOGENESIS. Many factors have been implicated 
in the causation of moles and gestational trophoblastic 
disease. The geographic distribution alluded to above 
has suggested both dietary and genetic components. An 
early theory of Hertig and Mansell'** postulated that a 
mole represented an accentuation of the hydropic swell- 
ing encountered in a blighted ovum, possibly because 
the mole is not delivered until the fourth or fifth month 
of gestation. Cytogenetic studies of moles show that 
over 90% have 46XX diploid patterns.’°° Chromosome 
banding patterns of cells from molar tissues and both 
parents strongly suggest that the entire chromosome 
complement of the mole comes from the sperm, a 
phenomenon termed androgenesis.'"’ The possible 
mechanism of androgenesis and how it may lead to mole 
formation are now being explored. Whatever the path- 
ogenesis, the favorite concept today is that the mole is 
a true neoplasm and that the trophoblastic lesions are 
a spectrum of tumors with increasing malignant poten- 
tial.'°° In support of the theory of the neoplastic nature 
of moles are cytogenetic studies showing that aneuploidy 
in these tumors is associated with aggressive behavior. !* 


MORPHOLOGY. In most instances, hydatid moles de- 
velop within the uterus, but they may occur in any ectopic 
site of pregnancy. When discovered, usually in the fourth or 
fifth month of gestation, the uterus is usually larger (but may 
be normal, or even smaller) than anticipated for the duration 
of the pregnancy. The uterine cavity is filled with a delicate, 
friable mass of thin-walled, translucent, cystic, grapelike 
structures (Fig. 24-60). Careful dissection may disclose a 
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Figure 24-60. Hydatidiform mole. Uterus is filled with the classic 
mass of grapelike clusters. (Courtesy of Dr. Arthur Hertig. From 
Anderson, W.A.D.: Textbook of Pathology. St. Louis, C. V. Mosby 
Co., 1971.) 


small, usually collapsed amniotic sac. Even when the sac is 
intact and filled with fluid, no ovum or, at best, only a small 
blighted nubbin representing the ovum can be demonstrated. 
Theca lutein cysts are found in the ovaries bilaterally in 
about one-fifth of these cases. 

Microscopically, the mole shows hydropic swelling of 
chorionic villi, virtual absence or inadequate development of 
vascularization of villi, and variable degrees of hyperplasia 
and anaplasia of the chorionic epithelium. The central sub- 
stance of the villi is a loose, myxomatous, edematous 
stroma, and they may be covered by a thin layer of chorionic 
epithelium, both cytotrophoblast and syncytial trophoblast 
(Fig. 24-61). 

At the opposite end of the spectrum are moles having 
similar cystic dilation of villi, accompanied, however, by 
striking proliferation of the chorionic epithelium to produce 
sheets and masses of both cuboidal and syncytial cells. The 
degree of hyperplasia and anaplasia of epithelium varies 
considerably and may be difficult to grade, since even normal 
epithelium is characterized by marked variability in cell 
morphology. Nevertheless, according to Driscoll,'** moles 
can be subdivided into three grades of increasing atypia, 
decreasing differentiation, and generally worsening prog- 
nosis. This grading can be correlated with gonadotropin 
secretion and is generally predictive of responsiveness to 
chemotherapy. '*° 

The term incomplete or partial mole deserves some 
comment. This refers to the presence of diffuse and massive 
villous edema without trophoblastic proliferation occur- 
ring in the presence of a fetus or amnion in specimens from 
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Figure 24-61. Hydatidiform mole. Histologic appearance of cysti- 
cally edematous villi. 


spontaneous abortions. In contrast to true moles, partial 
moles have:a triploid karyotype and are rarely followed by 
choriocarcinoma.'™ 


CLINICAL COURSE. Most patients have abnormal 
uterine bleeding that usually begins early in the course 
of the pregnancy and is frequently accompanied by the 
passage of a thin, watery fluid and bits of tissue seen as 
small, grapelike masses. The uterine enlargement is 
more rapid than anticipated. No fetus can be palpated 
or visualized radiographically, but ultrasound examina- 
tion permits a definite diagnosis in most cases. 

In the classic case, quantitative analysis of HCG 
shows levels of hormone in both blood and urine greatly 


exceeding those produced by a normal pregnancy of 


similar age. Serial hormone determinations will indicate 
a rapidly mounting level that climbs faster than the 
usual normal single or even multiple pregnancies. 
Once the diagnosis is made, the mole must be 
removed by thorough curettage. In patients over 35 not 
desirous of further childbearing, hysterectomy is advo- 
cated by most gynecologists. The course following cu- 
rettage alone depends on the malignant potential of the 
removed uterine contents. From many studies, it is 
clear that at least 80% of these moles remain benign 
and give no further difficulty. The remaining 20%, 
including those falling into the category of invasive mole, 
may cause further complications. The incidence of the 
development of choriocarcinoma in hydatidiform moles 
is not greater than 2 to 3%. Prophylactic chemotherapy 


probably diminishes this incidence further but is not 
widely advocated, since a proper follow-up program 
should promptly detect malignant transformations in 
their early curable phase. The most critical factor in 
such follow-up is periodic determination of HCG levels. 
A rise in such levels for the B subunit of the hormone 
heralds complications such as persistence of molar frag- 
ments or, more ominously, the development of invasive 
mole or choriocarcinoma. 


INVASIVE MOLE (CHORIOADENOMA 
DESTRUENS) 


This is defined as a cellular invasive mole that 
penetrates and may even perforate the uterine wall. 
There is invasion of the myometrium by well-developed 
embryonic villi, accompanied by proliferation of both 
cuboidal and syncytial chorionic epithelial components. 
The tumor is locally destructive and may invade para- 
metrial tissues. Hydropic villi may embolize to distant 
sites such as lungs and brain but do not grow in these 
organs as true metastases, and even before the advent 
of chemotherapy they eventually regressed. Clinically, 
the tumor is manifested by vaginal bleeding and irreg- 
ular uterine enlargement. It is always associated with a 
persistently elevated chorionic gonadotropin level and 
varying degrees of luteinization of the ovaries. The 
tumor responds very well to chemotherapy. Although 
it is biologically benign, rupture of the uterus may lead 
to hemorrhage, sepsis, and even death. 


CHORIOCARCINOMA 


Gestational choriocarcinoma is an epithelial malig- 
nancy of trophoblastic cells derived from any form of 
previous normal or abnormal pregnancy. Although most 
cases arise in the uterus, ectopic pregnancies provide 
extrauterine sites of origin. Choriocarcinoma should be 
differentiated from the locally invasive but nonmetas- 
tasizing forms of trophoblastic disease such as invasive 
mole and placental site trophoblastic tumor (p. 1162), 
because the choriocarcinoma is one of the most rapidly 
invasive, widely metastasizing malignancies. 

INCIDENCE. This is, fortunately, an uncommon con- 
dition that arises in probably not more than one in 
20,000 to 30,000 pregnancies in the U.S. It is much 
more frequent in some Asian and African countries, 
e.g., one in 2500 pregnancies in Ibadan. It is preceded 
by the following conditions: 50% arise in hydatidiform 
moles, 25% in previous abortions, approximately 22% 
in normal pregnancies, and the rest in ectopic pregnan- 
cies and genital and extragenital teratomas. (It should 
be realized that choriocarcinomas may also occur in 
males.) It can be further computed that about one in 40 
hydatidiform moles may be expected to give rise to a 
choriocarcinoma, in contrast to one in approximately 
150,000 normal pregnancies. It is evident, then, that 
the more abnormal the pregnancy, the greater is the 
hazard of the development of this tumor. 


MORPHOLOGY.'®© Choriocarcinoma is a purely epithe- 
lial cellular malignancy that does not produce chorionic villi 
and grows, as do other cancers, by the abnormal proliferation 
of both the cuboidal and syncytial cells of the placental 
epithelium. It is sometimes possible to identify anaplasia 
within such abnormal proliferation replete with abnormal 
mitoses. The tumor invades the underlying myometrium, 
frequently penetrates blood vessels and lymphatics, and in 
some cases extends out onto the uterine serosa and adja- 
cent structures (Figs. 24—62 and 24-63). In its rapid growth, 
it is subject to hemorrhage, ischemic necrosis, and secon- 
dary inflammatory infiltration. From this histologic pattern, 
the characteristic macroscopic features can be deduced. 

Classically, the choriocarcinoma is a soft, fleshy, yellow- 
white tumor with a marked tendency to form large pale areas 
of ischemic necrosis, foci of cystic softening, and extensive 
hemorrhage. This pattern of friable hemorrhagic tissue may 
be encountered as a small area within a previous mole, as 
a small mural mass recurring after previous evacuations of 
the uterus, or less frequently as a large tumor that fills the 
uterine cavity. 

Not uncommonly metastatic, unmistakable choriocarci- 
noma is found in the lungs, bone marrow, liver, and other 
favored sites of spread in the complete absence of a primary 
lesion in the uterus or any extrauterine site. This paradoxical 
situation is encountered not only in the female but also in 
the male when the tumor may be primary in the testis or 
some teratoid tumor. (Immunoperoxidase staining of tumor 
tissue for HCG aids in the histologic diagnosis of such 
aberrant tumors.) Under such circumstances, it is postulated 
that the primary focus undergoes total necrosis and resorp- 
tion after it has metastasized. 


CLINICAL Course. Classically, the uterine chorio- 
carcinoma does not produce a large, bulky mass. It 
becomes manifest only by irregular spotting of a bloody, 


a 
Pir eb sere BE. 
a ee 


Fig. 24-62 


1164 


Placental Diseases 


brown, sometimes foul-smelling fluid. This discharge 
may appear in the course of an apparently normal 
pregnancy, may begin after a miscarriage, or may be- 
come manifest following a curettage for retained prod- 
ucts of conception. Sometimes the tumor does not 
appear until months later. Usually, by the time the 
tumor is discovered locally, x-ray films of the chest and 
bones already disclose the presence of metastatic le- 
sions. The HCG titers are markedly elevated by chorio- 
carcinoma to levels above those encountered in hyda- 
tiditorm moles. When such extreme elevations are 
found, the diagnosis of choriocarcinoma is virtually 
established. However, occasional tumors have been 
recorded as not having produced any hormone, and 
many tumors have become so necrotic as to become 
functionally inactive. The final diagnosis must rest on 
the histologic demonstration of unmistakable cancerous 
invasiveness in the curettings or other tissue biopsies. 

Widespread metastases are characteristic of these 
tumors. Favored sites of involvement are the lungs 
(50%) and vagina (30 to 40%), followed in descending 
order of frequency by the brain, liver, and kidney. 
However, in the dissemination of this tumor through 
the vascular system, any organ or tissue may be in- 
volved. 

The treatment of trophoblastic neoplasms depends 
on the type and stage of tumor, and includes evacuation. 
of the contents of the uterus, surgery, and chemotherapy 
with methotrexate and actinomycin. Elaborate schemes 
for the “therapeutic” classification of trophoblastic dis- 
ease based on levels of HCG, histology, and clinical 
staging have been devised. One such classification’? 
divides trophoblastic disease into: 


Fig. 24—63 

Figure 24-62. Low-power view of choriocarcinoma of uterine wall showing invasion of underlying 
myometrium. 
Figure 24-63. High-power detail of choriocarcinoma illustrating the two types of epithelial 
cells—cytotrophoblast and syncytiotrophoblast. 
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Stage 0. Molar pregnancy (usually benign mole). 

Stage 1. Trophoblastic neoplasm limited to the 
uterine corpus with persistent HCG elevation. 

Stage 2. Trophoblastic neoplasm outside the uterus 
but confined to the vagina and pelvic structures. 

Stage 3. Trophoblastic neoplasm with metastasis to 
the lung. 

Stage 4. Metastasis to the brain, liver, and other 
organs. 

The results of chemotherapy for gestational chorio- 
carcinoma are indeed spectacular: the protocol used in 
the New England Trophoblastic Disease Center’ '* 
has resulted in up to 100% cure or remission in all 
patients except some who had high-risk metastatic tro- 
phoblastic disease. Many of the cured patients have had 
normal subsequent pregnancies and deliveries. These 
very gratifying results cannot be matched in nongesta- 


tional choriocarcinomas arising in the ovaries and testes 
(p. 1151). 
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PLACENTAL SITE TROPHOBLASTIC TUMOR 


This relatively new term has been suggested to 
encompass conditions previously known as trophoblastic 
pseudotumor, chorioepithelioma, syncytioma and oth- 
ers.'® It refers to the presence of proliferating syncytio- 
trophoblastic tissue deeply invading the myometrium. 
It differs from choriocarcinoma by the absence of cyto- 
trophoblastic elements and by the low level of HCG 
production. Despite their locally invasive histologic 
pattern, most of these lesions are benign and subject to 
cure by curettage. However, a rare malignant variant 
has been reported, identified by a high mitotic index, 
extreme cellularity, extensive necrosis, local spread, or 
even widespread metastases. | 
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THE BREAST 


NORMAL Endocrine Imbalances 
PATHOLOGY 

FEMALE BREAST Fibrosis 
Congenital Anomalies 

inflammations 


Acute mastitis and breast abscess 
Mammary duct ectasia (plasma cell 


mastitis; periductal mastitis) disease 
Traumatic fat necrosis Hypertrophy 
Galactocele Tumors 
Granulomas caused by cosmetic Fibroadenoma 


mammary injections 


NORMAL 


EMBRYOLOGY. The breast is a modified skin sweat 
gland that develops into a complex functional structure 
in the female, but remains as a rudimentary organ in 
the male. It arises from an epidermal thickening on the 
ventral surface of the body at approximately the sixth 
week of fetal development. Bilateral ridges (the milk 
line) develop between the upper and lower limb buds. 
These ridges totally atrophy except for several persistent 
thickenings, which later give rise to the nipples. During 
the second trimester of fetal life, cords of cells grow 
downward from the basal layer of the epidermis and 
later give rise to the primary mammary ducts. At first 
solid, the cords eventually develop lumina so that, at 
the time of birth, rudimentary branching ducts are 
present, which fan out in a small area about the region 
of the nipple and the areola. Development of the breast 
is by no means complete at the time of birth. Progressive 
growth and branching of the mammary ducts occur at a 
very slow pace during prepubertal life. Mammary de- 
velopment ceases at about this stage in the male. In the 
female, before the onset of menstruation, the growth 
rate increases with branching of ducts and proliferation 
of the interductal stroma. During adolescence, stromal 
growth is responsible for most of the increases in the 
mass of the breast, but at the same time the terminal 
small ducts give rise to many small, blind, saccular 
outpouchings—rudimentary gland buds. Under the in- 
fluence of the ovarian hormones and the hormones of 
pregnancy, further changes occur, to be described. 

ANATOMY AND HISTOLOGY. Only a few features of 
the gross anatomy, of special interest to pathology, bear 
repetition at this time. It is common to consider each 
breast as a large, single, secretory gland, but in reality 
each is composed of five to nine separate branching 
glands, each of which is totally autonomous and has no 
anastomotic communications with its neighbors. These 
individual glands are wedge-shaped segments. Each 
drains through a separate main excretory or lactiferous 
duct into the nipple. The orifices of these mammary 
ducts are readily identified about the outer margin of 
the nipple. There are up to 20 such orifices in each 
nipple but many are pits ending blindly. The resting 
mammary gland consists of about 20 lobes, each of 
which is subdivided into lobules, the functional units of 
the mammary parenchyma. 


Fibrocystic disease (cystic hyperplasia) 


Cystic disease and gross cysts 
Sclerosing adenosis 

Epithelial hyperplasia 

Clinical significance of fibrocystic 


Cystosarcoma phyllodes 
Intraductal papilloma 
Adenoma of nipple 
Carcinoma of breast 
Ductal carcinoma 
Lobular carcinoma 
Miscellaneous malignancies 
MALE BREAST 
Gynecomastia 
Carcinoma 
INTERPRETATION OF BREAST MASSES 


Commonly a long, tonguelike process of breast 
tissue, the axillary appendage, extends from the main 
mass up into the anterior axillary line toward and even 
into the axilla. This minor deviation is sometimes of 
considerable significance, since it may give rise to 
tumors or to other abnormalities that are mistaken for 
involvements of the axillary lymph nodes. The various 
parts of the microanatomy of the breast and the diseases 
that affect each are shown in Figure 25-1. 

The histology of the female breast is constantly 
changing under the influence of the ovarian hormones 
and is markedly modified by the hormones of pregnancy. 
At the time of puberty, the breast consists only of a 
complex system of branching ducts that drain into the 
nipple; each duct terminates at the other end in a 
number of small saccular gland buds that compose an 
individual duct lobule. These terminal buddings are 
enclosed in a loose, delicate, myxomatous stroma that 
contains a scattering of lymphocytes (intralobular or 
intrinsic connective tissue), and the individual lobules 
are enclosed within a more dense, collagenous, fibrous, 
interlobular or extrinsic stroma. 

Just as the endometrium rises and ebbs with each 
menstrual cycle, so does the breast. Following the 
menstrual period, with the progressive rise in estrogen, 
the ductal epithelium and the epithelium of the gland 
buds proliferate and continue to develop throughout the 
menstrual cycle. 7H thymidine labeling studies confirm 
that proliferative activity is related to estrogen levels.! 
During this time, the ducts and gland buds become 
slightly dilated and hypertrophied. During the last half 
of the menstrual cycle, under the influence of proges- 
terone, stromal growth and edema begin. This combined 
stimulatory effect of estrogen and progesterone on the 
intralobular breast elements accounts for the sense of 
fullness commonly experienced by women during the 
premenstrual phase of the cycle. At this same time in 
the cycle, abortive secretory activity appears in the 
gland buds and further accentuates the ductal dilatation. 
At the time of the menstrual period, the fall in estrogen 
and progesterone levels is followed by desquamation of 
epithelial cells, atrophy of the intralobular connective 
tissue, disappearance of the increased interstitial edema 
fluid, and overall shrinkage in the size of the ducts and 
gland buds. 

Understanding these cyclic changes, we can now 
present the basic histology of the breast. The stratified 
squamous epithelium that covers the areola and nipple 
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extends only superficially into the mouths of the main 
lactiferous ducts. It soon becomes transformed into a 
pseudostratified columnar and then double-layered cu- 
boidal epithelium that lines the major breast ducts. As 
the ducts branch and become smaller, the epithelium 
tends to become a single layer of cells but, in the 
smaller ducts and sometimes even in the gland buds, a 
low flattened layer of cells (myoepithelial cells) can be 
identified beneath the more prominent lining epithe- 
lium. Myoepithelial cells contain myofilaments oriented 
parallel to the long axis of the duct. A basement mem- 
brane follows faithfully the contour of ducts and duc- 
tules.? The intralobular and periductal connective tissue 
has a loose, myxomatous appearance, and therefore is 
readily distinguished from the surrounding interlobular 
denser stroma. During the late phases of each menstrual 
cycle, considerable numbers of lymphocytes accumulate 
in the periductal tissue. 

It is only with the onset of pregnancy that the 
breast assumes its complete morphologic maturation 
and functional activity. From each gland bud, numerous 
true secretory glands pouch out to form grapelike clus- 
ters. As a consequence, there is a reversal of the usual 
stromal-glandular relationship so that, by the end of 
pregnancy, the breast is composed almost entirely of 
glands separated by a relatively scant amount of stroma. 
The secretory glands are lined by a single layer of 
cuboidal cells, which, in the third trimester, begin to 
assume secretory activity. Vacuoles of lipid material are 
found within the cells, and immediately following birth 
the secretion of milk begins. The lipid material formed 
before birth accounts for the secretion of colostrum. 

Following lactation, the glands once again regress 
and atrophy, the ducts shrink, and the total breast size 
diminishes remarkably. However, complete regression 
to the stage of the normal virginal breast usually does 
not occur, and some increase of glandular parenchyma 
remains as a permanent residual. 

With the menopause, the ducts and gland buds 
further atrophy with more shrinkage of the intra- and 
interlobular stroma. The gland buds may almost totally 
disappear in the very aged, leaving only ducts to create 


a morphologic pattern that comes close to that of the 
male. However, in most women there is sufficient 
persistent estrogenic stimulation, possibly of adrenal 
origin, to maintain the vestigial remnants of gland buds 
that differentiate even the very aged female breast from 
the male breast. 

Before closing the consideration of the normal 
breast, mention should be made of the influence of 
maternal hormones on the neonatal breast. These may 
cause considerable proliferation of the ductal epithelium 
and periductal connective tissue in the newborn. Ac- 
cordingly, it is not uncommon to find hypertrophy and 
swelling of the breasts in the postnatal infant. Sometimes 
the maternal hormones of pregnancy cause abortive 
secretory activity with the actual appearance of secretion 
at the nipple. These changes are entirely normal and 
should not be confused with inflammation or tumor 
formation. 


PATHOLOGY 


Female Breast 


Lesions of the breast are preponderantly confined 
to the female. In the male, the breast is a rudimentary 
structure relatively insensitive to endocrine influences 
and apparently resistive to neoplastic growth. In the 
female, on the other hand, the more complex breast 
structure, the greater breast volume, and the extreme 
sensitivity to endocrine influences all predispose this 
organ to a number of pathologic conditions. 

The breast is the most common site of development 
of cancer in the female and alone accounts for about 
one-fifth of all malignancies in this sex. Notwithstanding 
this high incidence, benign tumors and tumor-like con- 
ditions are more frequent than these malignant neo- 
plasms. 

It is obvious, then, that diseases of the female 


breast have great importance in clinical medicine. 
Therefore, the major portion of this chapter is devoted 
to exclusive consideration of the female breast. The twa 
disorders of the female breast that assume preponderant 
importance are fibrocystic disease and carcinomas. Since 
both these entities give rise to masses or lumps in the 
breast, the entire consideration of the pathology of this 
organ should be oriented within the framework of: What 
lesions produce masses? May it be confused clinically 
with a carcinoma? Does the lesion have a tendency to 
become malignant? 


CONGENITAL ANOMALIES 


These anomalies run the gamut from congenital 
absence to abnormal numbers of breasts, but as a group 
these entities are of limited clinical significance. 

SUPERNUMERARY NIPPLES OR BREASTS. These re- 
sult from the persistence of epidermal thickenings along 
the line of the ventral ridges, referred to in the embryo- 
genesis of this organ as the milk line. Development of 
these aberrant foci gives rise to the formation of nipples, 
or even rudimentary breast structures, along the milk 
line, both below the aduJt breast and above it in the 
anterior axillary fold. Rarely, the disorders that affect 
the normally situated breast may arise in these hetero- 
topic foci, and occasionally the cyclic changes of the 
menstrual cycle cause painful premenstrual enlarge- 
ments of these supernumerary structures. 

Accessory BREAST TISSUE. Extension of breast 
tissue into the anterior axillary fold or axilla has already 
been described as being so common that it hardly merits 
designation as an anomaly. However, these minor ab- 
errations may be the site for the development of tumors 
or abnormal proliferative or cystic changes. The chief 
importance of such lesions lies in the fact that they may 
create masses that appear to be outside the breast, and 
therefore are commonly misidentified as lesions of the 
axillary lymph nodes or even as metastases from an 
occult breast cancer. 

CONGENITAL INVERSION OF NIPPLES. This occurs in 
many women, particularly those who have large or 
pendulous breasts. Commonly, this inversion is cor- 
rected during the growth activity of pregnancy, or it 
may sometimes be corrected by simple traction upon 
the nipples. Nipple inversion is of clinical significance, 
since it may frustrate attempts at nursing and may also 
be confused with acquired retraction of the nipple, 
sometimes observed in mammary cancer and in inflam- 
mations of the breasts. 


INFLAMMATIONS 


Inflammations of the breast are, on the whole, 
uncommon and consist of only a relatively few forms of 
acute and chronic disease. Of these, the most important 
is nonspecific acute mastitis, virtually confined to the 
lactating period. Breast abscesses are included under 
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inflammations 


the heading of acute mastitis. The other forms of mastitis 
consist of posttraumatic lesions and plasma cell mastitis 
or mammary duct ectasia (an entity of obscure etiology). 


ACUTE MASTITIS AND BREAST ABSCESS 


During the early weeks of nursing, the breast is 
rendered vulnerable to bacterial infection by the devel- 
opment of cracks and fissures in the nipples. The disease 
is not confined to the postpartum state, however, and 
may be predisposed to by eczema and other dermato- 
logic conditions of the nipples. From this portal of 
entry, Staphylococcus aureus usually, or streptococci 
less commonly, invade the breast substance. 

Usually the disease is unilateral. The staphylococ- 
cus tends to produce a localized area of inflammation 
that may progress to the formation of single or multiple 
abscesses. The streptococcus tends to cause, as it does 
in all tissues, a diffuse spreading infection that eventu- 
ally involves the entire organ. Both agents produce 
characteristic reddening, swelling, pain, and increased 
consistency in the affected breast substance, commonly 
with considerable edema and thickening of the overlying 
skin. During this early stage, the inflammatory changes 
may consist largely of the collection of pus within the 
affected ducts accompanied by periductal neutrophilic 
infiltration with involvement of the gland buds and 
surrounding stroma. However, in the course of time, 
the suppurative necrosis may destroy large, but usually 
only focal, areas of the breast substance. Surgical drain- 
age and antibiotic therapy may limit the spread of the 
infection, but when extensive necrosis occurs, the de- 
stroyed breast substance is replaced by fibrous scar as 
a permanent residual of the inflammatory process. Such 
scarring may create a localized area of increased consis- 
tency sometimes accompanied by retraction of the skin 
or the nipple, changes that may later be mistaken for a 
neoplasm. The skin and nipple retraction usually re- 
gresses in time as the fibrous scar stretches. 


MAMMARY DUCT ECTASIA (PLASMA CELL 
MASTITIS; PERIDUCTAL MASTITIS) 


This condition is characterized chiefly by dilatation 
of ducts, inspissation of breast secretions, and marked 
periductal and interstitial chronic granulomatous inflam- 
matory reaction, sometimes associated with large num- 
bers of plasma cells. This disorder tends to occur in the 
fifth decade of life and is much more common in women 
who have borne children. Its genesis is obscure, but it 
is thought that it may possibly be due to inspissation of 
lipid debris and weakening and rupture of ducts. Sup- 
porting this theory, about half of the patients have 
inverted or cracked nipples or difficulties in nursing 
their young. 


Anatomically, the condition usually affects a single area 
of breast substance drained through one of the major excre- 
tory ducts. A poorly defined area of induration, thickening, 
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or ropiness results. Rarely, however, the entire breast is 
affected when all the ducts are involved, or the disease may 
even be bilateral. Dilated, firm, ropy ducts are frequently 
palpable through the skin and become more readily apparent 
on section. Thick, cheesy material can be extruded from 
these cut ducts by slight pressure. 

On histologic examination, the characteristically dilated 
ducts are filled by granular, necrotic, acidophilic debris 
(secretion), which sometimes contains mixed white cells, 
principally lipid-laden macrophages (Fig. 25-2). The lining 
epithelial cells of the ducts may persist in small foci, but for 
the most part are necrotic and atrophic. The periductal and 
interductal inflammation in the full-blown disease, caused by 
inflammatory erosion of the duct walls, is manifested by 
heavy infiltrates of inflammatory cells, i.e., neutrophils, lym- 
phocytes, and histiocytes, with a striking predominance of 
plasma cells. Occasionally, foci of inflammation about lipid 
debris create small, granulomatous, inflammatory reactions, 
composed of central masses of foamy macrophages and 
precipitated spicules of cholesterol and fatty acids, sur- 
rounded by a fibroblastic proliferation and scattered foreign 
body giant cells. The axillary lymph nodes that drain the 
focus may also be the site of chronic lymphadenitis and 
secondary enlargement. 

The dilated ducts should not be confused with cysts of 
fibrocystic disease. The latter form in lobules, not ducts, and 
thus have no elastic tissue in their walls as do the dilated 
ducts in plasma cell mastitis.® 


THE BREAST 


This lesion is of clinical significance because it 
produces a focal or ill-defined diffuse area of pain, 
tenderness, induration, and ropiness in the peri- or 
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Figure 25—2. Plasma cell mastitis. Duct at top is partially filled with 
lipid-laden macrophages. Ductal epithelium is destroyed, and peri- 
ductal tissues are infiltrated with leukocytes, mostly plasma cells. 
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subareolar region. Fixation to the skin, with retraction 
of the skin or nipple, or the presence of nipple discharge 
may easily cause the lesion to be mistaken for a neo- 
plasm. The concurrence of axillary node enlargement 
further heightens the similarity by raising the possibility 
of metastatic spread. 


TRAUMATIC FAT NECROSIS 


Focal necrosis of fat tissues in the breast, followed 
by an inflammatory reaction, is an uncommon lesion 
that tends to occur as an isolated, sharply localized 
process in one breast. The subsequent inflammatory 
scarring may give rise to a focus of increased consistency 
that is potentially capable of confusion with a new 
growth, hence the clinical importance of this otherwise 
innocuous condition. If strict criteria are used to differ- 
entiate this entity from mammary duct ectasia, almost 
all patients give a history of an easily remembered 
trauma.” 


The morphologic changes depend on the duration of 
the lesion and the stage of the inflammatory reaction. In the 
early stages, the focus may consist of hemorrhage and, 
later, central liquefactive necrosis of fat surrounded by a 
zone of increased consistency. Still later, it may be a more 
or less well-defined nodule of gray-white, increased consis- 
tency, containing small foci of chalky white or hemorrhagic 
debris. In the course of time, the area is converted to a 
dense fibrous scar, or the central focus of necrosis may 
become encysted, pigmented, and sometimes calcified. Usu- 
ally such focal areas are extremely small and are rarely over 
2 cm in diameter.® 

Histologically, the central focus of necrotic fat cells is 
surrounded by lipid-filled macrophages and an intense neu- 
trophilic infiltration. Then, over the next few days, progressive 
fibroblastic proliferation, increased vascularization, and lym- 
phocytic and histiocytic infiltration wall off the focus. By this 
time, the central necrotic fat cells have disappeared and 
may be represented only by foamy, lipid-laden macrophages 
and spicules of crystalline lipids (Fig. 25-3). Still later, foreign 
body giant cells, calcium salts, and blood pigments make 
their appearance, and eventually the focus is replaced by 
scar tissue or is encysted and walled off by collagenous 
tissue. 


This condition is without clinical significance save 
for its possible confusion with a tumor, when fibrosis 
has created a clinically palpable mass. The tendency for 
the focus of fibrosis to be attached to the skin, sometimes 
causing dimpling or retraction, and the focal calcifica- 
tions seen on mammography further heighten the re- 
semblance to cancer. 


GALACTOCELE 


A galactocele represents a cystic dilatation of a duct 
occurring during lactation. It implies some cause for 
ductal obstruction, such as inflammation, fibrocystic 
disease, or neoplasia. Occasionally, a single duct is 
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Figure 25-3. Fat necrosis. Lesion is well advanced and now 
represents a focus of lipophages interspersed with fibroblasts and 
leukocytes. 


affected to produce an isolated cyst, but more often 
multiple ducts are involved. During the acute phase, 
the palpable nodules are tender and, when exposed, 
contain a milky fluid enclosed within thin, dilated ductal 
walls. In the course of time, the tenderness abates and 
the cystic dilatations become more firm. At this time, 
transection may disclose an inspissated cheesy content. 
Secondary infection may convert these areas to foci of 
acute mastitis or abscess formation. Occasionally, even 
in the absence of bacterial contamination, rupture of 
ducts produces changes similar to those described in 
mammary duct ectasia. 


GRANULOMAS CAUSED BY COSMETIC 
MAMMARY INJECTIONS 


These are uncommon complications of intramam- 
mary injection of paraffin or silicone performed for 
cosmetic reasons.’ Clinically they present as firm, 
tender, multiple nodules, and histologically they consist 
of foreign body granulomatous inflammation surround- 
ing spaces that contain the colorless foreign material. 


ENDOCRINE IMBALANCES 


FIBROCYSTIC DISEASE (CYSTIC HYPERPLASIA) 


This most common involvement of the female 
breast is included under the heading of endocrine 
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imbalance because it is now almost universally accepted 
that it results from an exaggeration and distortion of 
the cyclic breast changes that normally occur in the 
menstrual cycle. The terminology of this condition is 
unfortunately one of its most confusing aspects, and a 
complete citation of all the terms that have been used 
in the past would be nonproductive. Chronic cystic 
mastitis, mammary dysplasia, mazoplasia, and cystic 
mastopathy are no longer popular. Cystic hyperplasia is 
an appropriate term since it at least denotes two of the 
principal characteristics of this condition. The term 
fibrocystic disease is currently in vogue as satisfactorily 
descriptive. 

Fibrocystic disease encompasses a wide variety of 
morphologic changes and resultant clinical manifesta- 
tions. These run the gamut from lesions that consist 
principally of an overgrowth of the fibrous stroma to 
lesions in which both stromal and epithelial proliferation 
participate, to other types in which epithelial prolifera- 
tion predominates.* * ° It is a notoriously pleomorphic 
disorder in which variable morphologic patterns are 
encountered in different patients, in different areas of 
the same lesion, or even in different microscopic fields 
of one slide. Despite this marked variability, it is 
possible to distinguish four dominant patterns of mor- 
phologic change: (1) fibrosis, (2) cyst formation, (3) 
sclerosing adenosis, and (4) duct epithelial hyperplasia. 
The last two are sometimes lumped together under the 
term “epithelial hyperplasia,” but are distinct histologic 
patterns with different connotations: sclerosing adenosis 
is characterized by intralobular fibrosis and lobular 
epithelial proliferation, and has no premalignant con- 
notation, whereas duct epithelial hyperplasia is the 
histologic variant of fibrocystic disease, which may pre- 
dispose to carcinoma.'*"* Since some of these patterns 
conform fairly well to specific age distributions, have 
somewhat distinctive clinical manifestations, and are of 
differing significance with respect to malignant transfor- 
mation, they will be presented separately. It should be 
emphasized, however, that there is much overlap and 
considerable concurrence in these patterns. It is diffi- 
cult, therefore, to categorize every case. 

INCIDENCE. Together these variants compose the 
single most common disorder of the breast and account 
for over one-half of all surgical operations on the female 
breast. It is difficult to express an incidence of this 
condition in the general adult female population because 
of the variable criteria used for its diagnosis and because 
of the selective nature of the material studied. '* Indeed, 
irregular lumps in the breast as well as the histologic 
spectrum of fibrocystic disease are such common mani- 
festations that some have questioned the usefulness of 
the term. In a study of the so-called “normal breast,” 
i.e., unselected postmortem cases, significant disease 
was found in 29% by Frantz et al.'© Minimal disease 
was found in an additional 24%. These cases, however, 
were weighted with older age groups and therefore do 
not represent a true sample of the general population. 
It is clear, however, that fibrocystic disease is a com- 
monplace clinical problem. Haagensen estimates that at 
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least 10% of women develop clinically apparent cystic 
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disease.!’ The condition is unusual before adolescence 
and rarely, if ever, develops after the menopause. 
However, premenopausal lesions may persist into more 
advanced life. 

PATHOGENESIS. Hormonal imbalances, particularly 
hyperestrinism, are considered to be basic to the de- 
velopment of this multipatterned disorder.'* The excess 
of estrogens may represent an absolute increase, as in 
the rarely associated functioning ovarian tumors, or may 
be related to a deficiency of progesterone, as seen in 
anovulatory women. Experimentally, estrogen injec- 
tions induce mammary cysts and hyperplastic lesions, 
particularly in mice.!® There is also some evidence of 
abnormal end-organ metabolism of hormones in the 
pathogenesis of cystic disease.”? Oral contraceptive use 
decreases the risk of fibrocystic disease,”’ presumably 
because it supplies a balanced source of progesterone 
and estrogen. 


Fibrosis 


In its pure form, this relatively infrequent variant 
is characterized principally by stromal fibrous tissue 
overgrowth unaccompanied by prominent epithelial hy- 
perplasia.'*'" 2 Tt is not usually associated with the 
formation of grossly demonstrable cysts. This pattern 
tends to occur in women from 35 to 49 years of age and 
is more usually unilateral, but may affect both breasts. 
It should be noted that some fibrosis is also a component 
of all variants of fibrocystic disease, and here we are 
describing the isolated fibrous lesion only. 


Classically, the upper outer quadrant is most often 
involved and the increase in fibrous tissue results in a poorly 
defined area of rubbery consistency. On section, the affected 
area has a dense, rubbery consistency that yields readily to 
pressure, but resists cutting. 

In milder cases, the increase in stromal connective 
tissue may be so minimal as to appear inadequate as an 
explanation for the formation of a clinical mass. However, in 
the more classic examples, the overgrowth of collagenous 
stroma engulfs the epithelial structures and obliterates the 
loose periductal and lobular myxomatous stroma. Some- 
times it compresses the ducts and buds to the point at which 
they become markedly flattened or even atrophic (Fig. 25— 
4). Occasionally, small cysts are also present. However, in 
the better defined examples, the lesion is principally one of 
fibrosis, and epithelial changes are insignificant. 


The lesion is usually palpable as a reasonably well- 
delimited, but not sharply circumscribed, area of 
induration. Sometimes the focus has a sufficiently sharp 
lateral margin to be described as “saucer-like.” It is 
frequently painful and tender to palpation, particularly 
in the days preceding menstruation. In the classic case, 
the tenderness may regress following the menstrual 
period, with recurrence of pain and tenderness at the 
next cycle. The significance of this variant and _ its 
management will be considered later, along with the 
other patterns. There is no evidence that it predisposes 
to carcinoma. 
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Figure 25—4. Fibrosis of breast. The entire interductal breast sub- 
stance is replaced by hyaline connective tissue. Ducts and glands 
are compressed and atrophic. 


Cystic Disease and Gross Cysts 


This variant, also designated as Bloodgood’s disease, 
Schimmelbusch’s disease, and blue dome cyst, is the 
form of fibrocystic disease characterized by the forma- 
tion of cysts, sometimes accompanied by stromal and 
epithelial hyperplasia. Haagensen pleads for differen- 
tiating gross cysts, over 3 mm in diameter, from micro- 
cysts." '’ He points out that microcysts are found so 
commonly in all women in the middle years of life that 
they cannot be construed as disease nor as justification 
for surgery. Gross cystic disease usually occurs in 
women near or at the age of menopause, i.e., between 
the ages of 45 and 55. Gross cysts occur in about 7% of 
women. 


Rarely, an isolated cyst may be formed within one 
breast, but the disorder is usually multifocal and often 
bilateral (Fig. 25-5). As a result of the stromal overgrowth 
and cystic dilatation of the ducts, the involved areas have 
an ill-defined diffuse increase in consistency and discrete 
nodularities. Closely aggregated, small cysts produce a 
shotty texture. Larger, particularly solitary, cysts evoke the 
greatest alarm as isolated firm masses that are deceptively 
unyielding. Occasionally, multiple cysts aggregate to pro- 
duce a large, irregular, multilobular mass. On section, the 
cysts vary up to 4 or 5 cm in diameter (some are larger). 
Unopened, these cysts are brown to blue owing to the 
contained semitranslucent, turbid fluid (Fig. 25-6). Usually 
the cysts are filled with serous, turbid fluid that flows out 
readily to disclose a smooth, glistening, membranous lining 
devoid of areas of thickening or papillary projection. How- 
ever, intracystic hemorrhage, inspissation of secretions, or 


Figure 25—5. Cystic disease of breast. Cross section reveals one 
large (center) and several smaller cysts. 


inflammation may modify the contents. Sometimes the cystic 
walls are thickened or calcified by complicating hemorrhages 
and infections. 

The histologic hallmark of this variant is formation 
of cysts. In smaller cysts, the epithelium is more cuboidal 
to columnar and is sometimes multilayered in focal areas 
(Figs. 25-7 and 25-8). In larger cysts, the lining epithelium 
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Figure 25-6. Cystic disease of breast. A characteristic excised, 
unopened, blue dome cyst. 
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Figure 25-7. Cystic disease of breast. Multiple cystic spaces, some 


filled with precipitated fluid. Others have a somewhat high epithe- 
lium, thrown up into papillary projections. 


may be flattened or may even be totally atrophic, so that the 
surface is composed only of compressed collagenous fibrous 
tissue (Fig. 25—9). Occasionally, epithelial proliferation leads 
to piled-up masses or small papillary excrescences. In most 
instances, a clearly defined, intact basal membrane is pres- 
ent, and only rarely are epithelial extensions found outside 


2 s » A - - av 
- v vet WON eon % ; : arts ifs » ~~ 


Figure 25-8. Cystic disease of breast. The smaller cysts have 
preserved cuboidal-to-columnar cell lining epithelium. 
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Figure 25—-9. Cystic disease of breast. Detail of wall of a large 
cystic space lined by compressed collagenous connective tissue. 


the basement membrane, changes interpreted as “spillage” 
of the epithelium rather than true invasion. Occasionally, 
cysts are lined by large polygonal cells having an abundant 
granular, eosinophilic cytoplasm, with small, round, deeply 
chromatic nuclei, so-called apocrine metaplasia; such apo- 
crine epithelium is found not uncommonly in the normal 
breast, and is presumed to represent a specialized differ- 
entiation of breast parenchyma along the line of sebaceous 
gland cells. Epithelial overgrowth and papillary projections 
are common in cysts lined by apocrine epithelium (Fig. 25— 
10). Apocrine metaplasia is virtually always benign. 

The stroma about all forms of cysts is usually com- 
pressed fibrous tissue, having lost its normal, delicate, 
myxomatous appearance. Stromal lymphocytic infiltrate is 
common in this and all other variants of fibrocystic disease, 
explaining the origin of the older term “chronic cystic mas- 
titis.” 


The clinical characteristics of this variant of fibro- 
cystic disease have been presented in the morphologic 
description. When cysts are macroscopic in size, they 
are readily palpable as discrete nodules, and since they 
usually occur multiply and are commonly bilateral, the 
existence of this diffuse, irregular nodularity is readily 
distinguished from the characteristic discrete, solitary 
focus of carcinoma. However, solitary cysts may be 
difficult to distinguish from a cancer on gross palpation. 
Commonly, the cysts produce pain, are tender to pal- 
pation, and are more distressing during the period of 
premenstrual tension. Haagensen holds that gross cystic 
disease predisposes to carcinoma, with a risk two to 
three times greater than that for the normal breast. ® 


Sclerosing Adenosis 


This variant is characterized histologically by intra- 
lobular fibrosis and proliferation of small ductules or 
acini. The lesion may be accompanied by fibrosis and 
cystic disease, and is most commonly found in women 
between the ages of 35 and 45. Adenosis is more apt to 
be unilateral than is cystic disease, and is often focal, 
affecting the upper outer quadrant of the breast. How- 
ever, other localizations and bilateral involvement are 
by no means uncommon. 


Depending on the extensiveness of the morphologic 
changes, the area may have a hard cartilaginous consis- 
tency that begins to approximate that found in breast 
cancer, or may be only an ill-defined area of firmness. 
Cystic nodules are more commonly present in this variant 
than in the pattern described as fibrosis. On section, the 
involved area is not well localized, is gray-pink and firm, and 
on close inspection has small, elevated, pink-gray foci that 
can be identified later as glandular epithelial structures. 
Characteristically, however, the chalky yellow-white foci and 
streaks of necrosis that identify breast carcinoma are absent, 
an important gross differential feature. 

Proliferation of small ducts, canaliculi, and gland 
buds may yield masses of small gland patterns, or nests 
and cords of cells within a fibrous stroma. Usually, in 
such an area, many or at least some well-defined glands 
can be identified, but frequently they are closely aggregated 
so that glands lined by single or multiple layers of cells are 
backed up to each other (adenosis). At other times, the 
stromal overgrowth distorts and compresses the glands; 
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Figure 25-10. Apocrine metaplasia. Lining epithelium is high co- 
lumnar and faintly staining (eosinophilic with H and E stain). 


however, usually the cell aggregates preserve some vestige 
of a central lumen and some resemblance, therefore, to 
normal gland patterns. Occasionally, however, the fibrous 
growth may totally compress the lumina to create the ap- 
pearance of solid cords or strands of cells lying within the 
dense stroma, a histologic pattern that at times verges on 
the appearance of carcinoma. 

To the inexperienced, the histologic differentiation of a 
florid case of sclerosing adenosis from frank cancer is difficult 
(Figs. 25-11 and 25-12). When clearly defined cysts and 
apocrine elements are present, or when the epithelial struc- 
tures preserve their glandular regularity, the distinction is 
made more readily. 


Just as the morphologic differentiation of adenosis 
from cancer may be difficult, the clinical distinction is 
equally vague. This lesion characteristically produces a 
hard localized mass on palpation, reasonably well delim- 
ited, but not sharply defined from the surrounding 
breast substance. It has, therefore, many of the clinical 
characteristics of malignancy. When the disorder is 
bilateral, or when cysts are present, the clinical diag- 
nosis is more apparent, but unfortunately such accom- 
panying changes are not invariably present. The pain 
and tenderness of florid adenosis may also serve to 
differentiate this lesion from neoplasia. Despite its omi- 
nous histologic appearance, sclerosing adenosis does not 
appear to predispose to carcinoma. '* 
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Fig. 25-11 
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True epithelial hyperplasia most commonly affects 
the ducts and ductules, and, as mentioned earlier, is 
the histologic variant of fibrocystic disease that is con- 
sidered by most investigators to increase the risk of the 
subsequent development of carcinoma.* * '°: '!® 3 This 
is not to say that all foci of epithelial hyperplasia (termed 
epitheliosis by British pathologists) are premalignant, 
leading inevitably to carcinoma; indeed, only a small 
proportion apparently do. But it is this pattern of 
alteration that should concern the pathologist, who is 
called to differentiate among benign hyperplasia, atyp- 
ical but still noncancerous hyperplasia, and carcinoma. 
The more severe and atypical the hyperplasia, the 
greater the risk of developing cancer.'! These hyperpla- 
sias may sometimes coexist with other histologic variants 
of fibrocystic disease but on occasion they form the 
predominant pattern. They appear as ill-defined masses 
in the breasts of women of all ages over 30, but most 
commonly in those between 35 and 45. 


The gross appearance is variable and may be over- 
shadowed by the accompanying fibrosis, cysts, or adenosis. 
However, many times the ducts have an increased ropy 
consistency and on pressure exude a pulpy white debris. 
Microscopically, proliferation causes multilayering of the duct 
lining epithelium. Sometimes the proliferating epithelium 


Fig. 25-12 


Figure 25-11. Adenosis. Low-power view of a florid case of benign epithelial proliferation, readily 


mistaken on casual inspection for carcinoma. 


Figure 25-12. Adenosis. High-power view of same lesion as in Figure 25-11. Epithelial overgrowth 
forms many gland patterns that are lined by somewhat distorted but not anaplastic cells. 
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Figure 25-13. Papillary epithelial hyperplasia in fibrocystic disease. 
Two ducts show hyperplastic epithelium thrown into papillary pro- 
jections. Note also fibrosis and small cysts. 


takes the form of solid masses extending and encroaching 
into the duct lumen, partially obliterating it, but usually small 
gland patterns can be discerned within the cellular masses 
(cribriform pattern). Alternatively, papillary epithelial pro- 
jections may grow into the lumen (ductal papillomatosis) 
(Fig. 25-13). If extensive, this is termed florid papilloma- 
tosis. Both papillary and solid proliferations may sometimes 
show various degrees of cellular atypia as well as numerous 
mitotic figures (atypical hyperplasia). The differentiation 
from intraductal carcinoma (p. 1180) may be difficult in 
individual cases, especially if the tissue samples examined 
are inadequate. In general, crowding and loss of polarity of 
cells, lack of preservation of the duct basement membrane, 
absence of gland formation, presence of central necrosis, 
and marked cellular atypicality indicate atypical or malignant 
transformation. The different patterns of duct hyperplasia 
are present schematically in Figure 25-14. 


Clinically, florid papillomatosis may be associated 
with a serous or serosanguineous nipple discharge, but 
most commonly patients with epithelial hyperplasia 
present with ill-defined breast masses, which may be 
tender. 

Another type of hyperplasia is so-called atypical 
lobular hyperplasia. This is most often an incidental 
histologic finding, occurring with other variants of fibro- 
cystic disease. Because it may be related to lobular 
carcinoma in situ, it will be discussed later under this 
heading (p. 1184). 


Clinical Significance of Fibrocystic Disease 


The many patterns of breast pathology included 
under the designation fibrocystic disease have clinical 
importance for two reasons: (1) they produce masses in 
the breast that require differentiation from carcinoma 
and (2) some may predispose to the subsequent devel- 
opment of carcinoma. 

Any mass or lump in the breast must be viewed as 
a possible carcinoma. Certain clinical features of fibro- 
cystic disease tend to differentiate it from cancer, but 
the only certain way of making this distinction is biopsy 
and pathologic examination. The following features favor 
the diagnosis of fibrocystic disease. Bilateral involve- 
ment and multiple nodules are more characteristic of 
fibrocystic disease than of carcinoma. Fibrocystic disease 
tends to be painful prior to the menstrual period as 
breast engorgement occurs. These benign lesions occur 
in a somewhat younger age group but, unless the patient 
is in the first two decades of life (when carcinoma of the 
breast is rarely encountered), the age of the patient is 
a slender thread. Frequently, fibrocystic disease re- 
gresses and even disappears during pregnancy. Despite 
these clinical features, it is an unwise clinician who 
relies solely on clinical examination of the breast to rule 
out carcinoma, the more so because carcinoma may 
supervene on preexisting fibrocystic disease. 

What is the relationship between fibrocystic disease 
and carcinoma? Two viewpoints have long been held 
equally vehemently: that fibrocystic disease predisposes 


Figure 25-14. Schema of various degrees of epithelial hyperplasia. 
A, Normal lactiferous duct. B, Moderate proliferation of cellular 
layers. C, Proliferation with cribriform pattern. D, Proliferation with 
obliteration of lumen and cellular atypia. E, Carcinoma in situ. (From 
Gompel, C., and Van Kerkem, C.: The breast. /n Silverberg, S. G. 
(ed.): Principles and Practice of Surgical Pathology. Vol. 1. New 
York, John Wiley & Sons, 1983. Copyright © 1983. Reprinted by 
permission of John Wiley & Sons, Inc.) 


to cancer and that there is no causal relationship be- 
tween the two disorders. Although fibrocystic disease 
shares certain epidemiologic’ and biochemical” char- 
acteristics with breast cancer, prospective studies have 
yielded conflicting results relative to the risk of devel- 
opment of cancer in patients with fibrocystic disease.® 
It is likely that the divergent findings are related to the 
lack of distinction among the histologic variants of 
fibrocystic disease and to the lack of a proper control 
population. However, the balance of the evidence sug- 
gests that patients with some morphologic variants of 
fibrocystic disease, especially those with epithelial hy- 
perplasia, have a higher than expected attack rate of 
cancer of the breast. Warren, in a five-year follow-up 
of 1200 cases of this disease, cites a cancer rate 4.5 
times greater than that in patients with normal breasts.° 
In the patterns that have florid epithelial overgrowth 
within the ducts, he cites a 12-fold increased attack rate. 
Others have found a three- to tenfold greater risk of 
mammary cancer development in patients with previous 
biopsy-proved fibrocystic disease.*'''? It should be 
noted, however, that in about half the instances in some 
series the cancer occurred in the contralateral breast, 
not in the one with fibrocystic disease. 

Obviously, any meaninful epidemiologic studies 
must employ precise histologic terminology to describe 
the findings in benign breast biopsies.”° If this is done, 
the association between fibrocystic disease and cancer 
is proportional to the degree of epithelial hyperplasia 
and atypia seen in fibrocystic disease.'? In a study of 
301 patients in whom a histologic diagnosis of atypical 
hyperplasia was made on biopsy but the breast was not 
removed, the cumulative risk of breast cancer (both in 
situ and infiltrating) was 10% at 55 months.” As noted, 
Haagensen also finds an increased risk of cancer in 
patients with gross cysts.'* 


HYPERTROPHY 


Abnormal hypertrophy of one or both breasts may 
occur at any age, presumably when the breast tissue 
either is excessively sensitive to normal amounts of 
hormone or is abnormally stimulated by high levels of 
ovarian hormones. When hypertrophy is unilateral, it is 
postulated that there is a differential sensitivity of the 
breasts. Neonatal hypertrophy has already been de- 
scribed. Prepubertal hypertrophy is commonly bilateral 
and almost invariably suggests abnormal levels of ovarian 
hormone. This condition is, therefore, encountered in 
functioning ovarian tumors, choriocarcinomas, adrenal 
cortical tumors, and pituitary tumors. Control or low- 
ering of hormone production permits regression of 


breast size. However, in other instances the condition ° 


is more obscure and arises without known cause. Some- 
times, in the adolescent or preadolescent girl, the 
hypertrophy of one or both breasts is irreversible. The 
increase in size may be quite exaggerated, and one or 
both breasts may assume a bulk three or four times 
normal. This form of overgrowth is sometimes referred 
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to as virginal hypertrophy. Histologically, there are no 
distinguishing features, and sections disclose only an 
abnormal increase of fibrous stroma, accompanied by 
some proliferation of the ducts and canaliculi. 


TUMORS 


Neoplasms constitute the most important, albeit 
not the most common, lesions of the female breast. A 
great variety of tumors may occur in the female breast, 
made up as it is of a covering integument, adult fat, 
mesenchymal connective tissue, and epithelial struc- 
tures. These tumors run the gamut of virtually all the 
neoplasms that may arise from stratified squamous epi- 
thelium, glandular structures, and mesenchymal con- 
nective tissue. Some may be listed as skin papillomas, 
squamous cell carcinomas of the skin, adenomas, pap- 
illomas of ducts, carcinomas of glandular or duct origin, 
and virtually every variety of benign and malignant 
mesenchymal tumor, such as fibroma and fibrosarcoma, 
granular cell myoblastoma, chondroma and chondrosar- 
coma, lipoma and liposarcoma, osteoma and osteogenic 
sarcoma, and angioma and angiosarcoma. Only the more 
common tumors specialized to the breast, however, will 
be discussed. Most of those listed exactly resemble the 
analogous neoplasms that occur elsewhere in the body, 
and do not have any special properties when they arise 
in the breast. 


FIBROADENOMA 


The most common benign tumor of the female 
breast is the fibroadenoma. As the name implies, it is a 
new growth composed of both fibrous and glandular 
tissue. Occurring at any age within the reproductive 
period of life, it is somewhat more common before age 
30. This tumor is said to develop as the result of 
increased sensitivity of a focal area of the breast to 
estrogen. Areas closely resembling a fibroadenoma are 
found in many cases of cystic disease. Sometimes these 
areas are poorly defined and merge with the cystic 
hyperplasia; the term fibroadenomatosis is applied to 
these diffuse lesions to distinguish them from the dis- 
crete nodules, fibroadenomas. 


The fibroadenoma grows as a centrifugal, small nod- 
ule that is usually sharply circumscribed and freely 
movable from the surrounding breast substance. These 
tumors frequently occur in the upper outer quadrant of the 
breast. They vary in size up to giant forms 6 to 10 cm in 
diameter, but most are surgically removed when 2 to 4 cm 
in diameter (Fig. 25-15). As benign lesions, they are encap- 
sulated and tend to be spherical, but on occasion they may 
be multilobular and somewhat irregular. On section they are 
composed of uniform, gray-white tissue punctuated by ele- 
vated, minute, yellow-to-pink, softer areas (the glandular 
structures). Occasionally, soft, somewhat gelatinous areas 
are present. 

The histologic pattern is essentially one of delicate, 
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Figure 25—15. Fibroadenoma. Discrete mass bulges above level of 
surrounding breast tissue. 


cellular, fibroblastic stroma enclosing glandular and 
cystic spaces lined by epithelium. The connective tissue 
tends to have a loose, reticulated appearance and is some- 
times myoxomatous in nature. The glands show variation in 
form in different tumors, and in different areas within the 
same tumor. Intact, round-to-oval gland spaces may be 
present, lined by single or multiple layers of cells (peri- 
canalicular fibroadenoma) (Fig. 25-16). The cells are 
regular and cuboidal to polygonal in shape. The basement 
membranes of these glands are intact and usually well 


Fig. 


defined. The connective tissue immediately surrounding 
these gland spaces tends to be somewhat compressed and 
denser than the intervening stroma. In other areas, the 
connective tissue stroma appears to have undergone more 
active proliferation with compression of the gland spaces. In 
consequence, glandular: lumina are collapsed or com- 
pressed into slitlike, irregular clefts, and the epithelial 
elements then appear as narrow strands or cords of 
epithelium lying within the fibrous stroma (intracanalic- 
ular fibroadenoma). Both pericanalicular and intracanailic- 
ular patterns often coexist in the same tumor (Fig. 25-17). 
Quite rarely, the connective tissue element is scant 
in amount, and the entire tumor may be composed of 
fairly densely packed glandular or acinar spaces lined 
by a single or double layer of cells. This pattern is most 
often encountered in the lactating breast, and frequently the 
tumor epithelium shows Secretory activity similar to that in 
the surrounding breast substance (lactating adenoma). 


The clinical characteristics of the fibroadenoma are 
apparent from the description given. It usually appears 
as a solitary, discrete, freely movable nodule within the 
breast. There is no attachment to the overlying skin or 
underlying fascia. Differentiation from a solitary cyst 
may at times be difficult. Slight increase in size may 
occur during the late phases of each menstrual cycle, 
and pregnancy may stimulate growth. Postmenopau- 
sally, regression or calcification may result. Although 
this lesion presents fairly distinctive clinical character- 
istics, it nonetheless requires surgical excision for ab- 


Figure 25-16. Fibroadenoma showing morphology referred to as pericanalicular variant. 
Figure 25-17. Fibroadenoma. Margin of nodule, with capsule and separation from compressed breast 


substance above. Growth is in part intracanalicular, particularly near capsule, with compression of 
gland spaces. Toward bottom, pattern is pericanalicular. 


solute verification of its benign nature, a diagnostic 
procedure that at the same time effects a cure. 


CYSTOSARCOMA PHYLLODES 


Infrequently, fibroadenomas may grow to very mas- 
sive proportions, reaching diameters of 10:to.15 cm, the 
so-called giant fibroadenomas. Some of these large, 
bulky tumors become: lobulated and. cystic and hence 
have been designated cystosarcoma phyllodes, an un- 
fortunate term since such lesions can be either benign 
or malignant. They may distort the breast, produce 
bulges in the contour of the skin, and even cause 
pressure necrosis of the overlying skin (Fig. 25-18). In 
these ulcerated lesions, the capsule of the tumor may 
rupture, and the growth may fungate through the skin 
to appear as an irregular mass. However, even this 
bizarre clinical behavior does not of necessity imply 
malignancy. Histologically, these lesions tend to have a 
more cellular myxoid stroma than do the usual fibroad- 
enomas. Lymphomatous, chondromatous, or osteoid foci 
may appear in the stroma, but the most ominous change 
is the appearance of increased cellularity, cytologic 
anaplasia, and high mitotic activity (Fig. 25-18).”% 
Malignant transformation is invariably accompanied by 
rapid increase in size. Malignant lesions may recur, but 
tend to remain as localized lesions for some time. 
However, in time, metastases to axillary lymph nodes 
and distant sites occur in about 15% of cases.*! These 
tumors, even those that are malignant, can be success- 
fully excised to produce a cure in most cases. Most 
writers caution that, in many instances, anaplastic 
changes may be found in masses that nonetheless are 
innocent clinically, and therefore overdiagnosis and 
overtreatment must be guarded against. When the term 
cystosarcoma phyllodes is used for these lesions, the 
degree of histologic benignity or malignancy should be 
noted.° 


INTRADUCTAL PAPILLOMA 


It was pointed out that diffuse papillary hyperplasia, 
called papillomatosis, may be a component of fibrocystic 
disease. In some patients, a neoplastic papillary growth 
may develop within a duct or a cyst as a solitary lesion 
that is then designated intraductal papilloma. Papillo- 
mas are most frequently found within the principal 
lactiferous ducts. They occur at any age but primarily 
between 30 and 50 years, and present clinically as a 
result of: (1) the appearance of serous or bloody nipple 
discharge; (2) the presence of a small subareolar tumor, 
a few millimeters in diameter; and (8) rarely, nipple 
retraction. 


The tumors are usually very small, rarely more than 1 
cm in diameter, and are therefore difficult to locate both 
Clinically and anatomically. As mentioned, they are usually 
located in the major ducts, close to the nipple. They consist 
of friable, delicate, villous, branching growths within a dilated 
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Figure 25-18. Malignant cystosarcoma phyllodes. A, Enlargement 
and distortion of breast. B, Pleomorphic hypercellular stromal cells 
and a compressed ductal structure (left lower corner). 


duct or cyst. The lesions may be sessile or delicately 
pedunculated. Histologically, the tumor is composed of mul- 
tiple papillae, each having a connective tissue axis covered 
by cuboidal or cylindrical epithelial cells (Fig. 25-19). In 
areas, there is ramification of these structures so as to form 
pseudoglandular cavities of diverse size and shape, but solid 
nests may also be seen. In the truly benign papilloma, two 
cell types are seen in the centrally situated luminal mass— 
epithelial and myoepithelial. Apocrine metaplasia may be 
found and small foci of sclerosis and hyalinization are 
frequent. Although most of these single papillary lesions are 
benign, some show significant atypia of epithelium, which 
should be differentiated from intraductal papillary carci- 
noma.® '*:*? The distinction between a benign but atypical 
intraductal papilloma and an intraductal papillary carcinoma 
may be difficult. In general, severe cytologic atypia, the 
presence of one rather than two cell types, abnormal mitotic 


figures, the absence of a vascular connective tissue core, 


the presence of cell strands bridging the duct lumen (forming 
a so-called cribriform pattern), and the absence of hyalin- 
ization and apocrine metaplasia favor a malignant rather 
than benign papillary tumor. Ultimately, true stromal invasion 
is the best indication of malignancy. 


Complete excision of the duct system should be 
performed in order to avoid local recurrences. It must 
be stressed that clearly benign and malignant lesions 
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Figure 25-19. Intraductal papilloma. A, Low-power 
view of nipple showing tumor in lactiferous duct 
(arrow). B, High-power view showing well-differ- 
entiated papillary tumor. 


should be readily differentiated histologically.” but some 
appear to be borderline, producing considerable diffi- 
culty in anatomic diagnosis. Fortunately, experience 
teaches that in these borderline cases, most of the 
lesions behave in a benign fashion and are effectively 
cured by local excision. In other words, when the 
biologic behavior of the growth is that of frank cancer, 
there is usually little doubt about the anaplastic char- 
acteristics of the histologic details. 

The present consensus is that solitary intraductal 
papillomas are benign and are not the precursors of 
papillary carcinoma.'!> However, Haagensen distin- 
guishes multiple intraductal papillomas from the group, 
since he believes they are associated with about a 
fourfold increased risk of development of papillary car- 
cinoma. These form poorly delineated, palpable tumors 
in which multiple papillary lesions in ducts occupy 
peripheral sectors of the breast; these lesions are distinct 
from the diffuse microscopic papillomatosis seen in 
fibrocystic disease. Histologically, they resemble the 
solitary intraductal papilloma. 


ADENOMA OF NIPPLE 


This is a rare lesion that occurs mostly in elderly 
women and presents as a nodule immediately beneath 
the nipple, often with crusting or ulceration of the 
nipple. Histologically, the appearance is that of a hi- 
dradenoma papilliferum, a type of sweat gland adenoma 
(p. 1117). The ducts are lined by papillary projections, 
which have a central connective tissue axis and a double 
layer of covering cells: cuboidal, epithelial, and flattened 
myoepithelial cells. Adenoma of the nipple is a benign 
tumor cured by local excision.* 


CARCINOMA OF BREAST 


The unqualified term breast cancer implies a car- 
cinoma arising in the glandular and ductal structures of 
the breast. Breast carcinoma is the number one cause 
of cancer deaths among females and has been called 


“the foremost cancer’ in women. An eloquent justifi- 
cation of this designation was given by H. Marvin 
Pollard, President of the American Cancer Society: “It 
is the most feared of cancers, the most frequently self- 
discovered and the most controversially treated of all 
cancers. It ranks first among cancers in number of 
surgical procedures, in radiation therapy treatments, in 
the number of hormone and chemotherapy administra- 
tions. In cancer diagnosis it is first in the number of 
biopsies. It is the foremost of all cancers, too, from the 
standpoint of cost in physicians’ fees and hospital bills. 
One cannot compute its ranking to heartache and suf- 
fering. *4 

Understandably, then, breast cancer has been the 
focus of intensive study relative to its origins, diagnostic 
methods, and treatment. Despite all the efforts, little 
ground has been gained and the age-adjusted death rate 
from breast cancer in females in the United States has 
virtually remained stable over the past 30 years, now 
being about 22 to 23 per 100,000.* In highly personal 
terms, it has been calculated that six to seven women 
in every 100 will develop breast cancer.** Every 15 
minutes about three new cases of breast cancer are 
diagnosed in the U.S. and one woman is dying of breast 
cancer. The small gains made in the early diagnosis and 
treatment of this disease cannot keep pace with its rising 
incidence in the female. In contrast, cancer of the breast 
in males is quite rare, the ratio being 100:1. It is both 
ironic and tragic that a neoplasm arising in an exposed 
organ, readily accessible to self-examination and clinical 
diagnosis, continues to exact such a heavy toll. 

INCIDENCE. Cancer of the female breast is rarely 
found before the age of 25. It may occur at any age 
thereafter, with a peak incidence shortly before, during, 
or after the menopause. For 1984 the estimated number 
of new cases of invasive breast cancer in the U.S. was 
115,000, and the estimated number of deaths from 
breast cancer, 37,000.* 

Few cancers have been subjected to more intensive 
epidemiologic study. A host of observations has 
emerged. For example, there are striking geographic 
differences in its prevalence. The incidence and death 
rate of breast cancer in Japan and Taiwan is approxi- 
mately one-fifth that of the U.S. Observations bearing 
on the incidence of this disease can be summarized as 
follows:*”** breast cancer is more common in: 

1. Jews than in Gentiles, by about twofold. 

2. Women with increasing age, the incidence 
curve rising steeply to age 50, then becoming flat for 
five years, then increasing again but at a much slower 
place. 

3. Women who have had their first child at a late 
age (over 30). 

4. Nulliparous than in multiparous women. 

5. Women with late (after age 50) menopause. 

6. Women with age of menarche before 13. 

7. Obese women. 

8. Women with a previous history of breast, ovar- 
ian, or endometrial cancer (but breast cancer is less 
common in women with a history of cervical cancer). 
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9. Women with fibrocystic disease, particularly 
epithelial hyperplasia (see earlier discussion). 

10. Women with a history of breast cancer in their 
family, especially if the cancer occurred in young mem- 
bers of the family. A woman whose premenopausal 
mother and sister have had cancer of the breast has 50 
times the control incidence of breast cancer. 

Most of the influences productive of a higher attack 
rate appear to reflect increased exposure to steroid 
(estrogen) hormones and to familial and genetic influ- 
ences. Oophorectomy and pregnancy in early fetal life 
and prolonged lactation in some geographic groups’* ” 
reduce the risk of breast cancer. Some studies show an 
increased incidence of breast cancer in women taking 
combination-type oral contraceptives with high proges- 
togen content.*! 

ETIOLOGY AND PATHOGENESIS. The search for the 
origins of breast cancer has been aided by animal studies 
but, as with the causation of all cancer, we are still far 
from an answer. In particular, mammary tumors in mice 
have been studied extensively. In these animals, it is 
well documented that four sets of influences are impor- 
tant: (1) genetic factors, (2) hormones, (3) environmental 
factors, and (4) a virus or viruses. All of these may be 
directly applicable to women, but it is impossible in 
humans to establish the rigorous controlled studies of 
environmental factors achieved with mice. Since a re- 
view of breast cancer etiology is beyond our scope, only 
a few general remarks will be made.’ *° 

The role of genetic factors in the development of 
cancer, although strongly suggested by family studies, 
is poorly understood. The risk of breast cancer in women 
with a familial history of similar disease, particularly 
premenopausal, is several times greater than that in 
control groups, but this could be due to either genetic 
or common environmental influences. A gene transmit- 
ted as an autosomal dominant with low penetrance has 
been described in rare families. Increased prevalence 
of some cancer-prone haplotypes (HLA-B13) has been 
claimed. 

The role of hormones can be summarized thus: 
unopposed estrogen activity over a long reproductive 
life span is considered to be highly significant in the 
genesis of breast cancer. Estrogenic agents readily in- 
duce mammary adenocarcinomas in mice and rats. Es- 
trogens are known to induce proliferative changes in 
the ducts during the normal ebb and flow of hormones 
in the menstrual cycle. Most breast carcinomas arise in 
ducts, and it would be reasonable to expect that exces- 
sive estrogenic effects might lead to accentuated hyper- 
plasia. 

The proliferative effect of steroid hormones is rea- 
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sonably well characterized. Steroids regulate gene activ- 


ity, and normal cells, in such target organs as the breast 
and endometrium, possess specific receptors for estro- 
gens and progesterone. Similar receptors have been 
identified in breast cancer cells (p. 1188) and these cells 
may possess enzyme systems not present in normal 
mammary tissue, rendering them capable of converting 
androgens to estrogens. The steroid hormone receptor 
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complex serves as a key, which turns on DNA synthesis 
and replicative activity in target cells through cAMP. 
In this sense, hormones serve as promoters in the 
carcinogenic process. Estrogens may also bind cova- 
lently to nuclear DNA, and in this way probably act 
also as initiators. Prolactin, one of the somatotrophins 
secreted by the anterior pituitary and placenta, has a 
certain role in maintaining the growth of breast tumors 
in rats and mice, but its role in human mammary cancer 
is unsettled.” 

Much of the epidemiologic data cited earlier sup- 
ports a role for hyperestrinism in the genesis of breast 
cancer. The prototype of the unmarried female with no 
pregnancies and early menarche exemplifies a long 
reproductive life span, with unremitting exposure to the 
estrogen peaks of every menstrual cycle. Pregnancies, 
and a late menarche, shorten such exposure to estro- 
gens. Functioning ovarian tumors and ovarian cortical 
hyperplasia that elaborate estrogens are associated with 
breast cancer in postmenopausal women. This neoplasm 
rarely occurs in the prepubertally castrated. These same 
hormonal influences are thought to be operative in the 
genesis of epithelial hyperplasias and probably account 
for the increased incidence of breast cancer in women 
with preexisting fibrocystic disease. Recent studies have 
confirmed associations among excess urinary estrogens, 
frequency of ovulations, age of menarche, and increased 
breast cancer risk.” 

Of the various environmental factors implicated 
(diet, reserpine, caffeine, hair sprays, and so forth), 
irradiation is the most well established, as shown by 
increased risk in survivors of atomic bomb exposure and 
women undergoing radiation therapy. 

The most controversial advances have centered on 
the question of viral etiology. The question was raised 
as early as 1936 by Bittner’s discovery that a filterable 
agent, transmitted through the mother’s milk, caused 
breast cancer in suckling mice.“ This virus, called 
mouse mammary tumor virus (MMTV), was subse- 
quently found to be an oncornavirus characterized by 
type B particles (p. 243). MMTV can produce tumors 
in vivo and has been shown to be transmitted horizon- 
tally in the mother’s milk and vertically through its 
incorporation in the mother’s genome. Genetic strains 
of mice with a very high incidence of mammary cancer 
can thus be raised. In recent years, electron microscopic 
studies of human milk and breast tissue for type B 
particles have produced conflicting results and, indeed, 
many of the particles reported had the morphologic 
appearance of type C viruses, which are not known to 
be associated with tumor viruses in lower animals. 
Particularly dramatic were the reports of the presence 
of reverse transcriptase, an enzyme peculiar to onco- 
genic RNA viruses, in the same human milk samples 
containing virus-like particles, as well as nucleic acid 
hybridization experiments showing similar nucleic-acid 
sequences in human breast carcinoma and MMTV.* 
More recent studies, however, have cast doubt on these 
initial reports, and clear documentation of a viral etiol- 
ogy for breast cancer in humans remains as elusive today 
as it was in 1936.* 
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MORPHOLOGY. Curiously, carcinoma is more common 
in the left breast than in the right, in a ratio of 110:100. The 
cancers are bilateral or sequential in the same breast in 4% 
or more of cases. 

Among breast carcinomas small enough for their gen- 
eral areas of origin to be identified, approximately 50% arise 
in the upper, outer quadrant; 10% in each of the remaining 
quadrants; and about 20% in the central or subareolar 
region. As will be seen, the site of origin influences the 
pattern of nodal metastasis to a considerable degree. Over 
90% of breast cancers arise in the ductal epithelium and 
10% in the mammary lobules. An overview of the range in 
tumors types is provided by the following classification.® *” * 
|. Carcinoma arising in mammary ducts 

A. Noninfiltrating (intraductal) carcinoma 
1. Comedo carcinoma 
2. Intraductal papillary carcinoma 
B. Infiltrating duct carcinoma 
1. Simple or usual type (also called “not otherwise 
specified’”—NOS) 
2. Special types 
. Medullary carcinoma with lymphoid infiltration 
b. Colloid carcinoma (mucinous carcinoma) 
c. Paget’s disease (ductal carcinoma with exten- 
sion to skin) 
Tubular carcinoma 
Adenoid cystic carcinoma 
Infiltrating comedocarcinoma 
Apocrine carcinoma 
Infiltrating papillary carcinoma 
Il. Carcinoma arising in mammary lobules 
A. Noninfiltrating, in situ lobular carcinoma 
B. Infiltrating, lobular carcinoma 

Only the more common types will be discussed. The 
incidence of the various types of infiltrating carcinomas 
collected from a national study is shown in Table 25-1. 

Ductal Carcinoma. The noninfiltrating intraductal car- 
cinoma will be discussed first, followed by a presentation of 
some of the variants of infiltrating tumors arising within the 
ducts. 

INTRADUCTAL CARCINOMA (NONINFILTRATING). AS previ- 
ously stated, over 90% of breast carcinomas arise within the 
ducts. As long as the tumor remains within the confines of 
the ductal basement membranes, it constitutes a noninfil- 
trating intraductal carcinoma. These begin as atypical pro- 
liferations of ductal epithelium that eventually com- 
pletely fill and plug the ducts with neoplastic cells. The 
tumor exists as a poorly defined focus of slightly increased 
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Table 25—1. INCIDENCE OF HISTOLOGIC TYPES OF INVASIVE 
BREAST CANCER 


% 
Infiltrating duct carcinoma 
Simple or usual type 


Pure 52.6 
Combined with other types 22.0 
Medullary carcinoma 6.2 
Colloid carcinoma 2.4 
Paget's disease 2.3 
Other pure types 2.0 
Other combined types 1.6 
Infiltrating lobular carcinoma 49 
Combined lobular and ductal 6.0 


Modified from Fisher, E., et al.: The pathology of invasive breast 
cancer: A syllabus derived from the findings of the National Surgical 
Adjuvant Breast Project. Cancer 36:1, 1975. 
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Figure 25-20. Comedocarcinoma. Intraductal proliferation of malig- 
nant cells. Note central necrosis. 


consistency caused by the marked dilatation and solidifica- 
tion of the ducts. Occasionally, the ductal carcinomas create 
no change in the consistency of breast substance. It is only 
when the breast is sectioned that cordlike ducts are found 
filled with necrotic and cheesy tumorous tissue. This sub- 
stance can be readily extruded upon slight pressure; hence, 
the designation comedocarcinoma. Histologically, the ducts 
are dilated and filled with neoplastic epithelial cells that 
completely plug the lumina. At times, some small glandular 
pattern or papillary growth may be distinguished, but even- 
tually the proliferation obliterates all architectural detail and 
only solid cords of anaplastic cells remain, sometimes with 
central necrosis (Fig. 25-20). As the lesion advances, the 
intraductal neoplasia eventually extends through the base- 
ment membrane, and the tumor becomes an infiltrative 
ductal carcinoma, to be described. Rarely, these intraductal 
carcinomas have a predominantly papillary pattern and are 
called intraductal papillary carcinomas. 

INFILTRATING Duct CARCINOMA. As mentioned, this is the 
most common type of breast cancer. In about 75% of these 
invasive duct carcinomas, there are no distinguishing histo- 
logic features, save for increased dense fibrous tissue 
stroma, giving the tumor a hard consistency on gross ex- 
amination. The term scirrhous carcinoma was popular for 
such cancers, denoting their stony-hard consistency. It is 
now thought that some carcinomas with scirrhous gross 
features are, in fact, invasive lobular carcinomas, and the 
term is therefore being discarded. Thus, ductal lesions are 
now called infiltrating duct carcinoma, not otherwise 
specified (NOS) simple or usual types. These growths 
occur as fairly sharply delimited nodules of stony-hard 
consistency that average 2 cm in diameter and rarely exceed 
4 to 5 cm. On palpation, they may appear deceptively 
discrete, but in many cases the focus of malignancy is ill 
defined and obviously has an infiltrative attachment to the 
surrounding structures with fixation to the underlying chest 
wall, dimpling of the skin, and retraction of the nipple (Fig. 
25-21). Only rarely is there ulceration through the skin. The 
mass is quite characteristic on cut section. It is retracted 
below the cut surface, has a hard cartilaginous consis- 
tency, and produces a grating sound when scraped. 
Within the central focus, there are small pinpoint foci or. 
streaks of chalky-white, necrotic tumor (Fig. 25-22) and 
small foci of calcification. Sometimes, obvious long prolon- 
gations of fibrous tissue or tumor extend into the surrounding 
fibrofatty stroma of the breast, with no sharply defined outer 
limit or encapsulation. 

Histologically, the tumor consists of anaplastic duct 
lining cells disposed in cords, solid cell nests, tubes, 
glands, anastomosing masses, and mixtures of all these. 
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In some, clear-cut intraductal components can also be seen 
(Fig. 25—23). The cells are disseminated in a fibrous stroma, 
which varies in amount from one tumor to another, but also 
from one region to another of a single tumor. The cytologic 
detail of tumor cells varies from small cells with moderately 
hyperchromatic regular nuclei to huge cells with large irreg- 
ular and hyperchromatic nuclei. In many instances, the nuclei 
are surprisingly uniform in size and shape and display only 
a small number of mitotic figures. At the margins of the 
tumor mass, the neoplastic cells infiltrate into the stroma 
and fibrofatty tissue, and frequently invasion of perivascular 
and perineural spaces as well as blood and lymphatic 
vessels is readily evident (Fig. 25-24). 

MEDULLARY CARCINOMA WITH LYMPHOID INFILTRATION. This 
variant accounts for about 5% of all mammary carcinomas 
and tends to produce large fleshy tumor masses up to 5 to 
10 cm in diameter.*® These tumors do not have the striking 
desmoplasia (formation of fibrous tissue) of the usual carci- 
noma, and therefore are distinctly more yielding on external 
palpation and on cut section. On section, the tumor may 
bulge above the level of the native tissue and has a soft, 
fleshy, almost brainlike consistency. These masses grow 
centrifugally along a broad front and are often deceptively 
sharply delimited from the surrounding substance (Fig. 25— 
25). Foci of necrosis and hemorrhage are large and numer- 
ous. Histologically, the carcinoma is characterized by (1) 
solid sheets of large cells with vesicular, often pleomorphic 
nuclei, containing prominent nucleoli and frequent mitoses; 
and (2) a moderate-to-marked lymphocytic infiltrate between 
these sheets, with a scant fibrous component (Fig. 25-26). 
It is the lymphoid infiltrate that gives these tumors their 
special significance, since such tumors have a distinctly 
better prognosis than the usual infiltrating duct carcinomas, 
even in the presence of axillary lymph node metastases. 
The ten-year survival rate for these tumors is 84%.°° 

COLLOID OR Mucinous CARCINOMA. This unusual variant 
tends to occur in older women and grows slowly over the 
course of many years, producing large, gelatinous masses. 
The tumor is extremely soft and has the consistency and 
appearance of pale gray-blue gelatin. It may occur in pure 
form or in association with other types. 

Histologically, this tumor usually takes on one of two 
patterns of growth, which may coexist in a single lesion. 
There may be large lakes of lightly staining, amorphous 
mucin that dissect and extend into contiguous tissue spaces 
and planes of cleavage. Floating within this mucin are small 
islands and isolated neoplastic cells, sometimes forming 
glands (Fig. 25-27). Vacuolation of at least some of the 
cells is characteristic. In other colloid tumors, the histologic 
appearance may be essentially that of an adenocarcinoma, 
with well-defined glands, the lumina of which contain muci- 
nous secretions. The cells lining the glands usually contain 
obvious vacuoles of similar substance. Basic to these var- 
iants is the production of abundant mucin, either intra- or 
extracellularly. 

The survival rate is appreciably greater in pure 
colloid carcinoma than in the usual infiltrating duct 
carcinoma, and lymph node metastases are infrequent.°' 

Pacet’s Disease. Paget’s disease of the breast is a 
specialized form of ductal carcinoma that arises in the main 
excretory ducts of the breast and extends to involve the skin 
of the nipple and areola.®?°* As a consequence of this 
malignant invasion of the skin, eczematoid changes occur 
in the nipple and areola. Careful morphologic study of these 
lesions has demonstrated beyond doubt that infiltrating 
ductal carcinoma or, less commonly, intraductal carci- 
noma invariably antedates the skin change. This disease 
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Fig. 25-22 
Figure 25-21. Carcinoma of breast, infiltrating. Tumor is transected through middle, and breast is 


viewed obliquely to illustrate retracted mass and fixation to and dimpling of attached skin. 
Figure 25-22. Carcinoma of breast, infiltrating. Cut surface illustrates lack of demarcation, fixation to 


skin, and chalky foci of necrosis within mass. 
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Figure 25-23. Ductal carcinoma. Tumor cells fill ducts and have Figure 25—24. Invasive carcinoma of breast. Tumor has surrounded 
invaded stroma. nerve fibers (arrows) and is lying within a lymphatic space. 


Figure 25-25. Carcinoma of breast, medullary type. The large bulky mass appears deceptively 
discrete. ; 
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lymphocytes infiltrating epithelial tumor. 


tends to occur in an age group slightly older than that with 
the common forms of breast carcinoma. Since Paget's 
disease of the nipple implies extension to the skin, the 
prognosis is somewhat less favorable than in the simple 
noninvasive ductal carcinoma. About 30 to 40% of these 
women have metastases at the time of surgery. 

The most striking gross characteristics of this lesion 
involve the skin. The skin of the nipple and areola is 
frequently fissured, ulcerated, and oozing. There is surround- 
ing inflammatory hyperemia and edema. In far-advanced 
cases, total ulceration of the nipple and areola may occur 
(Fig. 25-28). Superimposed bacterial infection may cause a 
localized suppurative necrosis, which masks the eczema- 
like changes. An underlying lump or mass is only rarely 
present. 

Section through the lesion invariably reveals marked 
proliferation within ducts similar to the other forms of ductal 
carcinoma. In far-advanced lesions, the tumor extends 
through the duct basement membrane, at which time the 
other characteristics of the carcinoma may be present. 

The histologic hallmark of this entity is the invasion 
of the epidermis by malignant cells, referred to as Paget 
cells. These cells are large, anaplastic, and hyperchromatic 
and are usually surrounded by a clear zone or halo (Fig. 
25-29). The halo, once thought to represent “ballooning 
degeneration,” can be stained with such mucopolysaccha- 
ride stains as Alcian blue. In addition to the Paget cells, the 
other histologic criteria of ductal carcinoma are present. 
(See also Paget's disease of vulva, p. 1118.) 

Lobular Carcinoma. Lobular carcinoma is a relatively 
distinct morphologic form of mammary cancer®** °° that prob- 
ably arises from the terminal ductules of the breast lobule.*’ 
Although making up only 5 to 10% of breast carcinomas, 


invasive lobular carcinomas are of particular interest for a 
number of reasons: (1) they tend to be bilateral far more 
frequently than those arising in ducts (the likelihood of cancer 
in the contralateral breast being on the order of 20%); (2) 
they tend to be multicentric within the same breast; and (3) 
they have a higher incidence of estrogen receptor positivity 
(p. 1188). 

Grossly, the tumor is rubbery and poorly circumscribed, 
but sometimes appears as a typical scirrhous type. Histolog- 
ically, it consists of strands of infiltrating tumor cells, often 
only one cell in width (in the form of an “Indian file’), loosely 
dispersed throughout the fibrous matrix (Fig. 25-30). The 
cells are small and uniform-staining with relatively little 
cytologic pleomorphism. Irregularly shaped solid nests and 
sheets may also occur in continuity with the single-file 
pattern. The tumor cells are frequently arranged in concentric 
rings about normal ducts, this pattern being virtually diag- 
nostic of invasive lobular carcinoma. However, differentiation 
between ductal and lobular infiltrating carcinoma may very 
often be quite difficult, and in some tumors mixed ductal and 
lobular patterns exist (Table 25-1). When these tumors 
metastasize to lymph nodes, they rarely form sheets or nests 
of epithelial cells, and may therefore resemble undifferen- 
tiated carcinomas or histiocytic lymphomas. 

Lobular carcinoma in situ is a histologically unique 
lesion manifested by proliferation, in one or more terminal 
ductules and/or acini, of cells that are loosely cohesive, 
somewhat larger than normal, and have rare mitoses and 
oval or round nuclei with small nucleoli (Fig. 25-31). These 
lesions were initially described as incidental findings in 
breasts removed for fibrocystic disease or the resection of 
invasive carcinoma.*’ The frequency with which such change 


Figure 25-27. Colloid carcinoma Note lakes of lightly staining 
mucin with small islands of tumor cells. 


Figure 25-28. Paget's disease of breast. Lesion is far advanced 
and has destroyed nipple. 


may develop into invasive carcinoma in the same breast® 
varies considerably, ranging from 4 to 25%, these differences 
probably being due to problems of sampling and variable 
criteria for diagnosis. In particular, differentiation of lobular 
carcinoma in situ from so-called atypical lobular hyperpla- 
sia may be difficult, the latter being a somewhat more 
common accompaniment of fibrocystic disease. In a survey 
of 99 patients not treated with mastectomy and followed for 
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Figure 25-29. Paget's disease of breast. Classic Paget cells dot 
the epithelium. 
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Figure 25-30. Carcinoma of breast, infiltrating lobular type. Small 
nests of tumor cells are embedded within a dense fibrous stoma. 
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24 years, the frequency of subsequent carcinoma devel- 
oping in the same or contralateral breast was 36.9%, nine 
times greater than expected for the general population. In 
Haagensen’s series of 263 patients,'*® the increased risk 
was 6.9 times greater. The infiltrating carcinomas that sub- 
sequently developed in both studies were either ductal or 
lobular. 

There are additional morphologic features common to 
all infiltrative breast carcinomas, whatever the histologic 
types. As focal lesions, they extend progressively in all 
directions. In the course of time, they may become adherent 
to the deep fascia of the chest wall and thus become fixed 
in position. Extension to the skin may cause not only fixation 
but retraction and dimpling of the skin, an important 
characteristic of malignant growth. At the same time, the 
lymphatics may become so involved as to block the local 
area of skin drainage and cause lymphedema and thickening 
of the skin, a change that has for years been referred to as 
orange peeling. When the tumor involves the main excre- 
tory ducts, particularly in the intraduct variety, retraction of 
the nipple may develop. Certain carcinomas tend to infiltrate 
widely through the breast substance, involve the majority of 
the lymphatics, and produce acute swelling, redness, and 
tenderness of the breast, referred to clinically as inflam- 
matory carcinoma. This is not a special morphologic pattern 
but merely implies widespread dissemination. It tends to 
develop with pregnancy. Very late lesions may cause ulcer- 
ation of the skin or extension within the skin to produce the 
form that was at one time illustrated in medical texts as 
carcinoma en Cuirasse (Fig. 25-32). 

The ultilization of mammography has directed attention 
to the calcium content of mammary cancers, since the 
appearance of radiodense deposits has been regarded as 
an important radiologic feature of carcinoma. Foci of calcifi- 
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Figure 25-31. Lobular carcinoma in situ. Note proliferation of well- 
differentiated tumor cells in terminal ducts and acini. 


cation are indeed present in 60% of cancers if special stains 
for calcium are done, although routine H and E sections 
may miss many of these. However, the incidence of calcific 
Opacifications in benign lesions approaches that in malignant 
tumors, and furthermore over 40% of cancers are not sub- 
stantially calcified. 

Spread of the tumor eventually occurs through the 
lymphohematogenous routes. The pathways of lymphatic 
dissection are in all possible directions: lateral to the axilla, 
superior to the nodes above the clavicle and the neck, 
medial to the other breast, inferior to the abdominal viscera 
and lymph nodes, and deep to the nodes within the chest, 
particularly along the internal mammary arteries. The two 
most favored directions of drainage are the axillary nodes 
and the nodes along the internal mammary artery. 

Overall, about two-thirds of all patients have metastases 
to lymph nodes at the time of initial diagnosis of breast 
cancer. The pattern of nodal spread is heavily influenced 
by the location of the cancer in the breast. Tumors arising 
in the outer quadrants involve the axillary nodes alone in 
about 50% of cases, and have both internal mammary and 
axillary involvement in an additional 15% of cases. In con- 
trast, cancers arising in the inner quadrants and center of 
the breast affect the axilla alone in about 25% of cases. In 
an additional 40%, internal mammary nodes are affected, 
often with axillary involvement.’° The supraclavicular nodes 
are the third most favored site of nodal spread. As will be 
seen, nodal involvement seriously prejudices the prognosis. 
Distant metastases via the bloodstream may affect virtually 
any organ of the body and, on occasion, extremely wide- 
spread dissemination is encountered. Favored sites for dis- 
semination are the lungs, bones, liver, and adrenals. Some 
of the most bizarre metastatic involvements, such as spread 


to the pituitary gland, eyes, and skin, are seen in this form 
of cancer. 


GRADING AND STAGING OF BREAST CANCER. The 
many histologic grades and stages of breast cancer have 
been subdivided into smaller homogeneous groups to 
standardize comparisons of results of various therapeutic 
modalities among clinics.© A plethora of classifications 
has led to mass confusion, but at present three are 
widely used: one based on histologic details and the 
other two on the extent of spread of cancer. From the 
histologic classification described earlier, cancers may 
be roughly divided as follows: 

Nonmetastasizing: intraductal or comedocarcinoma 
without stromal invasion; in situ lobular carcinoma. 

Uncommonly metastasizing: pure extracellular mu- 
cinous or colloid cancer; medullary cancer with lympho- 
cytic infiltration; tubular adenocarcinoma, infiltrating 
papillary. 

Moderately to highly metastasizing: all other types. 

The American Joint Committee on Cancer Staging 
more or less follows the recommendations of the TNM 
terminology of the UICC (p. 229) and divides the clinical 
stages as follows: 

Stage |. A tumor less than 5 cm in diameter without 
nodal involvement and no metastases. 

Stage II. A tumor less than 5 cm in diameter with 
involved but movable axillary nodes and no distant 
metastases. 

Stage Ill. All breast cancers of any size with possible 
skin involvement, pectoral and chest wall fixation, and 
nodal involvement including axillary nodes, fixed but 
without disseminated metastases. 

Stage IV. Any form of breast cancer with or without 
nodal involvement, pectoral fixation, skin ulceration, or 
chest wall fixation, but having disseminated metastases. 

The clinical classification more frequently utilized 
today in the U.S. is the Columbia Clinical Classification, 
which was proposed more than 20 years ago by Haagen- 
sen and colleagues: 

Stage A. No skin edema, ulceration, or solid fixation 
of tumor to chest wall. Axillary nodes not clinically 
involved. 

Stage B. Same as Stage A, but with clinically 
involved nodes. The latter should be less than 2.5 cm 
in transverse diameter and not fixed to the skin or 
deeper tissues of axilla. 

Stage C. Any one of five grave signs of breast 
carcinoma: (1) edema of skin, (2) skin ulceration, (3) 
fixation of tumor to chest wall, (4) massive involvement 
of axillary lymph nodes, and (5) fixation of nodes to skin 
or deeper structures of axilla. 

Stage D. All other patients with more advanced 
cancer including two or more of the signs listed in Stage 
C. 

CLINICAL Course. Cancers of the breast are usually 
first discovered by the patient or physician as a solitary, 
painless mass in the breast. The older the patient with 
a single breast mass, the more likely is it to be cancer. 
When first discovered, these cancers are deceptively 
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Figure 25-32. Carcinoma of breast. Tumor has extensively invaded skin in pattern referred to as 
“carcinoma en cuirasse.” 


freely movable and delimited. Accordingly, the differ- 
ential diagnosis extends to virtually every disorder in 
this chapter, including the variants of fibrocystic disease, 
fat necrosis, scarring of an abscess, and benign tumors. 
Many cancers are first detected by the patient during 
self-examination. On the average, these lesions are 4 
cm in diameter when first found, and approximately 
two-thirds have already spread to axillary or other nodes. 
Intraductal cancers, which rarely produce palpable 
masses, more often come to attention by the appearance 
of a discharge (sometimes hemorrhagic) from the nipple. 

Because early treatment of localized disease is the 
best hope of total eradication, an enormous effort is 
being made to identify breast cancers while they are 
still in Stages I to I]. Health education and frequent 
self-examination may help but may not accomplish this 
goal.®? A number of factors influence the validity of the 
self-examination technique, principally breast size. Cur- 
rently, emphasis is being placed on more frequent, 
regular medical examinations and mammography, xe- 
roradiography, thermography, and ultrasonic studies as 
screening techniques in high-risk women. With such 
procedures, it is always necessary to weigh false-nega- 
tive and false-positive results and risks from the proce- 
dures themselves against benefits of early diagnosis.™ 
The role of mass screening by mammography is contro- 
versial, and the National Cancer Institute Committee 
report recommended that since no mortality benefit was 
evident in women under 50 whose carcinoma was de- 
tected by mammography, screening should be stopped 
in such women.™ A more recent analysis of a screening 
program, however, strongly supported the efficiency of 


mammography in detecting early cancers in women 35 
to 49 years of age and the low risk of radiation with 
currently used mammography techniques.® At present, 
the following guidelines are recommended:™ © (1) 
women 40 to 49 years of age should have a physical 
examination of the breast annually, and mammography 
every one to two years; (2) for those with a previous 
breast cancer or a strong family history, periodic screen- 
ing should begin at age 35; (3) in women over 50, 
whether symptomatic or asymptomatic, periodic screen- 
ing programs are recommended. 

At present, it is impossible to present a concise 
consensus of the most effective methods of treating the 
varying stages of breast cancer. In particular, contention 
continues over the effectiveness of the following ap- 
proaches in the treatment of early breast cancer, i.e. 
cancer localized at presentation:® (1) radical mastectomy 
(which includes removal of axillary nodes and pectoral 
muscles); (2) supraradical mastectomy (usually following 
biopsy of the supraclavicular and internal mammary 
nodes), which includes, in addition to radical mastec- 
tomy, removal of internal mammary nodes and supra- 
clavicular nodes on the same side; (3) simple mastectomy 
with axillary lymph node dissection; (4) simple mastec- 
tomy or local excision of the lesion along with intensive 
irradiation (McWhirter technique); (5) modified radical 
mastectomy with prophylactic, postoperative irradia- 
tion; (6) radiation alone; and (7) radical or simple 
mastectomy with adjuvant chemotherapy. 

It should be emphasized that even patients with 
histologically negative axillary nodes cannot be assumed 
to have localized disease. With radical mastectomy alone 
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there is at least a 24% treatment failure after ten years, 
suggesting that breast cancer is frequently a systemic 
disease at the time of operation. For these reasons, 
prophylactic postoperative therapy with cytotoxic che- 
motherapeutic agents (adjuvant therapy) has been ad- 
vocated, and several long-term cooperative studies have 
suggested a significant benefit in survival over surgery 
alone.* 

In addition to surgery, radiation, and chemother- 
apy, a host of other interventions are employed, either 
to support the primary treatment or as secondary meas- 
ures in those who fail to respond or suffer recurrences 
and metastases. Ovariectomy may be performed in 
premenopausal women in an effort to reduce levels of 
circulating estrogens. Adrenalectomy and hypophysec- 
tomy are additional measures employed in patients with 
progressive disease and pain (usually arising in bone 
metastases), in hope of prolonging life. 

Currently, the presence or absence of cytoplasmic 
estrogen receptors (p. 1179) in human breast tumors is 
being used to predict and monitor their “hormonal 
dependency,” and hence the response of metastatic 
breast carcinoma to procedures that reduce the level of 
such hormones. About two-thirds of primary breast 
cancers are receptor positive with a higher frequency of 
positivity in premenopausal women. Fifty to 70% of 
tumors containing estrogen receptors regress after 
oophorectomy, adrenalectomy, or hypophysectomy, 
whereas only 5% of estrogen receptor—negative tumors 
respond to these procedures. Progesterone receptors 
are also present in breast tumors, and the highest 
response rates to endocrine ablation are in patients with 
tumors containing both receptors. © 

The prognosis in breast cancer is modified by the 
histologic grade and type of lesion, the clinical stage at 
time of discovery, and such other variables as concom- 
itant pregnancy (the disease appears to be more virulent 
during pregnancy) and the adequacy of primary treat- 
ment. Unfavorable prognostic signs include the follow- 
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Extensive edema of the skin over the breast. 
Edema of the arm. 

Satellite nodules in the skin over the breast. 
Extensive skin ulcerations. 

Fixation to the chest wall. 

. More than three positive axillary nodes, or 
fixed or enlarged (over 2.5 cm) nodes. 

7. Spread to internal mammary nodes. 

8. Supraclavicular metastases. 

9. Inflammatory carcinoma (redness, swelling, 
and increased heat in the affected breast due to diffuse 
permeation of the cancer into the regional lymphatics 
and blood vessels). 

10. Distant metastases. 

As to the histologic type of tumor, 30-year follow- 
up of 1458 consecutive operable infiltrating cancers 
treated by radical mastectomy gives the following re- 
sults: comedocarcinoma, 74% survival; papillary, 65%; 
medullary, 58%; colloid, 58%; infiltrating lobular, 34%; 
simple (scirrhous) infiltrating ductal, 29%.” 
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In the overall view of breast cancers, the five-year 
survival is about 50%. This rate is heavily weighted by 
the fact that approximately 25% of breast cancers are 
found to be inoperable at the time of discovery. The 
five-year survival rate for all patients treated by radical 
mastectomy is 50 to 55%. In women with histologically 
negative lymph nodes, there is an 84% five-year survival 
rate and a 62% ten-year survival, without evidence of 
residual disease. The presence of one to three positive 
axillary lymph nodes only slightly worsens the prognosis. 
It should be noted that recurrence may appear late, 
even after ten years, but with each passing year free of 
disease the prognosis improves. Thus, five years after 
surgery, those free of disease have an 80% additional 
five-year survival. With fixed large (over 2.5 cm) nodes, 
or over three positive nodes in the axilla, five-year 
survival drops to 30% and ten-year survival to 20%. As 
stated earlier, there is still much uncertainty as to the 
best method of treatment of early breast cancer, and 
more data need to be gathered on carefully controlled 
and matched series. 

Thus, this discussion of breast cancer ends virtually 
where it began. The clinical problem is monumental; 
despite great efforts to solve it, there is much yet to be 
learned. 

Miscellaneous Malignancies. Malignant neoplasia 
may arise from the skin of the breast, sweat glands, 
sebaceous glands, and hair shafts, or from the connective 
tissues and fatty stroma. These tumors are identical to 
their counterparts found in other sites of the body. 
Those arising from skin grow as basal or squamous cell 
carcinoma. Cancers arising in the skin adnexa grow as 
carcinomas of sweat gland or sebaceous gland origin. 
Malignancies of the stroma are, of course, sarcomas’! 7” 
and include fibrosarcomas, myxosarcomas, liposarcomas, 
angiosarcomas, chondrosarcomas, and osteogenic sar- 
comas, the last-named primarily derived from metaplas- 
tic differentiation of the fibroblasts. Of the same origin 
are the extremely rare primary malignant lymphomas. 
As a general rule, sarcomas occur in the same age range 
as carcinomas and differ chiefly in their rate of growth. 
They tend to produce large, bulky, fleshy masses that 
cause rapid increase in breast size with considerable 
distortion of breast contour. Attachment to the skin 
surface and ulceration are, perhaps, more common with 
this rapid growth than with carcinomas. Sarcomas as a 
group spread via the lymphatics to the axillary nodes, 
but also frequently metastasize via the blood to distant 
organs, particularly the lungs. The clinical outlook in 
these cases is poor. Angiosarcomas, in particular, are 
the most rapidly fatal of breast tumors. 


Male Breast 


The rudimentary male breast is relatively free from 
pathologic involvement. Only two processes occur with 
sufficient frequency to merit consideration. 


GYNECOMASTIA 


The embryogenesis and development of the male 


breast parallel those of the female breast up to the age 
of puberty. At this point, only the major breast ducts 
are formed, with a scant amount of secondary duct 
branching. Gland lobules are not found in the normal 
male breast. As in the female, the male breast is subject 
to hormonal influences, but is considerably less sensitive 
than the female. Nonetheless, enlargement of the male 
breast (gynecomastia) may occur in response to excesses 
of estrogen. It is encountered under a variety of normal 
and abnormal circumstances.” It may be found at the 
time of puberty or in the very aged, in the latter 
presumably owing to a relative increase in adrenal 
estrogens as the androgenic function of the testis fails. 
It is one of the manifestations of Klinefelter’s syndrome 
(p. 129) and may occur in those with functioning testic- 
ular neoplasms such as Leydig cell and, rarely, Sertoli 
cell tumors. It may occur at any time during adult life 
when there is cause for hyperestrinism. The most im- 
portant cause of hyperestrinism in the male is cirrhosis 
of the liver, since the liver is responsible for metaboliz- 
ing estrogen. 


Grossly, the lesion may be unilateral or bilateral. Uni- 
lateral disease is explained as an increased sensitivity of 
the tissues in one breast. A button-like, subareolar enlarge- 
ment develops. In farther advanced cases, the swelling may 
simulate the adolescent female breast. On section, the 
breast tissue is white and rubbery and has minute, elevated, 
pinkish spots dispersed throughout it. This architectural 
pattern is reminiscent of that found in certain forms of cystic 
hyperplasia. 

Microscopically, there is proliferation of a dense, peri- 
ductal hyaline, collagenous connective tissue, but more 
striking are the changes in the epithelium of the ducts.” 
There is marked hyperplasia of the ductal linings with the 
piling up of multilayered epithelium (Fig. 25-33). The indi- 
vidual cells are fairly regular, columnar to cuboidal with 
regular nuclei. Occasionally there may be some variation in 
cell size and considerable disorientation of the heaped-up 
lining cells. Anaplasia is absent. The basal membranes are 
intact and the lumina of the ducts are rarely filled. There is 
minimal periductal lymphocytic and plasma cell infiltration. 
The microscopic changes, then, are similar to the ductal 
hyperplasia found in cystic hyperplasia in the female. 


The lesion is readily apparent on clinical examina- 
tion, and must be differentiated only from the seldom- 
occurring carcinoma of the male breast. Gynecomastia 
is chiefly of importance as an indicator of hyperestrin- 
ism, suggesting the possible existence of a functioning 
testicular tumor, or the possible presence of cirrhosis of 
the liver. Gynecomastia may also be seen in chronic 
marijuana smokers and heroin addicts, and may some- 
times occur without apparent cause. 


CARCINOMA 


Carcinoma arising in the male breast is a very rare 
occurrence with a frequency ratio to breast cancer in 
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Carcinoma 


Figure 25-33. Gynecomastia. There is diffuse interductal fibrosis 
and hyperplasia of lining epithelium. 


the female of 1:100.:It occurs in advanced age. Because 
of the scant amount of breast substance in the male, the 
malignancy rapidly infiltrates to become attached to the 
overlying skin and underlying thoracic wall. Ulceration 
through the skin is perhaps more common than in the 
female. These tumors behave exactly as do the invasive 
ductal carcinomas in the female, but on the whole tend 
to have less striking desmoplasia and, hence, less of the 
hard, scirrhous quality.” Some resemble infiltrating 
lobular carcinoma.” Dissemination follows the same 
pattern as in women, and axillary lymph node involve- 
ment is present in about one-half of cases at the time of 
discovery of the lesion. Distant metastases to the lungs, 
brain, bone, and liver are common. 


Interpretation of Breast Masses 


The differential diagnosis of a mass in the female 
breast is the most important clinical problem that arises 
in relation to this organ. It is a common clinical problem. 
The general principle to which most physicians adhere 
is that all suspicious areas in the breast must be consid- 
ered as possible cancer until proved otherwise. On this 
basis, the consensus would favor immediate biopsy 
investigation of all such lesions. This alarmist attitude 
may result in a certain number of “unnecessary” surgical 
procedures, but in the long run the greatest good will 
be done for most patients. Admitting the difficulties in 
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clinical differential diagnosis of breast masses, it is 
nonetheless desirable to consider the various lesions 
that may be present according to the age group of the 
patient. Such a consideration provides a foundation for 
the clinical approach to the problem and helps to make 
possible a correct preoperative diagnosis. 
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BREAST MASSES IN WOMEN 
UNDER 35 


Fiprocystic DISEASE. Fibrocystic disease is, with- 
out question, the most important cause of breast abnor- 
malities in this age group. These lesions occasionally 
produce single, unilateral masses but, as has been 
indicated, many cause multifocal and bilateral involve- 
ment that aids in the appropriate diagnosis. Needle 
aspiration of a solitary cyst may preclude the necessity 
of “open” biopsy. 

FIBROADENOMA. This solitary, circumscribed, well- 
delimited benign tumor is the most common neoplasm 
in this age group. 

Mastitis. These focal or diffuse infections develop 
particularly during pregnancy and nursing. They are 
usually accompanied by local and systemic signs of 
inflammation, rendering the diagnosis reasonably ap- 
parent. In the presence of these inflammatory reactions, 
it may be justifiable to observe the process for a reason- 
able time to determine whether or not it may totally 
disappear. Persistence of the mass, however, requires 
biopsy. 

TRAUMATIC FAT NECROSIS. This is a rare disorder 
that can be diagnosed only in the presence of a well- 
defined clinical history of injurv. In the absence of such 
a history, this diagnosis can be established only by 
histologic examination. 

CARCINOMA OF BREAST. Although malignancy is 
uncommon in this age group, it cannot be excluded on 
this basis. In clinical practice, it is distinctly more 
common than traumatic fat necrosis. 


BREAST MASSES IN WOMEN 
BETWEEN 35 AND 50 


This age range is most subject to the development 
of breast masses. 

Fiprocystic DISEASE. This is the most common 
cause of abnormal lesions in the breast in this age group 
also. All varfints of this disorder may be encountered, 
but the variants that show epithelial hyperplasia are 
perhaps more frequent. Since this lesion is associated 
with a higher-than-usual attack rate of cancer, surgical 
exploration is strongly indicated. The presence of a 
diffuse or bilateral involvement cannot be accepted as 
an indication for nonoperative observation. 

CARCINOMA. Mammary cancer is frequent in this 
age range, and ranks second only to cvstic disease as a 
cause of masses. Any one of the many forms of carcinoma 
mav be present, but the invasive, duct-derived variety 
is unquestionably the most prevalent. 


FIBROADENOMA. This benign tumor is distinctly 
less common in this age group than in younger women. 

TRAUMATIC FAT NECROSIS. Since no age is immune 
to this lesion, it also occurs in this age group. 

MastiTis. Acute inflammations are less common in 
this somewhat older age group, presumably because of 
the lower pregnancy rate. 

PAPILLOMA. Papillomas of the breast must be in- 
cluded in the differential diagnosis of lumps, although 
it is recognized that these lesions are frequently so small 
as to be entirelv occult. The abnormal discharge from 
the nipple is the most common presenting feature, but 
occasionally this secretion may be accompanied by al- 
terations in breast consistency. 


BREAST MASSES IN WOMEN 
OVER 50 


CARCINOMA. This is the most common cause of 
abnormal masses in this age group. 

FipRocystic DISEASE. Cystic disease occurs at or 
just after the menopause, and therefore must also be 
considered as an important cause of breast pathology in 
this group. 

Fat Necrosis. In the postmenopausal group, the 
atrophy of the breast parenchyma causes a relative 
increase in the amount of fat in the stroma. Accordingly, 
the breast in this age group is perhaps more subject to 
injurv than in younger women. 

PAGET’S DISEASE OF BREAST. This is given a sep- 
arate heading, because clinically it is often confused 
with dermatitis. In this age group, involutional atrophy 
of the skin predisposes to inflammatory conditions, and 
hence the eczematoid nature of the nipple lesions may 
deceive the patient into considering the process as a 
simple dermatitis. 

Acute Mastitis. Inflammations in this age group 
are quite rare. 

PAPILLOMA. These benign tumors may occur and 
produce abnormal discharge. 


The chief value of any such differential diagnosis 
lies merely in the collection of a list of entities that 
require consideration in the attempt to establish a 
correct preoperative diagnosis. Under no circumstances 
is it to be implied that the differential features permit 
a definite diagnosis without further investigative pro- 
cedures. 
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In the following sections, each of the endocrine 
glands is discussed individually. It must not be forgot- 
ten, however, that multiple endocrine glands occasion- 
ally are affected concomitantly in the individual patient 
in the complex and intriguing endocrinopathies known 
as the multiple endocrine neoplasia (MEN) syndromes 


Pituitary Gland 


NORMAL 
PATHOLOGY 
Hyperpituitarism—Anterior Lobe Tumors 
Disorders Associated with Hypopituitarism 
Nonsecretory (chromophobe) pituitary 
adenomas 


NORMAL 


No organ packs so much critical function into so 
little space as the pituitary. In the adult it weighs about 
0.5 gm and its greatest diameter is in the range of 10 
to 15 mm. During pregnancy it enlarges twofold. It is 
composed of two functionally separate components— 
the anterior lobe (adenohypophysis) made up of a me- 
lange of secretory epithelial cells, and a posterior lobe 
(neurohypophysis) representing an extension of the 
brain. The anterior lobe is derived from an evagination 
of the roof of the primitive oral canal called Rathke’s 
pouch, which extends superiorly toward the base of the 
brain to come to lie anteriorly to an outpouching of the 
floor of the third ventricle, constituting the anlage of 
the posterior lobe. Growth of the sphenoid bone creates 
the enclosing sella turcica, the floor of which detaches 
Rathke’s pouch from its origins. Occasionally, rests of 
epithelial cells persist within or below the sphenoid as 
accessory, sometimes functional, pharyngeal pituitary 
tissue. In contrast, the connection to the base of the 
brain persists as the pituitary stalk, providing direct 
anatomic continuity between the neurohypophysis and 
hypothalamus. A thick extension of the dura called the 
diaphragma sellae roofs over the sella; it has a central 
orifice through which the stalk passes. When this ap- 
erture is too large for the stalk or there are other 
diaphragmatic defects, the arachnoid mater may her- 
niate through when there is a prolonged increase in 
cerebrospinal fluid (CSF) pressure to compress the 
pituitary. The blood supply to the pituitary has many 
similarities to that of the liver.' Some is derived from 
branches of the internal carotid arteries, but most is 
furnished by a portal system derived from capillaries in 
the floor of the third ventricle. By coalescence these 
capillaries form long parallel vessels that course along 
the surface of the pituitary stalk, eventually to connect 
with vascular sinusoids in the anterior lobe. There are 
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Sheehan's syndrome 

Empty sella syndrome 

Hypothalamic suprasellar tumors 
Posterior Pituitary Syndromes 


SYSTEM 


(p. 988). Also not to be forgotten is the possibility that 
endocrinopathies may be caused by nonendocrine neo- 
plasms that elaborate hormones or hormone-like prod- 
ucts. These so-called “paraneoplastic syndromes’ (p. 
255) may closely simulate disorders having origin in the 
endocrine glands. 


also portal interconnections between stalk and anterior 
and posterior lobes. Thus, factors or hormones elabo- 
rated in the hypothalamus are readily delivered to the 
anterior and posterior lobes. 

Histologically the posterior and anterior lobes are 
totally dissimilar. The posterior lobe is composed of 
tangled nerve fibers through which are scattered occa- 
sional glial-like pituicytes. Electron microscopy reveals 
that the unmyelinated nerve fibers contain numerous 
membrane-bound, secretory granules of stored posterior 
pituitary hormones. There is no pars intermedia in the 
human but its location is sometimes marked by small, 
colloid-filled cysts or clefts. The anterior lobe, making 
up about 75 to 80% of the pituitary, is composed of 
round-to-polygonal epithelial cells disposed in cords and 
nests (sometimes forming pseudoglandular lumina) sep- 
arated by a rich fibrovascular network. At one time the 
cells of the anterior lobe were classified as eosinophils, 
basophils, or chromophobes on the basis of their uptake 
of acidic and basic dyes, but the distinctions were at 
best unsatisfactory. Immunoelectron microscopy and 
immunocytochemical methods using specific hormonal 
antibodies now reliably distinguish the various cells 
responsible for secretion of each of the anterior pituitary 
hormones. Each tropic hormone is produced by one 
type of cell and stored in secretory granules of somewhat 
distinctive size and nature. The gonadotropins, how- 
ever, are both elaborated by one cell type.? By immu- 
nocytochemical methods, about 25% of the anterior 
pituitary cells do not apparently contain any of the 
known hormones and so conform to the “chromophobes” 
of the past. Electron microscopy of these cells, however, 
usually reveals a sparsity of secretory granules, and so 
they are thought to be degranulated rather than non- 
functional. The salient features of the cells of the anterior 
pituitary are presented in Table 26-1. 

The hypothalamus is a major regulator of both 
anterior and posterior pituitary secretory activity.*® The 
neurohypophyseal hormones, vasopressin (antidiuretic 
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Table 26-1. CYTOLOGIC DETAILS OF ANTERIOR PITUITARY CELLS 


Cell Type/ ; 
Relative Frequency Hormone Hand E 
Lactotroph (15-20%) Prolactin (PRL) Acidophilic to 
(polypeptide) chromophobic 
Somatotroph (40-50%) Growth hormone (GH) Acidophilic rarely 
somatotropin chromophobic 
(polypeptide) 
Corticotroph (15-20%) Corticotropin (ACTH) Basophilic 
(polypeptide) 
Thyrotroph (5%) Thyrotropin (TSH) Basophilic 
(glycoprotein) 
Gonadotroph (5%) Follicle-stimulating (FSH) Basophilic to 
Luteinizing (LH) chromophobic 
(glycoproteins) 
Nonsecretory None Chromophobic 
undifferentiated cell 
(15-20%) 
Nonsecretory oncocyte None Chromophobic to 


(rare) acidophilic 


Mallory’s 
Trichrome/ immunocyto- 
PAS Granules chemistry 
Acidophilic, PAS Abundant to sparse Strong to PRL, may 
negative 200-900 nm cross-react with GH 
Acidophilic, PAS Abundant to sparse Strong to GH, may 
negative 350-450 nm cross-react with 
PRL 
Basophilic, PAS Abundant Strong to ACTH 
positive 300-350 nm 
Basophilic, PAS Numerous Strong to TSH 
positive 90-150 nm 
Often basophilic, Numerous Same cell reacts to 
PAS + 250-350 nm FSH and LH 
Chromophobic None to scant small No reaction to any 
granules antibody 
Acidophilic to More numerous No reaction to any 
chromophobic mitochondria antibody 


hormone—ADH) and oxytocin, are produced in neu- 
rosecretory cells in the hypothalamus and are then 
transported within vesicles along the axons that end in 
the posterior lobe, in which they are stored awaiting 
secretion. In contrast, adenohypophyseal function is 
regulated by “releasing” and “inhibiting” factors synthe- 
sized in the hypothalamus and carried to the anterior 
pituitary through the portal system. Without delving 
into all the details, releasing factors have been well 
characterized for thyrotropin (TSH), luteinizing hor- 
mone (LH), follicle-stimulating hormone (FSH), and 
corticotropin (ACTH), and less assuredly for growth 
hormone (GH) and prolactin (PRL). Two release-inhib- 
iting factors of hypothalamic origin have been identified. 
One is well established, namely, somatostatin, which 
regulates GH production; the other is prolactin-inhib- 
iting factor (PIF). Somatostatin production is not limited 
to the hypothalamus and its effects extend beyond the 
inhibition of GH release. There are some uncertainties 
about PIF. Dopamine, of neurogenic origin, inhibits 
PRL secretion, and it is not clear whether dopamine 
itself serves as the inhibitory factor or instead stimulates 
the secretion of PIF. Other influences also contribute 
to the regulation of anterior secretory function. Hor- 
mones elaborated by target endocrine glands in negative 
feedback loops inhibit anterior lobe cells. For example, 
thyroid hormones inhibit thyrotroph activity and glu- 
cocorticoids do the same with corticotrophs. 


PATHOLOGY 


Disorders of the pituitary must be divided into 
those involving primarily the anterior lobe and those 
involving primarily the posterior lobe. However, certain 
lesions—tumors, for example—may damage both. 

Diseases affecting mainly the adenohypophysis 
come to attention either as the consequence of increased 


or decreased production of tropic hormones or because 
of local space-occupying effects. Obviously, small lesions 
may remain entirely occult whatever their nature and 
may be discovered only at autopsy. The term hyperpi- 
tuitarism is used to mean increased secretion of one of 
the tropic hormones of the anterior lobe, generally by 
a functioning tumor or tumors of the anterior lobe. 
Rarely it is hypothalamic in origin or related to loss of 
feedback inhibition by target organ hormones. For 
example, with destruction of the adrenals, say, by 
metastatic cancer, the loss of corticosteroids will initiate 
hyperfunction of the corticotrophs. Hypopituitarism has 
more varied origins and appears whenever there is 
destruction of at least 75% of the anterior lobe. Infre- 
quently, it is hypothalamic in origin. 

The local consequences of anterior pituitary disease 
can be divided into three patterns.’ (1) Enlargement of 
the sella turcica, on x-ray or CT scan, is a major marker 
of pituitary disease and is caused by any expansile lesion 
such as a neoplasm (primary or secondary) or chronic 
edematous enlargement of the gland. (2) Visual disor- 
ders may bring the pituitary pathology to the patient’s 
attention. Classically it takes the form of bilateral ho- 
monymous hemianopsia, but other field defects are 
sometimes encountered. They result from encroach- 
ment of an expanding pituitary lesion on the immedi- 
ately adjacent optic chiasm and/or optic nerves. (3) 
Infrequently, large pituitary tumors bulge upward into 
the floor of the brain and raise intracranial pressure 
sufficiently to produce headache, nausea, vomiting, and 
other manifestations reminiscent of a brain tumor (Fig. 
26-1). Frequently the individual patient has more than 
one of these findings. A functioning pituitary adenoma 
not only may cause hyperpituitarism but also, with 
sufficient increase in size, may expand the sella turcica 
and produce visual disturbances as well as manifestations 
of a space-occupying lesion. On occasion the hyperpi- 
tuitarism is suddenly converted to hypopituitarism when 
a neoplasm undergoes spontaneous infarction as it out- 
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Figure 26—1. Above, CT scan of transverse plane of skull at level 
of pituitary fossa, revealing enlargement of sella caused by an 
expansile pituitary adenoma (arrow). Compare its size with trans- 
verse dimension of brain stem (double arrow). Below, Computer 
reconstruction of the same tumor in sagittal plane (arrow). It has 
bulged out of sella turcica, producing a moderately enlarged supra- 
sellar mass. (Courtesy of Dr. Calvin Rumbaugh, Department of 
Radiology, Brigham and Women's Hospital, Harvard Medical 
School.) 


grows its blood supply. The major anterior pituitary 
diseases can be encompassed within two categories: (1) 
hyperpituitarism—anterior lobe tumors and (2) disor- 
ders associated with hypopituitarism. 


HYPERPITUITARISM—ANTERIOR LOBE 
TUMORS 


For all practical purposes, hyperfunction of the 
anterior pituitary means an adenoma; carcinomas of the 
anterior lobe are exceedingly rare. The great majority 
of adenomas are monoclonal and so elaborate a single 
tropic hormone. For unknown reasons, PRL-secreting, 
GH-secreting, and ACTH-secreting adenomas make up 
90 to 95% of functional tumors collectively. Neoplasms 
producing TSH, LH, and FSH (strangely, the glvcopro- 
tein hormones of the anterior lobe) are very uncommon. 
In one collection of 564 pituitary adenomas, only four 
elaborated TSH.° On occasion an adenoma is associated 
with the production of two hormones, most often GH 


and PRL, but, as pointed out in Table 26-1, both of 
these hormones can sometimes be identified in one cell 
type. In some other instances the immunoperoxidase 
method reveals only a single hormone in the tumor 
cells, and the excess production of the other hormone 
must be attributed to a secondary effect of the neoplasm 
on the hypophyseothalamic regulatory apparatus. There 
are also rare instances of so-called mixed adenomas 
producing two hormones arising in two distinct popu- 
lations of cells. On the other extreme are the nonfunc- 
tional adenomas (formerly called chromophobe adeno- 
mas) that, by virtue of their expansile growth, destroy 
the surrounding normal parenchyma and so lead to 
hypopituitarism (discussed on p. 1196). In an analysis 
of a large series of adenomas, about 25 to 35% were 
nonfunctional, and the remainder secreted, in order of 
frequency, PRL (25 to 30%), GH (20 to 25%), ACTH 
(10 to 15%), and mixed hormones (5%). All the rare 
types collectively account for only 5%.°® 


MORPHOLOGY. It is impossible on gross examination 
and light microscopy with routine tissue stains to differentiate 
one type of adenoma from another reliably. Nonetheless, 
certain somewhat distinctive features can be identified and 
highlighted by the trichrome and PAS stains (as detailed in 
Table 26—1). Ultimate confirmation requires the use of im- 
munocytochemical methods.” Adenomas, whatever the cell 
type, range from microscopic foci (referred to, when less 
than 10 mm in diameter, as microadenomas) to large 
masses sometimes approaching 10 cm in diameter. Among 
the functional adenomas, those producing GH generally tend 
to be the largest, possibly because the endocrinopathy they 
produce develops insidiously, perhaps over the span of 
decades, and they achieve large size before being discov- 
ered (Fig. 26—2). PRL- and ACTH-secreting lesions range 
widely in size from microadenomas to expansile masses. 
Microadenomas are surprisingly common and were found in 
27% of an unselected series of autopsies, of which half were 
PRL secreting.* Are such lesions truly minute neoplasms 
that would, in time, enlarge or are they foci of insignificant 
hyperplasia? Contributing to the dilemma is the fact that 
many of these small lesions are poorly encapsulated, an 
atypical feature for benign neoplasms. However, even large 
adenomas sometimes have only a delicate capsule that may 
well be incomplete. Bulkier lesions enlarge the sella turcica, 
erode the clinoid processes, and sometimes, because of the 
poor encapsulation, rupture through the diaphragma to injure 
the optic chiasm or optic nerves. Large lesions penetrate 
into surrounding structures. Thus, adenomas may give 
the deceptive appearance of invasion into the cavernous 
sinuses, the nasal sinuses, the base of the brain, or other 
contiguous structures. Such aggressive local behavior does 
not imply malignancy. On transection the neoplasms are 
usually soft, red-brown, and discrete despite the lack of a 
Capsule and despite extension along broad fronts into con- 
tiguous structures. Larger lesions may develop foci of is- 
chemic necrosis, cystic softening, and hemorrhages (Some- 
times called pituitary apoplexy). Occasionally, very large 
adenomas undergo virtual total infarction as the expansile 
pressure compresses their blood supply. In this connection, 
you may recall that much of the blood supply is derived from 
the low-pressure portal system vulnerable to compressive 
occlusion. The non-neoplastic anterior lobe may be relatively 
preserved, may be markedly attenuated, or may have dis- 
appeared, depending on the size of the neoplasm. 
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Figure 26-2. Close-up detail of a pituitary adenoma still attached 
to brain. Compressed vessels and nerves are apparent above 


periphery. 


Microscopically, all adenomas have a fairly uniform 
appearance. The cells are disposed in sheets, cords, or 
nests having only a delicate, vascularized stroma. Some- 
times, pSeudoglandular or papillary formations are produced 
(Fig. 26-3). Small or large foci of coagulative necrosis may 
be present; indeed, in some larger lesions virtually all the 
cells may have become shadowy carcasses. Cytologically 
the cells usually are remarkably uniform and closely resem- 
ble their normal counterparts. On the other hand, in some 
neoplasms there is considerable cellular and nuclear pleo- 
morphism bordering on anaplasia. When such cytologic 
changes are found in neoplasms that have extended beyond 
the sella, the question arises—is it a cancer? To avoid 
overdiagnosis, most experts require evidence of meta- 
static dissemination for the diagnosis of carcinoma of 
the anterior pituitary. As might be expected, the more 
differentiated the cells, the more abundant are the cyto- 
plasmic granules, but lesions composed almost entirely of 
sparsely granulated cells may have marked secretory activ- 
ity, accounting for the past dilemma of so-called “functioning 
chromophobe adenomas.” 

Certain correlations can be drawn between the cytologic 
features mentioned in Table 26—1 and functional activity. 
Adenomas associated with the production of GH (somato- 
troph adenomas) and/or PRL are usually composed of richly 
or sparsely granulated cells. The former reveal brightly 
eosinophilic, orange-to-red cytoplasmic granules with con- 
ventional stains (eosinophilic adenomas). Sparsely gran- 
ulated cells suggest chromophobe adenomas. In contrast, 
neoplasms associated with ACTH secretion (corticotroph 
adenomas) usually have abundant granules, stain darkly, 
and react strongly with the PAS stain, and so are called 
“basophilic adenomas.” A distinctive alteration, referred 
to as Crooke’s hyaline change and sometimes seen in the 
corticotrophs, will be discussed in the consideration of Cush- 
ing’s syndrome (p. 1239). 
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Figure 26-3. A pituitary adenoma illustrating a tendency to papillary 
growth and poor demarcation from surrounding pituitary substance. 
Tumor cells are uniform in size and compress adjacent normal 
gland (above). 


Primary carcinomas of the anterior lobe should be 
mentioned. They are rare, are usually sufficiently undiffer- 
entiated so that the cell type of origin cannot be identified, 
and only rarely elaborate hormones. There may be some 
cytologic anaplasia, but it is rarely enough to differentiate 
reliably the carcinoma from an adenoma. As already pointed 
out, local invasion is also unreliable; thus, evidence of 
metastatic spread is the only valid criterion of malignancy. 


CLINICAL CouRSE. Pituitary adenomas occur in 
both sexes at any age but are somewhat more common 
in men, particularly between the ages of 20 and 50. 
Rarely, the pituitary tumor is accompanied by lesions 
in other endocrine glands in MEN I (p. 988). Adenomas 
may come to clinical attention because of their hormonal 
function. Alternatively, the local effects of the expanding 
lesions may constitute the presenting complaints, par- 
ticularly with the 25% that are nonsecretory and are 
discussed later as potential causes of hypopituitarism. 
Many remain occult, however, particularly microaden- 
omas, and are discovered only at autopsy. We need not 
delve deeply into the endocrinologic manifestations of 
all functioning adenomas; remarks will be confined 
largely to brief characterizations of the syndromes as- 
sociated with the three common types. 

Hyperprolactinemia is now recognized to be the 
most common endocrinopathy caused by pituitary tu- 
mors. Classically (but not always) it is marked by the 
amenorrhea-galactorrhea syndrome in women.® Since 
these manifestations are so overt, PRL-secreting ade- 
nomas are usually discovered while very small, i.e., 
microadenomas. There are, however, many other causes 
of hyperprolactinemia and/or amenorrhea and galactor- 
rhea; for example, lesions in the hypothalamus, drugs 
that impair dopaminergic transmission (methyldopa, re- 
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serpine), and estrogen therapy. Thus, the clinical diag- 
nosis of a prolactinoma requires not only the confirma- 
tion of elevated plasma levels of PRL but also evidence 
of an anterior lobe neoplasm such as visual field defects 
or enlargement of the sella. When these neoplasms arise 
in males they usually come to attention because of local 
effects, and so the adenomas generally are much larger. 
Rarely, they cause decreased libido or infertility. Al- 
though surgical excision (or sometimes irradiation) is the 
standard form of treatment for all pituitary adenomas, 
promising results have been obtained from the admin- 
istration of bromocriptine. This agent acts as a dopamine 
agonist and, by stimulating hypothalamic function, in- 
creases the output of prolactin-inhibiting factor. Unfor- 
tunately, this form of therapy may not reduce the size 
of the tumor and has other limitations.’® 

Excess secretion of GH by somatotroph adenomas 
induces gigantism in the prepubertal child and acro- 
megaly in adults. Gigantism appears when the epiphyses 
have not fused and the high plasma levels of somatotro- 
pin, perhaps mediated by somatomedins, stimulate ex- 
traordinary skeletal growth to produce the pathetic 
circus giants of the past, sometimes 8 to 9 feet tall. 
Despite the size of these individuals, myopathies, neu- 
ropathies, and arthropathies appear early in life, reduc- 
ing these giants to tottering hulks. Fortunately, this 
condition has virtually disappeared because of early 
recognition and removal of the adenoma. Acromegaly, 
on the other hand, is the second most common hyper- 
pituitary state. The disordered growth is far more insid- 
ious than gigantism, and although it may begin in early 
adult life, the physical changes are usually not recog- 
nized until years to decades later. The insidiously ap- 
pearing somatic changes are often not detectable without 
earlier photographs for comparison. Most striking is the 
enlargement and coarsening of the facial features, hands, 
and feet, namely, “megaly” of the acral parts. When 
fully expressed, the protruding jaw, thick lips, overly 
large tongue, and accentuated orbital and frontal ridges 
can be recognized at a distance (Fig. 26-4). A host of 
metabolic changes may also be present, among which 
are glucose intolerance (and sometimes overt diabetes 
mellitus), osteoporosis, and hypertension. Also, these 
patients frequently have visual field defects and enlarge- 
ment of the sella because somatotropic adenomas often 
become large by the time they are discovered. Surgical 
excision is the treatment of choice, but some success 
has been achieved with bromocriptine. 

Corticotropin-secreting adenomas produce secon- 
dary adrenal cortical hyperfunction, known as pituitary 
Cushing's syndrome. An analogous hyperadrenal state 
(described on p. 1237) may also be caused by adrenal 
functioning tumors, ectopic production of ACTH by 
nonendocrine cancers (such as those of the lung), and 
exogenous adrenal steroids. It is sufficient to note here 
that the pituitary adenomas giving rise to Cushing's 
syndrome are usually small, often conform to microad- 
enomas, and (rarely) cause signs and symptoms related 
to tumorous enlargement of the pituitary. 

Secretory pituitary adenomas less regularly induce 
other syndromes. Most common among these relative 
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Figure 26—4. Acromegaly in a 60-year-old woman. 


rarities are mixed complexes resulting from the simul- 
taneous production of two hormones such as GH and 
PRL (as noted earlier). Other rarities are TSH-secreting 
adenomas that induce hyperthyroid syndromes (p. 1203) 
and the even more exotic gonadotropin-secreting ad- 
enomas. 

Still other complexities are introduced by the pos- 
sible effects of the secretory adenoma on the surround- 
ing non-neoplastic pituitary gland. Thus, pressure on 
the posterior pituitary may impair ADH secretion and 
add an element of diabetes insipidus to the endocrin- 
opathy. Analogously, an ACTH-secreting adenoma may 
sometimes lead to hypothyroidism by destruction of the 
non-neoplastic thyrotrophs. The variable clinical pat- 
terns produced by secretory adenomas are almost end- 
less, but it should not be forgotten that they could have 
their origin in a nonendocrine cancer: for example, the 
ectopic production of hormones by an undifferentiated 
bronchogenic carcinoma. 


DISORDERS ASSOCIATED WITH 
HYPOPITUITARISM 


Hypofunction of the adenohypophysis may result 
from lesions in the hypothalamus or in the anterior lobe 
of the pituitary. Hypothalamic lesions are on the whole 
extremely rare; only the suprasellar craniopharyngioma, 
the glioma, and germ cell tumors occur with sufficient 
frequency to merit description later. Such tumors may 
produce a variety of clinical syndromes including dia- 
betes insipidus, growth acceleration, stunting of growth, 
and/or delayed puberty.'' More commonly, hypopitui- 
tarism arises from destructive processes directly involv- 
ing the adenohypophysis, the three most common being 


nonsecretory adenomas, Sheehan's pituitary necrosis, 
and the empty sella syndrome. Together they account 
for over 90% of instances of panhypopituitarism. The 
remaining causes of pituitary insufficiency include met- 
astatic neoplasms; invasion by a meningioma; disruption 
of blood supply by systemic arteritis or thrombosis of 
cavernous venous sinuses; inflammatory destruction of 
the anterior lobe by sarcoidosis, tuberculosis, or other 
infections (such as extension of a meningitis); surgical or 
radiation ablation of the pituitary; and such miscella- 
neous conditions as Hand-Schiiller-Christian disease, 
Tay-Sachs disease, and hemochromatosis (Fig. 26-5). 
Whatever the underlying disorder, pituitary hypofunc- 
tion is unlikely to be manifest until at least 75% of the 
anterior lobe is destroyed. With panlobar destruction, 
the impairment in tropic hormone production most often 
becomes evident in the following temporal sequence: 
gonadotropins, GH (particularly in children), TSH, 
ACTH, and lastly PRL. Rarely, the pituitary insuffi- 
ciency manifests itself as an isolated hormone deficiency, 
most often a lack of GH, less often a gonadotropic 
insufficiency, and still more infrequently a deficiency of 
ACTH or TSH. No satisfactory explanation has been 
offered to explain these unihormonal lacks, but without 
proof they are attributed to lesions primary in the 
hypothalamus.” 

The clinical manifestations of destructive lesions of 
the adenohypophysis are extremely variable, and many 
will be mentioned along with the various causative 
conditions. Only a few comments are necessary here. 

Lack of GH per se in the adult is virtually unde- 
tectable except by radioimmunoassay. In the prepu- 
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Figure 26—5. Granuloma in anterior lobe of pituitary in a case of generalized sarcoidosis. 
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bertal child it causes retardation of growth, so-called 
pituitary dwarfism. There is symmetric retardation in 
growth but the legs are often longer in relation to the 
trunk than in the normal child. Frequently, sexual 
development is also retarded. This form of dwarfism 
must be differentiated from that of hypothyroidism 
(cretinism). The latter is typified by characteristic “mon- 
goloid” facies and, most notably, striking mental retar- 
dation that contrast with the normal facial features and 
mentality of pituitary dwarfs. In female adults the 
consequences of hypogonadotropism are amenorrhea, 
loss of axillary and pubic hair, sterility, and atrophy of 
the ovaries and external genitalia. In the male, hypo- 
gonadotropism is manifested by testicular atrophy, ste- 
rility, and loss of axillary and pubic hair. Often there is 
a notable absence of hair or recession of the hairline. 
All these manifestations in both females and males are 
directly related to loss of gonadal function followed by 
atrophy. Other deficits may induce hypothyroidism re- 
lated to a lack of TSH, or hypoadrenalism related to a 
deficiency of ACTH, followed in time by atrophy of the 
thyroid and adrenals. Thus, thyroid, adrenal, or gonadal 
insufficiency related to deficits of pituitary tropic hor- 
mones must be differentiated from primary disorders of 
these organs. More is said about these difficult differ- 
ential diagnoses in the consideration of the various 
endocrine glands, but it suffices here to note that most 
important are radioimmunoassays for serum levels of 
tropic hormones. The destructive process, whatever its 
nature, may also affect the posterior pituitary and add 
to the symptom complex. It should be noted that 
panhypopituitarism rarely, if ever, induces weight loss, 
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and so the older designation of “Simmonds’ cachexia’ is 
clearly inappropriate. 

Most of the destructive lesions (e.g., tuberculosis, 
sarcoidosis, and metastatic cancers) that cause hypopi- 
tuitarism have already been described elsewhere, and 
remarks will be confined to the four most common 
causes. 


THE ENDOCRINE SYSTEM 


NONSECRETORY (CHROMOPHOBE) PITUITARY 
ADENOMAS 


These tumors may present as space-occupying le- 
sions (discussed on p. 1193) or as tropic hormone 
insufficiencies. With nonfunctional pituitary adenomas, 
the hormonal deficits develop slowly over the span of 
years, and so these nonfunctional tumors often achieve 
quite large size before they are discovered. On gross 
itispection they cannot be differentiated from secretory 
adenomas, but histologically with conventional stains 
they are apparently composed of chromophobes. The 
cells may be small and undifferentiated and have only 
a scant, cleared cytoplasm or an abundant eosinophilic 
granular cytoplasm that, under the electron microscope, 
is literally packed with mitochondria. Such cells are 
called oncocytes, and so the neoplasm is designated an 
Ohcocytoma.® Immunoelectron microscopy often dis- 
closes, in both the chromophobic and oncocytic pat- 
terns, small secretory granules about 100 nm in diam- 
eter, not sufficient in number to react with any of the 
antisera to known pituitary tropic hormones.'* The non- 
function of these cells may, then, be merely a quanti- 
tative phenomenon. 


SHEEHAN’S SYNDROME 


Also known as postpartum pituitary necrosis, this 
syndrome results from sudden infarction of the anterior 
lobe precipitated by obstetric hemorrhage or shock.'* It 
is hypothesized that during pregnancy the anterior 
pituitary gland enlarges to almost twice its normal size, 
compressing the vascular sinusoids supplied largely by 
the portal network at venous pressure. Thus, sudden 
systemic hypotension precipitates ischemic necrosis of 
much or all of the anterior lobe, sparing the posterior 
lobe, which is less vulnerable to anoxia (Fig. 26-6). 
However, other pathogenetic mechanisms may be in- 
volved, such as DIC or (more rarely) sickle cell anemia, 
cavernous sinus thrombosis, temporal arteritis, or trau- 
matic injury of vessels. With these varied origins, Shee- 
hans syndrome may be encountered in nonpregnant 
females as well as in males.'® In most instances there is 
destruction of 95 to 99% of the anterior lobe, most 
evident as a gonadotropic deficiency having the features 
already described, but possibly accompanied by failure 
of lactation in the puerperium. Concomitantly the de- 
ficiency of TSH and ACTH may induce hypothyroidism 
and adrenocortical insufficiency.’ Less extensive de- 
struction of the anterior lobe may be asymptomatic or 
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Figure 26-6. Sheehan’s syndrome. A recent infarct of pituitary 
evident as pale-staining shadowy outlines of cells, which contrast 
with normal nucleated cells immediately below. 


may present as loss of only one of the tropic hormones. 
Strangely, the loss of pituitary function may not become 
evident for years after the initiating event attributed to 
continued destruction of marginal viable cells as they 
become trapped in the postinfarction scarring. With 
substitution therapy or with incomplete destruction of 
the pituitary, long survival is possible, as indeed is 
childbearing. 

Whatever the pathogenesis, the infarcted adeno- 
hypophysis at the outset appears soft, pale, and ischemic 
or hemorrhagic. Over time the ischemic area is resorbed 
and replaced by fibrotis tissue. In some long-standing 
cases, the gland scars down to a fibrous nubbin weighing 
less than 0.1 gm attached to the wall of an empty sella. 


EMPTY SELLA SYNDROME 


This uncommon condition has a number of origins. 
Most often it is related to herniation of the arachnoid 
through some deficit in the diaphragma sellae—either 
an abnormally large aperture through which the hypo- 
physeal stalk passes or a defect elsewhere. The CSF 
pressure everitually causes atrophy of the pituitary, 
creating the appearance of an empty sella (Fig. 26-7). 
Sometimes, leakage of CSF produces persistent rhinor- 
rhea. Other possible causes are Sheehan’s syndrome, 
total infarction of an adenoma followed by fibrous scar- 
ring, and ablation of the gland either by surgery or 
radiation.'!’? In most individuals with this condition, 
sufficient parenchyma is preserved to prevent pituitary 
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Figure 26-7. A, In situ view of sella turcica in a patient dying of far-advanced pituitary insufficiency. Residual gland substance remains in 
situ and can be seen as a minute nubbin of tissue protruding from midline of posterior wall of sella (below). B, Microscopic view of anterior 
lobe of pituitary illustrated in A. Complete fibrous atrophy of anterior lobe is evident above pars intermedia, indicated in photograph by 


cystic space. Posterior lobe is below and appears normal. 


insufficiency, but occasionally there is either panhypo- 
pituitarism or inadequate secretion of one or more of 
the tropic hormones.'® In some cases the sella is not 
only empty but also enlarged, and so on radiography or 
CT scan is readily mistaken for an expansile pituitary 
neoplasm. 


HYPOTHALAMIC SUPRASELLAR TUMORS 


Neoplasms in this location are extremely uncom- 
mon but may induce hypofunction or hyperfunction of 
the anterior pituitary, diabetes insipidus, or combina- 
tions of these manifestations.'? The most commonly 
implicated lesions are gliomas (sometimes arising in the 
chiasm) and craniopharyngiomas; germ cell tumors and 
lipomas may also appear as extreme rarities. Only the 
craniopharyngioma among these tumors is not consid- 
ered elsewhere. Derived from vestigial remnants of 
Rathke’s pouch, some arise within the sella but most 
are suprasellar. Most commonly seen in children and 
young adults, they are usually benign but occasionally 
cancerous. 


Up to 8 to 10 cm in diameter, they may be encapsulated 
and solid, but more commonly are cystic and sometimes 
multiloculated.'? The cysts contain dark-brown, oily fluid in 
which can be found granular debris as well as glittering 
cholesterol crystals. Over three-fourths of these tumors 
contain sufficient calcification to be visualized radiographi- 
cally, providing an important clinical diagnostic aid. In their 
strategic location, they often encroach on the optic chiasm 


or nerves and not infrequently bulge into the floor of the 
third ventricle and base of the brain. 

The histologic pattern is quite variable and recapitulates 
the enamel organ of the tooth (Fig. 26-8). Thus, these 
tumors are also known as adamantinomas or ameloblas- 
tomas. Nests or cords of stratified squamous or columnar 
epithelium are embedded in a loose fibrous stroma. Often 
the nests of squamous cells gradually merge into a periph- 
eral layer of columnar cells. In the cystic variants the lining 
stratified squamous or columnar epithelium may be flat and 
regular, or thrown up into papillary projections. Calcification 
and metaplastic bone formation occur in the necrotic centers 
of the solid tumors as well as in the cystic variety. Infre- 
quently, anaplastic changes are encountered in the epithelial 
cells, but cancerous behavior is rare. 


POSTERIOR PITUITARY SYNDROMES 


Disorders arising out of posterior pituitary dysfunc- 
tion are exceedingly rare. Most relate to primary supra- 
sellar hypothalamic lesions that will be detailed below. 
The consequences of dysfunction of the posterior pitui- 
tary take the forms of ADH deficiency or inappropriate 
release. The only known functions of oxytocin are po- 
tentiation of uterine contraction during labor, and stim- 
ulation of contraction of lactating glands in the breast to 
force milk into the excretory ducts during suckling. No 
well-defined syndrome associated with excessive or in- 
appropriate release has been described. 

ADH deficiency induces diabetes insipidus, char- 
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Figure 26—8. A, Embryonic tooth bud to illustrate similarity of cytology to cells of adamantinoma. B, Craniopharyngioma (adamantinoma). 
A nest of cells illustrating central squamous elements embedded in a loose cellular structure. 


acterized by polyuria and excessive thirst (polydipsia). 
The origins of this syndrome include (1) neoplastic or 
inflammatory involvement of the hypothalamo-hypo- 
physeal axis (such as pituitary adenomas, metastatic 
cancer, abscesses, meningitis, tuberculosis, and sarcoi- 
dosis); (2) surgical or radiation injury to the hypothal- 
amo-hypophyseal axis (such as surgical or irradiation 
hypophysectomy); and (3) severe head injuries; or (4) 
may be idiopathic. Occasionally, patients with idiopathic 
diabetes insipidus have regressive alterations of ganglion 
cells in the hypothalamus of obscure etiology. Rarely, 
the idiopathic form of this syndrome is familial and 
apparently inherited as a mendelian dominant. 
Inappropriate ADH secretion implies persistent 
release of ADH unrelated to the plasma osmolarity. 


Thus, there is excessive reabsorption of water from the 
glomerular filtrate, abnormal retention of water with 
expansion of the extracellular fluid volume, consequent 
hyponatremia and hemodilution, and the inability to 
excrete a dilute urine. The most common cause of 
inappropriate ADH secretion is paraneoplastic elabora- 
tion of ADH by nonendocrine tumors, particularly oat 
cell bronchogenic carcinoma, accounting for more than 
four-fifths of all cases. Other neoplasms associated with 
ectopic production of ADH include thymoma, carcinoma 
of the pancreas, and lymphoma. Infrequently, disorders 
of the central nervous system underlie this syndrome, 
such as intracerebral hemorrhages or thromboses, sub- 
arachnoid hemorrhage, subdural hematoma, and infec- 
tions in and about the CNS. 
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Thyroid Gland 


NORMAL Subacute lymphocytic (painless) thyroiditis Malignant 
PATHOLOGY Riedel's thyroiditis (struma) Papillary carcinoma 
Clinical Syndromes Associated with Thyroid Graves’ Disease Follicular carcinoma 
Disease Diffuse Nontoxic Goiter and Multinodular Medullary carcinoma 
Hyperthyroidism Goiter Undifferentiated carcinoma 
Hypothyroidism Diffuse nontoxic (simple) golter Other malignant tumors 
Cretinism Multinodular goiter Miscellaneous Lesions 
Myxedema Tumors Congenital anomalies 
Thyroiditis Adenomas Atrophy of thyroid 


Hashimoto's thyroiditis 
Subacute granulomatous (de Quervain’s) 
thyroiditis 


NORMAL 


The thyroid gland develops as a tubular evagination 
from the root of the tongue, called the foramen cecum. 
It grows downward in front of the trachea and thyroid 
cartilage to reach the position it will occupy as the adult 
gland. The distal end of this structure proliferates to 
form the adult gland, while the remainder degenerates 
and disappears, usually by the fifth to sixth week of fetal 
development. Persistence of the vestigial tubular struc- 
ture provides a source for the later development of 
thyroglossal cysts or ducts. Incomplete descent may 
lead to the formation of the thyroid at loci abnormally 
high in the neck, producing, for example, a lingual 
thyroid or aberrant subhyoid thyroid tissue. Excessive 
descent leads to substernal thyroid glands. Infrequently, 
lateral aberrant thyroid nodules develop, but these 
developmental anomalies are largely confined to the 
anterior triangle of the neck medial to the sternoclei- 
domastoid muscle. Any of these aberrantly located thy- 
roid glands may be the site of origin of tumors, identical 
with those arising in the definitive thyroid. Malforma- 
tions of branchial pouch differentiation may result in 
intrathyroidal sites for the thymus or parathyroid glands. 
The implication of these deviations from the norm may 
become all too evident in the patient who has a total 
thyroidectomy and subsequently develops hypoparathy- 
roidism. 

In the adult, the thyroid gland weighs between 20 
and 25 gm. Two large lateral lobes are connected in the 
midline by a broad isthmus from which, on occasion, a 
pyramidal lobe may protrude superiorly. Occasionally, 
in a very thin person, this normal pyramidal structure 
may be mistaken for a thyroid nodule. The close rela- 
tionship of the recurrent laryngeal nerve and the para- 
thyroid glands makes them extremely vulnerable to 
injury during thyroid surgery, and also to involvement 
by spreading malignancy or inflammation. 

Histologically, the thyroid is composed of follicles 
or acini of variable size that, in three dimensions, 
comprise spheroidal sacs. These are lined by regular 


cuboidal cells. Ultrastructural studies disclose, in addi-- 


tion to the usual organization of organelles, numerous 
fine microvilli extending from the apical surface of the 
cell into the follicular colloid, within which is stored the 
thyroglobulin.” The microvilli participate in the mobi- 
lization of thyroid hormone from the thyroglobulin. In 


Other benign tumors 


Systemic thyroidal changes 


the normal thyroid, the follicles are separated by a 
delicate fibrous tissue stroma, which is compacted in 
some places into fibrous septa that traverse the gland. 
Small collections of lymphocytes are occasionally found 
in the stroma. Dispersed within the interstitial tissue or 
the follicles are the parafollicular calcitonin-secreting C 
cells, the histogenetic source of the medullary thyroid 
carcinoma. 

In the normal state of functional activity, the folli- 
cles are filled with the glycoprotein thyroglobulin syn- 
thesized by thyroid epithelial cells. In the usual tissue 
stain, it has a pink, refractile appearance and is termed 
colloid. Release of active thyroid: hormones involves 
proteolysis of the colloid (thyroglobulin) and splitting 
the polypeptide thyroid hormones out of the larger 
thyroglobulin molecule. 

The active, circulating hormones of the thyroid are 
triiodothyronine (T;) and thyroxine (T,). The synthesis 
of these hormones has been described in detail.” ?* The 
following steps are involved: 

1. Iodide trapping, an active process requiring 
energy. Normally the thyroid—serum iodide ratio in 
humans is about 50:1. 

2. Oxidation of iodide within the thyroid cell to 
some form capable of iodinating tyrosine residues in the 
thyroglobulin. The oxidation is effected by an iodide 
peroxidase. 

3. Iodination occurring at the microvillous interface 
between colloid and thyroid cell to form mono- and 
diiodotyrosine (MIT and DIT). 

4. Coupling of MIT and DIT to form T, or coupling 
of two DITs to form T,, again involving the peroxidase. 

The release of T; and T, from the thyroglobulin 
involves the endocytosis of thyroglobulin and the pro- 
teolysis of the thyroglobulin. The villi apparently. reach 
out and close over small fragments of the colloid to form 
membrane-bound vesicles that fuse with lysosomes to 
produce phagolysosomes.” * The phagolysosome mi- 
grates to the basal portion of the epithelial cells and, 
during this passage, lysosomal proteases and peptidases 
split out T; and T,, which are discharged at the base of 
the cell into the perifollicular capillaries. During this 
process some MITs and DITs are simultaneously re-— 
leased and deiodinated for salvage of the iodides. 

Once released into the blood, T, is almost totally 
(99.95%) bound mainly to an alpha globulin—thyroxine 
or thyronine-binding globulin (TBG). Other plasma pro- 
teins, including a prealbumin and albumin, participate 
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to a lesser extent in this binding. T, is bound less firmly 
by TBG and very little by the other plasma proteins. 
Because the metabolic state of cells is regulated by the 
unbound fraction, unbound or free T, is more available 
to the cells of the body than is the small fraction of free 
T,. Alterations in the plasma levels of TBG may modify 
the metabolic state. With increased levels of TBG, more 
thyroid hormone is bound, leaving a lower concentration 
of free hormones. This in turn reduces the inhibition of 
the anterior pituitary and leads to increased amounts of 
TSH, with resultant thyroid stimulation. The increased 
thyroid activity raises the concentration of thyroid hor- 
mones in the serum until the level of free hormone is 
restored to normal. The converse ensues when the 
concentration of TBG declines. Situations associated 
with increased TBG levels are pregnancy, ingestion of 
oral contraceptives and other forms of estrogen, diffuse 
liver disease, and possibly some genetic derangements. 
Decreased levels of TBG are seen with advanced liver 
disease, protein-losing nephropathies, adrenogenic ste- 
roid therapy, and possibly genetically conditioned syn- 
dromes. 

Control of thyroid function and hormone output is 
exerted by two mechanisms: (1) hypothalamic and hy- 
pophyseal (as noted on p. 1193) and (2) feedback 
inhibition of TSH secretion by thyroid hormones. Re- 
lease of TSH is dependent on a hypothalamic TSH- 
releasing hormone. TSH stimulates synthesis of thy- 
roidal hormones through two separate pathways: by 
activating membrane-bound adenylate cyclase and by 
inducing synthesis of nucleic acids and proteins, leading 
to cellular hypertrophy and hyperplasia. In turn, 
through a feedback loop, thyroid hormones act upon 
the anterior pituitary and possibly the hypothalamus to 
suppress TSH release. There is also some evidence for 
yet another level of regulation of thyroid function. It 
also takes the form of a feedback loop in which the 
thyroid iodine content modifies the metabolic activity 
of the thyroid cell, perhaps by altering the adenylate 
cyclase response to TSH. This autoregulation becomes 
important when, for example, the diet is low in iodine 
and the follicular cell becomes more efficient in extract- 
ing and concentrating the meager amounts. 

The metabolic function of the thyroid hormones is 
a large and complex subject, well reviewed else- 
where.” © It can be grossly oversimplifed by stating 
that at the cellular level thyroid hormone appears to 
interact with the nucleus, probably through nuclear 
hormone-binding receptors, and also with mitochondria 
to stimulate oxidative phosphorylation with the forma- 
tion of ATP. Thyroidal hormones also enhance trans- 
membrane transport and enzyme activity. With all these 
actions the hormones, more specifically the unbound or 
free fractions, stimulate virtually all metabolic processes, 
both synthetic and catabolic. In effect, then, the hor- 
mones provide the spark that keeps the metabolic 
machine running. As will be seen, a deficiency of the 
hormones significantly slows the machine, whereas an 
excess speeds it to the point at which it begins to 
consume itself. 


THE ENDOCRINE SYSTEM 


From the physiologic standpoint, the thyroid gland 
is one of the most sensitive organs in the body. It 
responds to many stimuli and is in a constant state of 
adaptation. During puberty, pregnancy, and physiologic 
stress from any source, the gland increases in size and 
becomes more active functionally. Changes in activity 
and size may even be noted during a normal menstrual 
period. This extreme functional lability is reflected in 
transient hyperplasia of the thyroidal epithelium. At 
this time, thyroglobulin is resorbed and the follicular 
cells become tall and columnar, sometimes forming 
small infolded buds. When the stress abates, involution 
occurs, i.e., the height of the epithelium falls, colloid 
accumulates, and the follicular cells resume their normal 
size and architecture. Failure of this normal balance 
between hyperplasia and involution may produce major 
or minor deviations from the usual histologic pattern. 

The tunction of the thyroid gland can be inhibited 
by a variety of chemical agents, collectively referred to 
as goitrogens. Because they suppress T, and T, synthe- 
sis, increased levels of TSH and subsequent hyperplastic 
enlargement of the gland (goiter) follow. Most important 
among these compounds are certain drugs used in the 
treatment of hyperthyroidism. The antithyroid agents 
thiourea and mercaptoimidazole inhibit the oxidation of 
iodide and block coupling of the iodotyrosines into T, 
and T,. Thus, thyroid hormones cannot be produced; 
there is diminished negative feedback on the pituitary, 
and the result is increased levels of TSH with futile 
stimulation of the gland, resulting in thyroid hyperplasia 
and enlargement. Iodide, when given to patients with 
thyroid hyperfunction, also blocks the release of thyroid 
hormones, but through different mechanisms. Iodides 
in large doses inhibit proteolysis of thyroglobulin. Thus, 
thyroid hormone is synthesized and incorporated within 
increasing amounts of colloid, but it is not released into 
the blood. The gland following thiourea therapy lacks 
thyroglobulin-colloid and is extremely cellular, but with 
iodine treatment the follicles become distended with 
thyroglobulin-colloid, creating the appearance of an 
inactive gland. 

Some of the numerous tests currently available to 
assay normal thyroid gland function include measure- 
ment of serum TSH by radioimmunoassay. The serum 
levels of total T; and T, and the precise levels of free T, 
and T, can be determined. Less precise but nonetheless 
widely used is the protein-bound iodine (PBI) deter- 
mination, which estimates the level of thyroid hormones 
by quantitating the concentration of iodine in the serum 
precipitable by protein-denaturing agents. Another 
measure of thyroid activity is its ability to take up an 
administered dose of radioactive iodine (RAI uptake). A 
functional evaluation of the gross anatomy of the thyroid 
is provided by a scintiscan, after administration of a 
radionuclide of iodide or technetium pertechnetate. The 
scan will disclose focal lesions such as tumors that are 
nonfunctioning (“cold nodules”) or hyperactive masses 
(“hot nodules’), and aberrant thyroid tissue and func- 
tioning metastases of thyroid cancer, wherever they are 
located. 


Other procedures are also available, but it suffices 
to note that it is now possible to detect very precisely 
aberrations in the function of the thyroid and to study 
noninvasively the anatomy of the gland. 


PATHOLOGY 


Diseases of the thyroid, although not common in 
clinical practice, are nonetheless of great importance 
because most are amenable to medical or surgical man- 
agement. They present principally as hyperthyroidism, 
hypothyroidism, or enlargement of the thyroid gland 
known as goiter. The enlargement may be diffuse and 
symmetric or irregular and focal (nodular). Some con- 
cept of the relative frequency of the more common 
forms of thyroid disease can be gained from a screening 
survey of individuals in a small northeastern town in 
the United States.”” A total of 5.8% of the population 
was found to have thyroid abnormalities. In order of 
frequency, the following conditions were identified: 
simple (nonfunctional) symmetric enlargement, hyper- 
thyroidism, multinodular goiter, thyroiditis, and a soli- 
tary nodular goiter (presumably an adenoma). No cases 
of cancer were identified. An essentially similar distri- 
bution of the various thyroid disorders was reported 
from a British community.’ Thus, goitrous thyroid 
enlargement without manifestations of thyroid hyper- 
function is. the most common disease in these two 
surveys, followed in frequency by hyperthyroidism. 

There is no simple correspondence between mor- 
phologic lesions of the thyroid and resultant clinical 
manifestations. For example, a multinodular goiter in 
one instance may be associated with normal thyroid 
function, in another with hyperfunction, and in yet 
another with hypofunction. It is best, therefore, at the 
outset to present the clinical syndromes of hyperthy- 
roidism and hypothyroidism and then discuss the various 
thyroid lesions in some rational morphologic sequence, 
relating each to its possible clinical significance. 


CLINICAL SYNDROMES ASSOCIATED 
WITH THYROID DISEASE 


HYPERTHYROIDISM 


Hyperthyroidism, also known as thyrotoxicosis, is 
a hypermetabolic state encountered much more often in 
females, caused by an increased output of thyroid 
hormones, namely, T, and T3. It is manifested by 
nervousness, palpitation, rapid pulse, fatigability, mus- 
cular weakness, weight loss with good appetite, diar- 
rhea, heat intolerance, warm skin, excessive perspira- 
tion, emotional lability, menstrual changes, a fine 
tremor of the hand (particularly when outstretched), 
eye changes, and sometimes prominence of the thyroid 
gland. The changes in the skin, eyes, and cardiovascular 
system are particularly significant. 
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Typically, the skin is warm, moist, and flushed, 
related both to peripheral vasodilatation to increase the heat 
loss, and to the general hyperdynamic circulatory state. The 
eye changes often call attention to the thyrotoxicosis. 
Typically, patients have a wide-eyed stare produced by 
retraction of the upper eyelid and upper lid lag as it falls 
behind the globe on slow downward gaze. In the thyrotoxi- 
cosis of Graves’ disease there is also protrusion of the globe 
(proptosis) secondary to immunoinflammatory (infiltrative) 
changes in the retro-orbital tissues (Fig. 26—9). Cardiac 
manifestations are among the earliest and most consis- 
tent features of hyperthyroidism. Tachycardia, palpita- 
tions, and cardiomegaly are common. Cardiac arrhythmias 
occasionally appear, often supraventricular. The basis for 
these arrhythmias is not clear. Morphologic myocardial 
changes, such as foci of lymphocytic and eosinophilic infil- 
tration, mild fibrosis in the interstitium, fatty change in myofi- 
bers, and an increase in size and number of mitochondria, 
have been described.” These changes are not frequent and 
other possible concomitant pathogeneses have not been 
rigorously ruled out, so that debate continues about so- 
called thyrotoxic cardiomyopathy. The cardiomegaly is 
equally obscure and is vaguely attributed to a cardiac 
hyperdynamic state induced by increased formation of or 
response to catecholamines. An alternative explanation in- 
volves the recent observation in thyroid hormone-treated 
rabbits of a new myosin in the myofibers having a higher 
level of ATPase activity, permitting increased contractility 
and thereby possibly leading to hypertrophy.*° Other expla- 
nations have been offered, but it suffices that much is 
uncertain; only uncommonly does cardiac failure occur in 
these patients, usually in the elderly when other cardiac 
diseases are often present. 
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Figure 26-9. Hyperthyroidism in a 27-year-old woman. 
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Other findings throughout the body are variable and 
generally not significant, including atrophy and fatty infiltra- 
tion of skeletal muscle, sometimes with focal interstitial 
lymphocytic infiltrates; minimal fatty changes in the liver, 
sometimes accompanied by mild, periportal fibrosis and a 
mild lymphocytic infiltrate; and osteoporosis. 


THE ENDOCRINE SYSTEM 


Hyperthyroidism or thyrotoxicosis may be caused 
by a variety of disorders (Table 26-2). The three com- 
mon causes collectively account for virtually 99% of 
cases. Among these, Graves’ disease is the most fre- 
quent, particularly in patients under 40 years of age. 
This disease is also known as diffuse toxic goiter to 
differentiate it from the thyrotoxicosis related to toxic 
nodular goiter, whether it is a solitary nodule (presum- 
ably an adenoma) or multinodular.*! Only a few brief 
comments are merited on the rare causes of hyperthy- 
roidism. Metastatic, well-differentiated thyroid carci- 
noma may sometimes elaborate sufficient thyroid hor- 
mones to cause thyrotoxicosis. Similarly, acute or 
subacute thyroiditis during the stage of active cell injury 
may be associated with sufficient release of stored 
hormones to induce transient manifestations. Incon- 
gruously, choriocarcinomas and hydatidiform moles not 
only produce chorionic gonadotropin, but sometimes 
also a TSH-like material.*? Increased levels of thyroid 
hormones are rarely caused by TSH-secreting pituitary 
tumors or pituitary stimulation by excessive hypotha- 
lamic release of TRH.* Thyroid hyperfunction can be 
also induced by excess iodine ingestion in patients with 
various thyroid disorders. This pattern of the disease is 
sometimes referred to as jodbasedow disease. It is 
unclear at present how the iodine ingestion precipitates 
the thyrotoxicosis.** Equally rarely, patients receiving 
thyroid hormone medication for hypothyroidism or for 
other reasons (misguided attempts at weight control) 
may develop iatrogenic or factitious hyperthyroidism. 
In all the above situations, the same hypermetabolic 
syndrome results. 

The diagnosis of thyrotoxicosis may be readily ap- 
parent from the clinical manifestations, or the signs and 
symptoms may be so subtle that resort must be made 
to laboratory evidence. Characteristically, there is an 
increase in the basal metabolic rate (BMR) and serum 
concentrations of T, and T;, particularly the latter. 


Table 26-2. DISORDERS ASSOCIATED WITH 
HYPERTHYROIDISM 


* Common 
Diffuse toxic hyperplasia (Graves' disease) 
Toxic multinodular goiter 


.’“ Toxic adenoma 


Uncommon 
Acute or subacute thyroiditis 
Hyperfunctioning thyroid carcinoma 
Choriocarcinoma or hydatidiform mole 
TSH-secreting pituitary or pituitary tumor - 
Neonatal thyrotoxicosis (mother with Graves’ disease) 
Struma ovarii (teratomatous thyroid tissue within ovary) 
lodide-induced hyperthyroidism (jodbasedow disease) 
latrogenic (exogenous) hyperthyroidism 


Sometimes a decrease of thyroxine-binding globulin 
increases both the proportion and the amount of free T, 
and T,. Also present are an increased protein-bound 
iodine (PBI) and radioactive iodine uptake (RAIU). With 
Graves’ disease, there are additional immunologic find- 
ings, and with thyrotoxicosis secondary to neoplastic or 
nodular goitrous involvement of the gland, there may 
be abnormalities in the scintiscan. 

Finally, brief mention should be made of thyrotoxic 
crisis or storm. Although poorly understood, this clinical 
emergency usually occurs in patients with unrecognized 
or inadequately treated thyrotoxicosis. It is precipitated 
by subtotal thyroidectomy before adequate control of 
the thyrotoxic state has been established, but may also 
arise with severe infection, trauma, or any other form 
of acute stress. Severe hypermetabolism erupts marked 
by fever, tachycardia, and often cardiac irregularities 
and failure, leading soon to progressive mental obtun- 
dation and coma. Emergency measures are necessary to 
control the desperate situation, but it is nonetheless 
fatal in 20 to 25% of patients. 


HYPOTHYROIDISM 


Any structural or functional derangement of the 
thyroid that significantly impairs its output of hormone 
will lead to the hypometabolic state of hypothyroidism. 
The clinical manifestations of the hormone lack depend 
on the age when it first appears. When present during 
development and infancy it results in cretinism with its 
associated physical and mental retardation. The term 
“cretin’ was once derived from the French “chrétien,” 
meaning “Christian” or “Christ-like,” and was applied 
to these unfortunates because they were considered to 
be so mentally retarded as to be incapable of sinning! 
When hypothyroidism first appears in older children or 
adults, it is termed myxedema. This designation calls 
attention to the accumulation of hydrophilic mucopoly- 
saccharides in connective tissue throughout the body, 
leading to a distinctive, edematous, doughy thickening 
of the skin that is resistant to pitting. 

The causes of hypothyroidism in both infants and 
adults can be divided into several categories, as in Table 
26-3. Among these various disorders, the most frequent 
cause in the United States today is ablation of the gland 
by either surgery or radiation. Sometimes an overly 
generous subtotal thyroidectomy for the treatment of 
hyperthyroidism is followed by insufficient thyroid func- 
tion. On occasion it is necessary to remove the thyroid 
to excise a primary neoplasm adequately. The gland 
may also be ablated by radiation, whether in the form 
of radioiodine administered for the treatment of hyper- 
thyroidism or in the form of exogenous irradiation 
employed in the treatment of some nearby neoplasm, 
e.g., lymphoma. The next most common cause of hy- 
pothyroidism is so-called primary idiopathic myxedema. 
There is now substantial evidence that this condition is 
autoimmune in origin.* Autoimmunity is also believed 
to underlie several forms of thyroid disease, notably 


Table 26-3. CAUSES OF HYPOTHYROIDISM 


Deficiency Thyroid Parenchyma (Thyroprivic) 
Surgical or radiation ablation 
Primary idiopathic myxedema (? autoimmune) 
Agenesis, hypoplasia, or dysplasia of thyroid 

Goitrous Hypothyroidism 
Hashimoto's thyroiditis 
Endemic iodine deficiency 
Exogenous goitrogenic agents (para-aminosalicylic acid, 

cruciferous plants, phenylbutazone, lithium, cassava) 

Congenital, often heritable biosynthetic defects 
lodide-induced 


Suprathyroidal Disorders (Trophoprivic) 
Hypopituitarism 
Hypothalamic lesions 


Peripheral Resistance to Thyroid Hormone 


Hashimoto's thyroiditis and Graves’ disease, and this 
subject is discussed later (p. 1210). It suffices for now 
to note that autoantibodies that block the TSH receptors 
have been identified and proposed as the cause of 
primary hypothyroidism.* Together, these. two forms of 
thyroidal inadequacy account for 80 to 90% of all cases 
of hypothyroidism. Infrequently, hypothyroidism stems 
from a developmental failure, synthetic defect, or forms 
of thyroid disease that produce, among other things, a 
goiter (enlargement of the thyroid gland). Even more 
infrequently, hypothyroidism arises because of some 
hypophyseothalamic disorder that reduces serum TSH 
levels, or because of some peripheral resistance to 
thyroid hormone. 


Cretinism 


This usually preventable, and therefore all the more 
tragic, condition is marked by retardation of both phys- 
ical and intellectual growth. It is seldom apparent at 
birth but, depending on the severity of hormone lack, 
becomes evident over ensuing weeks to months. By the 
time the changes become unmistakably evident they are 
largely irreversible, and so a strong case can be made 
for routine screening of neonates for possible thyroid 
hormone lack. The first and most sensitive laboratory 
abnormality to appear is an increase in serum TSH level 
related to loss of feedback inhibition. In time, serum T, 
and then T, concentrations falls. Other laboratory find- 
ings include decreased BMR and elevated serum cho- 
lesterol, but these are rarely necessary to establish the 
diagnosis. The initial clinical manifestations are feeding 
problems; constipation; a hoarse, husky cry; somno- 
lence; and failure to thrive. With time, the abdomen 
becomes protuberant, the skin grows dry, and there is 
delay in the appearance of the deciduous teeth, accom- 
panied by impaired skeletal growth leading to dwarfism. 
The fully developed syndrome is characterized by dry, 
rough skin; widely set eyes; periorbital puffiness, a 
flattened, broad nose; and an overly large protuberant 
tongue. There is delay in closure of the fontanelles and, 
later in life, delay in closure of the epiphvses along with 
other epiphyseal abnormalities. The radiographic find- 
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ings are so distinctive as to be virtually diagnostic. Most 
important is the neurologic deficit, which varies some- 
what depending on the time of onset of the thyroid 
hormone lack. Two somewhat distinctive syndromes can 
be distinguished. When the thyroid deficit is present 
during early fetal development, as may occur with 
severe iodine lack, agenesis of the thyroid, or a congen- 
ital biosynthetic defect, there is retarded development 
of the brain and the child manifests deaf-mutism, spas- 
ticity, and severe mental deficiency, giving rise to the 
term neurologic cretinism.*’ If the hormone lack is less 
severe or appears later in development, there is milder 
impairment but still some degree of mental deficiency, 
called hypothyroid cretinism. 

The sometimes used terms endemic cretinism and 
sporadic cretinism should be clarified here. Endemic 
cretinism occurs wherever endemic goiter is prevalent, 
generally related to a dietary lack of iodine. Often, both 
parents of the affected infant are goitrous. Sporadic 
cretinism, in contrast, is usually caused by some con- 
genital developmental failure in thyroid gland formation 
(sporadic athyreotic cretinism) or by same biosynthetic 
defect in thyroid hormone formation.*® In most in- 
stances, the hormonal lack in the neonate is not so 
severe as in endemic cretinism, and so the mental 
retardation is more subtle at birth and difficult to detect. 
However, it also provides a greater opportunity, if 
recognized relatively early, to institute appropriate ther- 
apy and prevent fully developed cretinism. 
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Myxedema 


The term myxedema is applied to hypothyroidism 
in the older child or adult. The clinical manifestations 
vary with the age of onset of the deficiency. The older 
child shows signs and symptoms intermediate between 
those of the cretin and the adult with hypothyroidism. 
In the adult the condition appears very insidiously and 
may take years to reach the level of clinical suspicion. 
Basically it is characterized by slowing of physical and 
mental activity. The initial symptoms are tiredness, 
lethargy, cold intolerance, and general listlessness and 
apathy. Speech and intellectual functions become 
slowed. With the passage of time, periorbital edema 
develops along with a thickened, dry, coarse skin. 
Eventually the facial features become thickened and the 
tongue enlarged, and the distinctive peripheral edema 
described earlier worsens. At this time there is extreme 
physical and mental torpor. Other systems share in the 
general lethargy with decreased sweating, constipation, 
and slowness of motor function. The cardiac output is 


_also decreased because of a reduction in both stroke 


volume and heart rate. An increase in peripheral vas- 
cular resistance and a decrease in blood volume result 
in narrowing of the pulse pressure, prolongation of the 
circulation time, and decreased flow to the peripheral 
tissues. It is the reduced circulation in the skin that 
accounts for the sensitivity to the cold. In well-advanced 
myxedema the heart is flabby and enlarged with dilated 
chambers. Histologically, there is sometimes swelling 
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of the myofibers with some loss of striations, accom- 
panied by an increase of interstitial mucopolysaccharide- 
rich edema fluid. A similar fluid sometimes accumulates 
within the pericardial sac. To these changes, the term 
myxedema heart or hypothyroid cardiomyopathy has 
been applied. The skeletal muscles may also reveal 
changes similar to those found in the myocardium. 
Pleural effusions are common. The general retardation 
of growth and activity leads to decreased production of 
erythropoietin and often a mild, normocytic, normo- 
chromic anemia. Defective absorption of vitamin B,, 
may in some cases induce a macrocytic anemia. There 
may also be some retardation in skeletal growth and in 
CNS development; however, the latter is more charac- 
teristic of cretinism. 

Although the diagnosis of myxedema can often be 
made on the basis of the clinical findings, it usually 
requires laboratory confirmation. As in the infant and 
child with cretinism, the BMR is depressed and the 
serum levels (total and free) of T, and T, are subnormal. 
The TSH level is of particular importance. In primary 
hypothyroidism, such as occurs with thyroid disease, 
the TSH level is elevated owing to loss of feedback 
inhibition of the pituitary. However, in the uncommon 
instance when the hypothyroidism is related to some 
hypophyseothalamic disorder and loss of tropic stimu- 
lation of the thyroid gland, the TSH levels are abnor- 
mally low. Recognition of this form of so-called tropho- 
privic hypothyroidism is of great importance because it 
is often accompanied by depressed ACTH levels and 
adrenocortical insufficiency. In such circumstances, 
treatment of the hypothyroid state with thyroid hormone 
and stimulation of the general metabolic activity of the 
body may precipitate a crisis of adrenal insufficiency. 
With this overview of the clinical consequences of 
disturbed thyroid function, we can turn to the disorders 
causing it. 


THE ENDOCRINE SYSTEM 


THYROIDITIS 


A variety of ill-defined forms of thyroiditis may be 
produced by microbial seeding of the thyroid. Almost 
always the infection is primary elsewhere and the agents 
blood-borne; rarely, there is direct traumatic seeding of 
the gland. Sometimes, immunologic incompetence po- 
tentiates these infective forms of thyroiditis. The most 
frequent causes are Staphylococcus aureus, strepto- 
cocci, Salmonella, Enterobacter, tuberculosis, and fungi 
(Candida, aspergilli, Mucormycetes). Viral thyroiditis is 
a special case, discussed later. The thyroid may also be 
involved in systemic sarcoidosis. Whatever the cause, 
the inflammatory involvement may cause painful en- 
largement of the gland, but almost always the condition 
is transient and self-limited or controllable with appro- 
priate therapy. Thyroid function usually is not signifi- 
cantly affected and there are few residuals except for 
possible small foci of scarring. Much more common and 
clinically significant are the following more or less well- 
defined forms of thyroiditis: (1) Hashimoto’s thyroiditis, 
(2) subacute granulomatous thyroiditis, (3) subacute 


lymphocytic thyroiditis, and (4) Riedel’s thyroiditis 
(struma).°% 40, 41 


HASHIMOTO’S THYROIDITIS 


Marked by an intense infiltrate of lymphocytes 
admixed with plasma cells that virtually replaces the 
thyroid parenchyma (Fig. 26-10), this chronic form of 
thyroiditis is of importance on several scores: (1) it is 
the most common cause of goitrous hypothyroidism in 
regions having a sufficiency of iodine; (2) it is a major 
cause of nonendemic goiter in children; and (3) it is the 
first-described and archetype of organ-specific autoim- 
mune diseases. The thyroid enlargement is generally 
painless; although diffuse, it may be asymmetric and 
may sometimes appear lobulated (possibly mimicking 
tumorous involvement). Most patients with long-stand- 
ing Hashimoto's disease become hypothyroid, but a few 
in mid-course develop typical hyperthyroidism, some- 
times called “hashitoxicosis.” This concurrence is more 
than fortuitous: there are many similarities in the au- 
toimmune reactions in Hashimoto's thyroiditis and 
Graves thyrotoxicosis. Because of all the immunologic 
abnormalities, Hashimoto’s thyroiditis is also sometimes 
called autoimmune thyroiditis. Another synonym is 
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Figure 26-10. Hashimoto's thyroiditis. The thyroid parenchyma is 
largely replaced by a heavy lymphocytic infiltrate containing two 
evident lymphoid follicles. Only some marginal thyroid follicles are 
present in the field. 


struma lymphomatosa, denoting the striking replace- 
ment of the thyroid parenchyma with lymphoid cells. 

Hashimoto's thyroiditis is predominantly a disease 
of women, with a female:male ratio of 10:1. Most cases 
occur between the ages of 30 and 50, but some are 
noted in children. The possibility of some genetic pre- 
disposition is suspected because of the familial occur- 
rence of the disease and because of a well-defined 
association with HLA-DR5. There is also a greater-than- 
chance association with other diseases of presumed 
autoimmune origin, including systemic lupus erythe- 
matosus, Sjégren’s syndrome, rheumatoid arthritis, per- 
nicious anemia, adult-onset diabetes and (as mentioned 
before) Graves’ disease. However, it should be noted 
that the last-named condition tends to be associated 
with HLA-DR in whites. 

ETIOLOGY AND PATHOGENESIS. A large body of 
evidence supports the theory of an autoimmune origin 
of this form of chronic thyroiditis.“ The basic defect is 
thought to be a genetically conditioned deficiency in 
antigen-specific suppressor T cells. As a consequence, 
there is uncontrolled attack on the follicular cells by 
cytotoxic T cells, and simultaneously unregulated T- 
helper cell participation in the B-cell formation of 
autoantibodies. The supporting evidence is as follows. 
A variety of autoantibodies against thyroid-cell antigens 
can be identified in virtually all patients with this 
condition, most consistently thyrotropin-receptor (TSH) 
antibodies and thyroid microsomal antibodies.“ About 
half of the patients also have antibodies to thyroglobulin 
and, less constantly, to follicular cell membranes, thy- 
roid hormones themselves, and a colloid component 
other than thyroglobulin. The TSH-receptor autoanti- 
bodies are of particular interest; by binding to receptors, 
they mimic the action of TSH, but studies indicate that 
these receptor autoantibodies can be separated into 
those that stimulate hormone synthesis (thyroid-stimu- 
lating immunoglobulins—TSI) and those that initiate 
thyroid growth (thyroid-growth immunoglobulins— 
TGI).** To complicate matters further, “blocking” anti- 
bodies for each of these subsets can be identified, i.e., 
“TSI-block” and “TGI-block.’’* Two scenarios can there- 
fore be proposed in the pathogenesis of Hashimoto's 
disease: (1) the TSH-receptor autoantibodies may be 
largely TGI, i.e., those that stimulate growth with a 
relative paucity of TSI, which stimulate hormone syn- 
thesis; or (2) both TSI and TGI autoantibodies are 
present, but also TSI-blocking antibodies. These issues 
are now under investigation, but in either instance 
goitrous enlargement occurs without hyperfunction.* It 
is speculated, therefore, that HLA-DR5 individuals are 
in some way genetically predisposed to the production 
of the pathogenetic antibodies. Interestingly, patients 
with Graves’ hyperthyroidism have virtually an identical 
complement of thyroidal autoantibodies but, with the 
HLA-DR3 genotype, express more of the TSI. 

Hashimoto's thyroiditis is characterized by exten- 
sive loss of thyroid parenchyma, but despite all the 
immunologic alterations, the precise mechanism(s) of 
follicular cell destruction is/are uncertain. Cytotoxic T 
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cells, antibody-dependent cellular cytotoxicity, or com- 
plement activation, singly or in concert, could account 
for the attack on the follicle cells. 


Thyroid Gland 


MORPHOLOGY. There are two major morphologic var- 
iants of Hashimoto’s thyroiditis. The classic form is char- 
acterized by rubbery, firm, usually symmetric, moderate 
enlargement of the gland. The capsule is intact and only 
rarely adherent to surrounding structures. Transection dis- 
closes a pale-gray, fleshy cut surface with accentuation of 
normal lobulations. Although the macroscopic changes could 
be mistaken for neoplastic replacement, the symmetry of the 
involvement and the integrity of the capsule argue against a 
neoplasm. The differentiation can be more difficult when 
there is asymmetric enlargement. 

Microscopically, there is extensive replacement of 
the native architecture by lymphoid cells, including 
plasma cells, immunoblasts, transformed lymphocytes, 
and macrophages with the formation of lymphoid ger- 
minal centers.* Here and there, isolated follicles or clusters 
of follicles persist, but they are often atrophic and contain 
sparse, deeply-staining colloid. The persistent follicular epi- 
thelium is transformed into so-called Hurthle cells or on- 
cocytes having an abundant brightly eosinophilic granular 
cytoplasm packed with mitochondria and lysosomes. Despite 
the mitochondria with their oxidative enzymes, Hurthle cells 
are functionally inactive and do not produce T,, T;, or 
thyroglobulin. They are thought to represent a degenerated 
state of the follicular epithelium, are not specific for Hashi- 
moto’s thyroiditis, and are found in many other forms of 
thyroid injury.** Such fibrosis as is present is usually delicate 
and largely confined to the interlobular septa. 

The other, much less common morphologic pattern is 
called fibrosing Hashimoto's thyroiditis’? and is character- 
ized by modest thyroid enlargement, a more intense fibrosis, 
and a less prominent lymphoid infiltrate. The follicular atro- 
phy is often more severe with conversion of persistent 
follicular epithelium into either Hurthle cells or squamous 
cells. The fibrosing reaction does not extend beyond the 
capsule, differentiating this pattern of Hashimoto's disease 
from Riedel’s struma, to be described. 


CLINICAL Course. The cardinal clinical features of 
Hashimoto's thyroiditis are goitrous enlargement of the 
thyroid gland associated with hypothyroidism in a mid- 
dle-aged woman. At the outset only a goiter may be 
present, but in those with the fibrosing variant the 
enlargement may be subtle and the major feature is 
hypothyroidism. Only infrequently does the thyroid 
enlarge rapidly enough to cause pain and tenderness. 
In time, hypothyroidism becomes evident in most pa- 
tients, but it worsens only very slowly over the course 
of years and is sometimes virtually static. Thus, early in 
the disease the patient is metabolically normal but the 
serum TSH levels may be mildly elevated. At this time 
the RAI uptake (RAIU) and PBI may be mildly increased 


‘because of deranged thyroidal function with the secre- 


tion of hormonally inactive iodoproteins. Notably, the 
serum T, and T; levels are normal. As the hypothyroid- 
ism becomes more established, the RAIU, PBI, and T, 
and T; levels decline. Radioimmunoassays or hemagglu- 
tination tests almost always reveal one or more of the 
circulating autoantibodies previously described. Despite - 


4208 


all the clinical evidence, needle biopsy is often required 
to confirm the diagnosis histologically. Treatment with 
replacement doses of thyroid hormone is all that is 
required and is sometimes accompanied by regression 
of the goiter. There is no increased prevalence of thyroid 
carcinoma in these glands, but possibly some predis- 
position to lymphoma (p. 1224). 


THE ENDOCRINE SYSTEM 


SUBACUTE GRANULOMATOUS 
(DE QUERVAIN’S) THYROIDITIS 


The term subacute thyroiditis might include the 
various forms of bacterial or fungal infection, but by 
common practice it is restricted to a distinctive form of 
self-limited inflammation of the thyroid gland of proba- 
ble viral etiology.*® This entity is also referred to as 
giant cell or pseudogranulomatous thyroiditis. The peak 
incidence is in the second to fifth decades of life, with 
a female:male ratio of 3-6:1.” 

Although the cause is still uncertain, considerable 
circumstantial evidence suggests a viral etiology: 

1. There is a more-than-chance association be- 
tween onset of the thyroiditis and some form of viral 
infection, e.g., mumps, upper respiratory infection, 
pneumonitis, or infectious mononucleosis. 

2. Antibodies to the causative agents of these in- 
fections can be identified in about half the cases. 

3. The condition is reminiscent of an infection with 
fever, painful tender enlargement of the thyroid gland, 
and a self-limited course measured in months.” 

A possible role for autoimmunity has also been 
raised but has been largely excluded. In theory, a viral 
infection might either alter thyroid antigens or, by 
damaging the thyroid gland, release large amounts of 
antigens to initiate an autoimmune reaction. However, 
significant levels of thyroid autoantibodies are present 
in only a minority of patients, do not correlate with the 
course of the disease, and are transitory. The same can 
be said about cell-mediated immunity. “Thyroid-stim- 
ulating immunoglobulins” (p. 1207) have been identified 
by a few investigators during the early phase of this 
condition, but are found in only a few patients and are 
not correlated with the clinical course. Moreover, they 
disappear soon after the onset, suggesting that they are 
secondary events and not pathogenetic.” 


MORPHOLOGY. The gland may be subtly or markedly 
enlarged (threefold). Sometimes, the enlargement appears 
asymmetric or focal on palpation of the neck, but more often 
the whole gland is involved, although irregularly. It may be 
slightly adherent to surrounding structures. On cut section 
the involved areas are firm and yellow-white and stand out 
from the more rubbery, yielding, normal brown thyroid sub- 
stance. Histologically, the changes are patchy and depend 
on the stage of the disease. Early in the active inflammatory 
phase, scattered follicles may be entirely disrupted and 
replaced by neutrophils forming microabscesses. Later, the 
more characteristic features appear in the form of ag- 
gregations of macrophages about damaged follicles, 
admixed with multinucleate giant cells enclosing naked 


pools or fragments of colloid (Fig. 26—11).*° The inflam- 
matory foci more or less resemble granulomas, hence the 
designation “granulomatous thyroiditis.” In the later stages 
of the disease, a chronic inflammatory infiltrate and fibrosis 
may replace the foci of injury. Different histologic stages are 
sometimes found in the same gland, suggesting waves of 
destruction over a period of time. Despite all the pathogenetic 
evidence cited earlier, electron microscopy has failed to 
disclose viral inclusion bodies. 


CLINICAL Course. The presentation of this condi- 
tion is extremely variable. Basically, three patterns can 
be identified: (1) an acute systemic febrile reaction; (2) 
sudden painful enlargement of the gland, sometimes 
mimicking “sore throat’; or (3) less painful enlargement 
accompanied by transient manifestations of hyperthy- 
roidism. Obviously, more than one may coexist in the 
same patient. Whatever form the condition takes at 
onset, the condition is self-limited, and over the span 
of weeks to months the tenderness usually abates along 
with the fever and manifestations of hyperthyroidism. 
Indeed, with extensive destruction of the gland, tran- 
sient hypothyroidism may supervene. Laboratory tests 
of thyroid function can be anticipated to a considerable 
extent. During the stage of follicular damage, there is 
leakage of a variety of iodinated products into the blood 
with an increase in PBI. There may also be an elevation 
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Figure 26—11. Subacute thyroiditis. Two granulomatous foci enclos- 
ing remnants of colloid are evident in midfield. Note large giant cell 
(above right). (Courtesy of Dr. Merle Legg, New England Deaconess 
Hospital.) 


of serum T, and T, levels, indicating cleavage of thyro- 
gobulin with the release of thyroid hormones. Extensive 
damage to the gland may induce a transient phase of 
hypothyroidism with a fall in plasma hormone levels. 
Following recovery, generally within five to six months, 
normal thyroid function resumes and the various labo- 
ratory test results return to normal. At this time the 
goiter disappears and the only residual may be scattered 
foci of fibrous scarring, rarely sufficient to cause asym- 
metry of the gland or to masquerade as tumorous 
involvement. 


SUBACUTE LYMPHOCYTIC (PAINLESS) 
THYROIDITIS 


This poorly understood condition constitutes, in 
essence, a painless variant of subacute granulomatous 
thyroiditis. It is also distinctive anatomically inasmuch 
as the only changes in the gland are foci of lymphocytic 
infiltration, sometimes accompanied by an increase in 
interstitial fibrous tissue. There is no tendency to for- 
mation of lymphoid germinal centers and few, if any, 
plasma cells such as are found in Hashimoto's thyroiditis. 
The acute follicular destruction or granulomatous reac- 
tion characteristic of de Quervain’s disease are not 
noted. Subacute painless thyroiditis usually comes to 
attention because of either goitrous enlargement of the 
gland or hyperthyroidism, or both. One survey indicated 
that subacute lymphocytic thyroiditis was responsible 
for about 15% of all hyperthyroidism in North America.™ 
In the absence of hyperthyroidism and with only modest 
goitrous enlargement, the condition may well pass un- 
recognized, particularly since it is self-limited and with- 
out sequelae. 

The origin of this form of thyroiditis and its place 
in the spectrum of thyroiditis are obscure. There is no 
association with previous viral infections and the autoim- 
mune reactions are inconstant and evanescent. There is 
no evidence that it constitutes a precursor of Hashimo- 
to's disease or that it leads to so-called primary idiopathic 
myxedema and permanent hypothyroidism. 


RIEDEL’S THYROIDITIS (STRUMA) 


This rare form of chronic thyroiditis is character- 
ized pathologically by a fibrosing reaction that destroys 
more or less all the thyroid gland while simultaneously 
extending beyond the thyroid capsule into surrounding 
structures in the neck. Because of the woody hardness 
of the thyroid, it is sometimes called ligneous thyroiditis. 
The female:male ratio is approximately 3:1, and most 
affected individuals are in the fourth to seventh decades 
of life. The disease, although rare, assumes importance 
because it is easily confused with a thyroid malignancy. 
Patients may have manifestations of an obstructive, 
invasive process, including stridor, dvsphagia, recurrent 
laryngeal nerve paralysis, dyspnea, or even suffocation. 
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More often, however, the chief complaint is merely a 
painless lump in the neck. | 

The etiology of this condition is unknown.” All the 
available evidence argues against its being an end stage 
of any other form of thyroiditis, despite many morpho- 
logic overlaps with the fibrosing variant of Hashimoto's 
disease. Riedel’s thyroiditis is not accompanied by thy- 
roid autoantibodies, or at most they are present in very 
low titer. The fibrosing reaction, as mentioned, extends 
beyond the gland, and there is none of the exuberant 
lymphoid infiltration seen in Hashimoto's disease. Sim- 
ilar fibrosing reactions sometimes are also present else- 
where, suggesting some systemic, possibly familial, fi- 
brosclerosing derangement.” 


Thyroid Gland 


MORPHOLOGY. The entire thyroid may be normal in 
size or slightly enlarged but is usually markedly contracted. 
It is stony hard, pale gray, and asymmetric, having 
apparent nodularity on clinical palpation. Sometimes, 
only a lobe or portion of a lobe is involved. The capsule is 
involved in the inflammatory process, producing dense ad- 
herence to surrounding structures such as the carotid 
sheath, trachea, and neck muscles—hence, the simulation 
of cancer. On section, the tissue is hard and woody. 

From the histologic standpoint, there is no specific 
diagnostic feature of this disorder. In advanced cases, the 
parenchyma is markedly atrophic and is replaced by masses 
of dense collagenous fibrous tissue (Fig. 26-12). Scattered 
throughout this scarring, there is a delicate-to-moderate 
lymphocytic infiltration. Such epithelial elements or acini as 
remain show varying stages of pressure atrophy and atypi- 


extensive fibrosis, scant lymphocytic infiltration, and a few residual 
distorted thyroid follicles. 
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cality of cells. Often the trapped epithelial cells are trans- 
formed into Hirthle cells (p. 1207). 


THE ENDOCRINE SYSTEM 


CLINICAL CourRSE. The prominent clinical features 
of this condition have already been cited. About 25 to 
50% of patients are hypothyroid; the remainder are 
euthyroid. The major clinical significance of this condi- 
tion is its differentiation from thyroid cancer. Because 
needle biopsy of the woody thyroid is difficult, surgical 
exploration may be necessary. Moreover, splitting the 
isthmus surgically may be required to relieve pressure 
on the trachea. Overall, the prognosis is good and the 
fibrosing reaction rarely progresses to the extent that 
surgical excision is necessary. 


GRAVES’ DISEASE 


The term Graves disease is restricted to a syndrome 
marked by thyrotoxicosis caused by a hyperfunctioning 
diffuse hyperplastic goiter, accompanied by ophthal- 
mopathy and sometimes dermopathy. Thyrotoxicosis 
may also be produced by other disorders such as sub- 
acute thyroiditis, toxic multinodular goiter, and a func- 
tioning (toxic) adenoma, but these syndromes are differ- 
entiated from Graves’ disease because the eye and skin 
changes are less prominent. As intimated previously, 
the hyperplastic goiter is thought to be autoimmune in 
origin. The most striking features of the ophthalmopa- 
thy, when present, are lid lag, upper lid retraction, 
stare, weakness of eye muscles, diplopia, periorbital 
edema, and notably proptosis to the point at which the 
lids cannot close. More consistent is an increase in 
intraocular pressure, only evident on special testing.* 
All these ocular abnormalities are believed to arise from 
chronic edematous inflammation of the extraocular mus- 
cles and retro-orbital tissues caused by autoimmune 
reactions. The dermopathy takes the form of localized 
areas of edematous skin thickening (orange-peeling) over 
the dorsum of the legs or feet. The lesions are quite 
discrete and may have a plaquelike or nodular confor- 
mation. Little is known about the origins of these 
changes. Despite the fact that the dermopathy is typical 
of Graves’ disease, it is present in only 10 to 15% of 
cases. Perplexingly, it has been referred to as localized 
myxedema. Thus, although Graves’ disease is said to 
consist of a triad of major abnormalities, the dermopa- 
thy may be lacking and the ophthalmopathy may not be 
readily evident, so that diagnosis rests largely on the 
documentation of thyrotoxicosis related to diffuse toxic 
goiter. As will become evident, there are reasons for 
believing that all three components are independent, 
albeit related, disorders that often do not pursue parallel 
courses. 

Graves disease is relatively common and may arise 
at any age, with a peak incidence in the third and fourth 
decades. The female:male ratio is 5:1. There is a well- 
defined association with HLA-DR3, and familial predis- 
position has been frequently noted.® There is also a 
well-defined association between Graves’ disease and 
other autoimmune thyroid disorders, notably Hashi- 


moto’s thyroiditis and, less strikingly, primary (? autoim- 
mune) myxedema. You may recall that hyperthyroidism 
sometimes supervenes on preexisting Hashimoto's thy- 
roiditis, and conversely the morphologic changes in the 
thyroid gland in Graves’ disease have some similarities 
to those of Hashimoto's thyroiditis. As might be ex- 
pected, other autoimmune diseases such as pernicious 
anemia occur with greater-than-chance frequency in 
patients with Graves’ disease. 

ETIOLOGY AND PATHOGENESIS. The evidence is 
quite compelling that the goitrous, hyperfunctioning, 
diffuse hyperplasia of the thyroid gland is autoimmune 
in origin and initiated by IgG autoantibodies that stim- 
ulate both thyroid growth and function.* The essential 
nature of the autoimmune reaction is almost identical 
to that described in Hashimoto's thyroiditis (p. 1207), 
arising because of a deficiency of antigen-specific sup- 
pressor T cells. Thus, the stage is set for an abnormal 
humoral reaction with the formation of autoantibodies 
to TSH-receptor antigens. It is theorized that immune 
response genes of the HLA-DR3 genotype account for 
the defect in antigen-specific suppressor T cells. TSH 
autoantibodies, which subsume the function of TSH by 
binding to the follicular cell receptors, can be identified 
in nearly all patients with Graves’ disease.” As indicated 
in the discussion of Hashimoto's disease (p. 1206), the 
TSH autoantibodies are of two categories: thyroid-stim- 
ulating immunoglobulins (TSI) that induce hyperfunc- 
tion, and thyroid-growth immunoglobulins (TGI) that 
initiate growth.“ As mentioned earlier, blocking anti- 
bodies for each of these immunoglobulins have been 
identified. Thus, in Graves’ disease both the TSI and 
the TGI fractions account for the increased output of 
thyroid hormones and the glandular hyperplasia. By 
contrast, in Hashimoto's thyroiditis associated with the 
HLA-DR&S genotype, there is expression mainly of TGI 
with either a failure in production of TSI or the elabo- 
ration of TSI-blocking antibody.* 

The question must be raised—if genetic predispo- 
sition underlies the development of Graves’ disease, 
why does it appear only in the third and fourth decades 
of lifeP One hypothesis invokes the concept that the 
disease only appears when chance mutation gives rise 
to autoreactive B cells that cannot be held in check 
because of the genetic defect in suppressor-cell function. 
Alternatively, progressive decline in suppressor-cell 
function may occur with the passing years, leading 
eventually to a critical threshold. Yet again, cumulative 
stress, either physical or emotional, may impair lym- 
phocyte function in genetically predisposed individuals 
to potentiate the development of Graves’ disease.™ 
Whatever the initiating mechanism, the thyroid hyper- 
function, once begun, may be self-perpetuating. Thy- 
rotoxicosis in animals depresses suppressor T-cell func- 
tion, and in humans control of the hyperfunction with 
therapy tends to restore suppressor function to normal.®! 

Evidence is accumulating that the ophthalmopathy 
of Graves disease is also autoimmune in origin. A fairly 
intense lymphocytic infiltrate is present in the intra- 
and extraocular eye muscles as well as in the retro- 
orbital fibrofatty tissues, and a circulating autoantibody 


against a soluble eye-muscle antigen can be identified 
in most patients.© The association of this ocular autoim- 
mune reaction with past, present, or future thyroid 
dysfunction in 80 to 90% of cases may be explicable by 
more recent findings that monoclonal antibodies to eye- 
muscle antigens cross-react with thyroid microsomes.® 
So it is that the thyroid and orbital autoimmune reac- 
tions are separate but related. 


MORPHOLOGY. In most cases of diffuse hyperplasia, 
the gland is usually uniformly but not markedly enlarged. It 
is uncommon to observe more than threefold increases 
in weight up to 80 to 90 gm. The capsule is intact and not 
adherent. On cut section, the parenchyma has a soft, yield- 
ing, red-brown, meaty appearance closely resembling the 
cross section of normal muscle. Preoperative iodine admin- 
istration causes the accumulation of colloid and alters this 
gross appearance. 

The dominant histologic feature is that of excessive 
cellularity of the parenchyma. This is imparted by two alter- 
ations: an increase in height of the lining epithelial cells to 
form tall columnar cells, and an increase in the number of 
cells, causing them to pile up in papillary buds and encroach 
on the colloid (Figs. 26—13 and 26—14). For the most part, 
these papillae represent simple, nonbranching projections, 
which are usually slightly elevated above the level of the 
surrounding epithelium. Occasionally, the papillae are suffi- 
ciently large to mushroom out and virtually fill the follicles. 


Fig. 26-13 
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The cells may show slight variation in size and shape, but 
no striking atypicality is present. The Golgi apparatus is 
hypertrophied, the mitochondria increased in number, and 
the microvilli more abundant. Colloid is markedly diminished 
in amount and, when present, has a thin, pale pink, watery 
appearance. The interfollicular stroma shows a striking in- 
crease in the amount of lymphoid tissue and, in some areas, 
large lymphoid follicles are produced. The accumulation of 
lymphoid tissue in the thyroid is only one aspect of the 
generalized lymphoid hypertrophy found throughout the body 
with enlargement of lymph nodes and thymus and hyperpla- 
sia of the lymphoid tissue of the spleen. There is inevitably 
a markedly increased vascularization of the thyroid gland. 

This classic histologic pattern may be significantly al- 
tered by preoperative medication. lodine promotes colloid 
storage, devascularization, and involution of the gland, 
whereas thiouracil tends to produce marked hyperplasia. 
Thus, it is impossible to evaluate correctly, from histologic 
examination, the amount of functional activity of pretreated 
surgical specimens. 

When present, the exophthalmos is related to an in- 
crease in the volume of the extraocular muscles and orbital 
tissues secondary to edema, increased deposits of hydro- 
philic mucopolysaccharides, fibrosis, and lymphocytic infil- 
trates (infiltrative ophthalmopathy). The compressive forces 
account for the increased intraocular pressure. Later, there 
is fibrosis and contractures of the extraocular muscles, 
accounting for the incoordination of eye movements, diplo- 
pia, and sometimes ophthalmoplegia.“ 


Thyroid Gland 


Sty 


Fig. 26-14 


Figure 26-13. Microscopic view of diffuse thyroid hyperplasia. Cellularity of follicles and resorption of colloid are evident. High columnar 


epithelium and small projections into follicular spaces are visible. 


Figure 26—14. High-power view of diffuse thyroid hyperplasia, illustrating total absence of colloid, increase in height of epithelium, and 


buckling of lining cells into follicular spaces. 
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CLINICAL COURSE. Graves disease presents, prin- 
cipally in young women, as thyrotoxicosis (p. 1203) 
associated with modest symmetric enlargement of the 
thyroid gland. When the ophthalmopathy and the der- 
mopathy already described are also present, the diag- 
nosis is almost certain. Confirmation usually requires 
one or more of the following findings: an elevated BMR, 
increased radioactive iodine uptake, and above-normal 
serum levels of T,, T;, and free T, and T3. 

In most cases of Graves’ disease the thyrotoxicosis 
is persistent, but it may wax and wane in severity over 
time. There are, however, many ways of controlling it, 
including antithyroid drugs such as thiourea derivatives, 
iodides, a therapeutic dose of radioiodine, and subtotal 
thyroidectomy, each of which has its indications and 
-contraindications. However, control of the thyrotoxicosis 
is without effect on the ophthalmopathy. In most cases 
the eye changes run a benign course and spontaneously 
remit. The condition can, however, become progres- 
sively worse when the proptosis precludes closure of 
the lids with corneal injuries and ulcerations and, ulti- 
mately, loss of the eye(s). Anti-immune therapy such as 
steroids may stem the tide, but in some instances orbital 
decompression is necessary to preserve vision. On a 
happier note, there is no evidence of an increased 
frequency of thyroidal cancer in patients with Graves’ 
disease. 


DIFFUSE NONTOXIC GOITER AND 
MULTINODULAR GOITER 


Diffuse nontoxic goiter and multinodular goiter are 
the consequences of compensatory hypertrophy and 
hyperplasia of follicular epithelium secondary to some 
derangement that hampers thyroid hormone output. 
The degree of thyroid enlargement is proportional to 
the level and duration of thyroid hormone lack, but 
optimally, in most cases, the increased thyroid mass 
eventually achieves a euthyroid state, although hypo- 
or hyperthyroidism may result. At the outset the goi- 
trous enlargement is diffuse, but for poorly understood 
reasons and in the course of time it is likely to become 
nodular, as described below. This progression is not 
inevitable and indeed, during the diffuse stage, the 
gland may revert to normal if, for example, the imped- 
iment to thyroid hormone output abates. 


DIFFUSE NONTOXIC (SIMPLE) GOITER 


This designation specifies a form of goiter that: (1) 
diffusely involves the entire gland without producing 
nodularity and (2) is not associated with either hyper- 
or hypofunction. Because the enlarged follicles are filled 
with colloid, the term colloid goiter has also been 
applied to this condition. It occurs in both an endemic 
and sporadic distribution. 

The term endemic goiter simply refers to the high 
incidence of simple goiter in particular geographic lo- 


cales, namely, in over 10% of the population. It is 
extremely common throughout the world and is thought 
to affect over 200 million individuals. It is most prevalent 
in mountainous areas such as the Alps, Andes, and 
Himalayas, but may also occur in nonmountainous re- 
gions remote from the sea. With this distribution a 
deficient intake of iodine is the dominant cause of the 
disease.” Simple goiter was at one time moderately 
prevalent in the Great Lakes region of North America 
but the incidence has markedly decreased with the use 
of iodized salt. The lack of iodine leads to decreased 
synthesis of thyroid hormone and a compensatory in- 
crease in TSH, causing follicular cell hypertrophy and 
hyperplasia with the generation of new follicles and 
goitrous enlargement. The enlarged mass of follicular 
cells increases hormone output and eventually achieves 
a euthvroid state. 

Variations in the prevalence of endemic goiter in 
locales with similar levels of iodine deficiency point to 
the existence of other causative influences, particularly 
dietary substances referred to as goitrogens.© Calcium 
and fluorides in the water supply promote goiter for- 
mation. A number of foods, including cabbage, cassava, 
cauliflower, Brussels sprouts, turnip, and others belong- 
ing to the Brassica and Cruciferae plants, have been 
documented to be goitrogenic in animals and associated 
with goiter in humans. To be clinically significant the 
food must be consumed in large quantity or represent 
the major portion of the diet, as noted in native popu- 
lations subsisting largely on cassava root.® Cassava con- 
tains a thiocyanate that inhibits iodide transport within 
the thyroid, worsening any possible concurrent iodine 
deficiency. Pollution of water supplies may also in some 
way be goitrogenic. Depending on the severity of iodine 
lack and goitrogenic influences, the thyroid enlargement 
may appear in early childhood, but usually it peaks at 
about puberty or soon thereafter, affecting females more 
often than males. Severe iodine deficiency during fetal 
development may produce cretinism. 

Nonendemic or sporadic simple goiter is much less 
common than the endemic variety. There is a striking 
female preponderance in the ratio of 8:1, with a peak 
incidence at puberty or in young adult life. The cause 
of this condition is rarely evident. Although it is natural 
to assume that increased levels of TSH stimulate the 
glandular enlargement, it has not been possible to 
document elevated levels of the pituitary hormone in 
all patients, perhaps because the elevations are slight 
or are intermittent and missed. Alternatively, an 
intrathyroidal mechanism has been invoked. Earlier (p. 
1202) it was pointed out that a reduction in the intra- 
thyroidal level of iodine, whatever the basis, enhances 
the adeny] cyclase response to TSH, initiating growth, 
but there is as yet no proof of this mechanism in sporadic 
goiter. Conceivably, a number of influences act in 
concert. For example, a minimal iodine lack, when 
coupled with increased demand for thyroid hormones, 
might lead to goiter formation. Sporadic goiters, espe- 
cially in girls, are prone to appear first at puberty, a 
time of increased physiologic demand. During preg- 


nancy, increased levels of the thyroid-binding globulins 
(TBG), perhaps estrogen induced, and raised iodide 
clearance by the kidney may lower the levels of free T, 
and T; and reduce feedback inhibition of TSH. Dietary 
goitrogens may be superimposed on these causal influ- 
ences. Other very uncommon causes of sporadic goiter 
are a hereditary defect in hormone transport and syn- 
thesis of excess amounts of TBG, reducing the propor- 
tion of free thyroid hormones.™ © Finally, there are the 
inborn biosynthetic errors in iodine metabolism. 

The four major hereditary biosynthetic defects in 
thyroid hormone synthesis, all transmitted as autosomal 
recessive conditions, can be characterized as (1) iodide 
transport defect, (2) organification defect, (3) dehalogen- 
ase defect, and (4) iodotyrosine coupling defect.” In the 
transport defect, the thyroid and salivary glands and 
stomach are unable to trap or concentrate iodide or 
other anions such as perchlorate; the precise basis of 
the transport defect remains unclear. In the organifi- 
cation defect, an apparent lack of peroxidase limits the 
redox reaction, in which an electron is split off iodide 
before it combines with tyrosine. A subset of this group 
has concomitant deafness, referred to as Pendred’s syn- 
drome. The dehalogenase defect is characterized by an 
inability to recapture the iodide in MIT and DIT 
released from colloid along with T, and T;. The fourth 
syndrome constitutes an inability to couple iodotyrosyl 
residues to form T, and T;, and may actually embrace a 
number of defects, all leading to impaired hormone 
synthesis. Depending on the severity of the biosynthetic 
defect, the development of a goiter may permit the 
output of sufficient thyroid hormone to maintain the 
euthyroid state. Obviously, with more severe biosyn- 
thetic defects, there is hypothyroidism along with the 
goitrous enlargement. Indeed, such errors in hormone 
synthesis may be responsible for cretinism. 


MORPHOLOGY. Two stages can be identified in the 
evolution of the diffuse nontoxic goiter, whether en- 
demic or sporadic, the first being the hyperplastic stage 
and the second the colloid involution. In the stage of 
hyperplasia, the gland is modestly enlarged and rarely 
exceeds 100 to 150 gm. It is diffusely, symmetrically involved 
and markedly hyperemic. Histologically, the follicular epithe- 
lium is tall and columnar and the newly generated follicles 
small with only scanty colloid. The duration of the hyper- 
plastic stage is extremely variable. With the increased mass 
of cells a euthyroid state is achieved, and follicular cell 
growth ceases and is followed by colloid accumulation.” 
Now the follicles enlarge as they become filled with colloid 
and the epithelium undergoes progressive flattening (Fig. 
26-15). Indeed, it may be reduced to a thin layer of pave- 
mented attenuated cells. For reasons that are unclear, the 
accumulation of colloid is not uniform throughout the 
gland, and some follicles are hugely distended, while 
others remain small and may even retain small papillary 
infoldings of hyperplastic cells. Now the thyroid becomes 
markedly enlarged, sometimes to 500 gm or more. The 
accumulated colloid produces a marked increase in consis- 
tency and a gelatinous, glistening cut surface. It is this phase 
of nontoxic diffuse enlargement that is referred to as colloid 
goiter. The pathogenetic mechanism underlying such colloid 
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Figure 26—15. Diffuse, nontoxic goiter. Follicles are distended with 
colloid, and epithelial lining is flattened. 


involution is obscure but presumably reflects the synthesis 
of thyroid hormone—poor glycoprotein. 


CLINICAL Course. The clinical significance of non- 
toxic diffuse goiter depends largely on its ability to 
achieve a state of euthyroidism, which is generally the 
rule. Rare patients are hypothyroid and in these the 
TSH level is almost invariably elevated, as it may be to 
a lesser extent in those marginally euthyroid. The 
goitrous enlargement may be nonvisible, even with the 
head raised, or plainly evident to the casual observer 
on the street. By definition, the increase in size is 
symmetric and sometimes accompanied by a prominent 
pyramidal lobe. During the early stages, administration 
of iodine brings about regression of the goiter, but later 
it is without effect. Perhaps the major significance of 
the diffuse goiter is that it is a forerunner of a nodular 
goiter. 


MULTINODULAR GOITER 


Nearly all long-standing simple goiters become 
transformed in time into multinodular goiters. They 
may be nontoxic or sometimes induce thyrotoxicosis 
(toxic multinodular goiter), which differs from Graves’ 
disease inasmuch as there is no associated ophthalmop- 
athy or dermopathy and the hypermetabolism is usually 
less severe. Rarely, multinodular goiters are associated 
with hypothyroidism. Whatever their functional state, 
multinodular goiters produce the most extreme thyroid 
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enlargements and are more frequently mistaken for 
neoplastic involvement than any other form of thyroid 
disease. Since they derive from simple goiter, they 
occur in both sporadic and endemic forms, having the 
same female-to-male distribution and presumably the 
same origins, but affect older individuals because they 
are late complications. However, there is no clear 
understanding of the basis for the transformation into 
the nodular pattern. It is speculated that, with follicular 
hyperplasia, generation of new follicles, and uneven 
accumulation of colloid throughout the follicles, tensions 
and stresses are produced within the thyroid gland that 
lead to rupture of follicles and vessels followed by 
hemorrhages, scarring, and sometimes calcifications. 
The scarring adds to the tensions, and in this cyclical 
manner nodularity appears. Moreover, the preexistent 
stromal framework of the gland may more or less enclose 
areas of expanded parenchyma contributing to the nod- 
ularity.”? Although individual nodules may closely re- 
semble neoplastic adenomas, it has been shown that the 
contained follicles are polyclonal and thus appear to 


represent expansions of preexisting polyclonal normal 
follicles.” 
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MORPHOLOGY. The multinodular goiter is marked by 
its heterogeneity. Typical features are (1) nodularity cre- 
ated by islands of colloid-filled acini or islands of small 
hyperplastic acini, (2) random irregular scarring, (3) 
focal hemorrhages and hemosiderin pigmentation, (4) 
focal calcifications in areas of scarring, and (5) micro- 
cyst formations. The goitrous enlargement may be mon- 
strous and achieve weights of over 2000 gm. The pattern of 
enlargement is quite unpredictable and may involve one 
lobe far more than the other, producing lateral pressure on 
midline structures such as the trachea and esophagus (Fig. 
26-16). In other instances, the goiter grows behind the 
sternum and clavicles to produce the so-called intrathoracic 
or plunging goiter. Occasionally, most of it is hidden behind 


Figure 26—16. Multinodular goiter removed with trachea attached. 
Asymmetry and enlargement of gland are apparent. 


Figure 26-17. Multinodular goiter illustrating scarring and variation 
in size of follicles. 


the trachea and esophagus, yet in other instances one 
nodule may so stand out as to impart the clinical appearance 
of a solitary nodule. On cut section there is an overall 
heterogeneous multinodularity; some of the nodules are 
poorly circumscribed, but others appear to accumulate scar- 
ring and condensation of the thyroid stroma about them- 
selves to create the appearance of complete encapsulation 
similar to that found in the true adenoma. Thus have arisen 
the terms adenomatous goiter or multiple colloid ade- 
nomatous goiter as synonyms for this condition. 

The histology of the multinodular lesion is characterized 
above (Fig. 26-17). The differentiation of a nodule in this 
condition from a true adenoma is at best treacherous and is 
discussed in some detail on page 1216. 


CLINICAL Course. From the clinical standpoint, 
multinodular goiters are of importance because of (1) 
size and location of the goitrous mass; (2) possible 
abnormal function, usually thyrotoxicosis; and (3) their 
differentiation from neoplasms. When sufficiently en- 
larged, the goiter may cause not only cosmetic disfig- 
urement but also dysphagia, a choking sensation, and 
(with compression of the trachea) an inspiratory stridor. 
These manifestations are particularly prominent when 
the goiter enlarges into the thoracic inlet behind the 
sternum. Such lesions may induce a superior vena caval 
syndrome, i.e., distention of the veins of the neck and 
upper extremities, edema of the eyelids and conjunctiva, 
and syncope on coughing. Hemorrhages into the goiter 
may induce sudden painful enlargement, worsening the 
obstructive symptoms. 

In less than half of the cases, hyperfunction ap- 
pears—toxic multinodular goiter. Although it basically 


resembles the thyrotoxicosis of Graves’ disease, there 
are several significant differences. Ophthalmopathy and 
dermopathy do not appear and, when present, probably 
represent the super-imposition of Graves’ disease; the 
thyrotoxicosis is in general mild to moderate; and car- 
diovascular manifestations tend to predominate, possibly 
because toxic multinodular goiter usually appears in 
older patients likely to have underlying heart disease. 
Thus, atrial fibrillation, tachycardia, and sometimes 
heart failure may be encountered. The radioactive io- 
dine uptake and serum levels of T, and T, may be only 
slightly elevated. Scintiscans of the gland reveal one of 
two patterns: the radioiodine may accumulate in patchy 
foci throughout the gland or, less commonly, in only 
one or a few nodules. What accounts for this variation 
is not known, but the latter pattern suggests suppression 
of much of the parenchymal function by hyperfunction 
of one or a few foci. 

The differentiation of a multinodular goiter, toxic 
or nontoxic, from a neoplasm may be simple or difficult, 
both clinically and anatomically. When the multinodu- 
larity involves the entire gland, it is highly likely to 
represent a goiter rather than a neoplasm. Thyroid 
cancer sometimes spreads throughout the gland, but in 
such circumstances the nodular enlargement is usually 
of relatively short duration and not present for decades, 
as is generally the case with multinodular goiter. The 
major difficulty arises when the enlargement of a single 
focus outpaces the rest of the gland. It is beyond our 
scope to dig deeply into this clinical dilemma, which 
taxes all diagnostic methods and often ultimately re- 
quires needle biopsy or surgical excision. Ultrasonog- 
raphy and CT scan may be helpful in ruling out neoplasia 
by revealing widespread diffuse multinodularity. 
Suppression of TSH by the administration of thyroid 
hormone is more likely to induce regression of a non- 
neoplastic nodule than of an autonomous tumor, but 
functioning adenomas also sometimes respond, and the 
converse is true about nodules within a goiter. A vast 
amount of literature has accumulated on the differential 
diagnosis, as discussed below.” 


TUMORS 


Nodules in the thyroid have always commanded a 
great deal of attention because they are sometimes 
visible, are often palpated by the patient, and raise the 
question of cancer.” According to most authorities, 
clinically palpable thyroid nodules are present in 4 to 
7% of adults in the United States, but cancers of the 
thyroid are rare.” Postmortem studies reveal one or 
more nodules much more often, but in most instances 
they are small anatomic lesions of no clinical signifi- 
cance. The annual incidence of thyroid cancer in the 
U.S. is approximately 25 to 35 cases per million popu- 
lation, accounting for about 0.4% of cancer deaths.” It 
follows, therefore, that only a few clinically palpable 
nodules of the order of one to two per 1000 are cancers. 
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Reports from surgical clinics, however, point to a much 
higher incidence of cancer in nodular glands, with 
estimates ranging up to 20 to 30%. Such data can only 
reflect selection bias with surgical «xploration of only 
the most ominous lesions. It can reasonably be con- 
cluded that thyroid nodules are very common, but 
thyroid cancer is very uncommon. 

Despite all the epidemiologic data, the patient is 
not a statistic, and so every nodule demands careful 
appraisal. Short of anatomic study, there are no certain 
methods of differentiating nontumorous nodules from 
neoplasms and the benign from the malignant. One 
study of thyroid nodules that were considered to be 
sufficiently obscure to merit needle biopsy revealed the 
data set out in Table 26-4. It is evident from these 
findings that many lesions of the thyroid may present 
as nodules and, indeed, in 10% of the cases no thyroid 
abnormality is present. 

A discussion of current diagnostic approaches is far 
beyond our scope, but a few deserve mention because 
of their anatomic relevance. For years the cornerstone 
of clinical appraisal of a nodular thyroid has been the 
scintiscan, following the administration of radioiodine. 
Most thyroid cancers, and many adenomas, cannot 
accumulate significant quantities of radioiodine and so 
appear as nonfunctioning “cold” nodules. Although most 
adenomas and carcinomas are “cold” lesions, so are 
nonfunctioning nodules in multinodular goiter and focal 
enlargements in Hashimoto's thyroiditis. It is estimated 
that only about 20% of “cold” nodules prove to be 
malignant. Moreover, some adenomas and a rare cancer 
may be “hot,” i.e., may take up radioiodine. Thus, 
although scintiscans suggest probabilities, they are not 
definitive. Another approach has been the search for 
serum tumor markers. Only one has proved to be of 
great worth, namely, elevated serum titers of calcitonin 
with medullary carcinomas of the thyroid. Modest in- 
creases of the serum carcinoembryonic antigen level 
have been identified in a small fraction of patients with 
other forms of thyroid cancer, but this marker has not 
proved to be of significant diagnostic value. As reliable 
as any are the following simple observations. A solitary 
nodule is more suspect of being neoplastic than multiple 
nodules, for reasons that must now be obvious. The 
younger the patient (under the age of 40), the greater 
is the likelihood of neoplasia, because non-neoplastic 
nodularity, such as may be produced by Hashimoto's 
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Table 26-4. NEEDLE BIOPSIES OF SUSPICIOUS NODULES* 


Percentage 
Hashimoto's thyroiditis 291 32.1% 
Adenoma 275 30.3 
Colloid nodule or nodular goiter 78 8.6 
Nonspecific thyroiditis 61 6.7 
Cancer 40 4.4 
Subacute thyroiditis 36 4.0 
Hyperplasia 24 2.7 
Fibrosis 10 1.1 
No abnormality 91 10.0 


*Adapted from Yao, Y.: Thyroid nodules—benign or malignant? 
Postgrad. Med. 67:65, 1977. 
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thyroiditis or multinodular goiter, tends to appear in 
older individuals. Both of these non-neoplastic disorders 
are significantly more common in women than in men, 
and thus a nodule in a male is more ominous than one 
in a female. With this cursory look at the diagnostic 
problem, we can turn to consider the major forms of 
neoplasia. 


Adenomas 


Virtually all adenomas of the thyroid gland present 
as solitary, discrete, small (under 4 cm) nodules (Figs. 
28-18 and 28-19). As noted above, many thyroid lesions 
and even normal glands may at times give the clinical 
impression of a nodule. In general, only 30 to 50% of 
seemingly solitary nodules prove to be adenomas of one 
type or another. The classification of adenomas contin- 
ues to be unsettled. On histologic grounds, a variety of 
patterns can be identified that recapitulate stages in the 
embryogenesis of the normal thyroid, and hence are 
sometimes specified as fetal, embryonal, simple, and 
colloid adenomas. However, all adenomas contain folli- 
cles of varying size and in variable proportions. Hence, 
all might well be called follicular adenomas. A somewhat 
less common variant has branching papillary excres- 
cences protruding into microcystic spaces; such lesions 
have been referred to as papillary cystadenomas. How- 
ever, although most of these lesions pursue an innocent 
course, some that are histologically innocent invade 
locally and even spread to regional nodes. Conversely, 


some anaplastic variants are very indolent and almost 
never kill. It seems best, therefore, to consider all as 
papillary carcinomas having a range of histologic atypi- 
cality and clinical behavior. One additional rare lesion 
is the so-called Hiirthle cell adenoma. 


MORPHOLOGY. All adenomas will be described as a 
more or less cohesive group, indicating such distinctive 
patterns as can be discerned. As stated, they are generally 
solitary lesions rarely exceeding 3 cm in diameter, readily 
defined from the surrounding thyroid substance. Infrequently, 
two or even more adenomas are present. On cross section 
they range from pale-tan to gray, are soft and fleshy, and 
sometimes have foci of softening, hemorrhage, or central 
fibrosis with calcification. 

The histologic differentiation of a nodule within a multi- 
nodular gpiter from an adenoma is difficult not only clinically 
but also.anatomically. The morphologic criteria used to 
idéntify an adenoma are (1) complete fibrous encapsu- 
lation, (2) a clear distinction between the architecture 
inside and outside the capsule, (3) compression of the 
thyroidal parenchyma about the adenoma, and (4) the 
lack of multinodularity in the remaining gland (Fig. 26— 
20). None of these features alone is sufficient, but collectively 
they are quite reliable. All adenomas are characterized by 
considerable variation in the size and number of follicles as 
well as in the abundance of interfollicular stroma. At one 
extreme is the lesion composed of closely packed cells 
forming cords or trabeculae, with only here and there a small 
abortive follicle. This architecture is reminiscent of embryonic 
thyroid parenchyma before the development of well-formed 
follicles, accounting for the sometimes-used designations 
embryonal or trabecular adenomas. Another pattern is 


Fig. 26-18 
Figures 26-18 and 26-19. Adenomas of thyroid. View of cross section of nodules against background of darker normal thyroid tissue. 


Fig. 26-19 
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Fig. 26-2 
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Fig. 26-22 ; Fig. 26-23 
Figure 26-20. Low-power view of follicular adenoma of thyroid, illustrating discrete encapsulation and demarcation from surrounding 


thyroid substance. 
Figures 26-21 to 26—23. Three types of follicular adenoma, illustrating variability in acinar size, colloid content, and amount of interstitial 


connective tissue. Figure 26-23 represents the type formerly referred to as a fetal adenoma. 
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composed of small follicles containing little or no colloid 
separated by an abundant, loose connective tissue. Here 
the architecture mimics the embryogenesis of the thyroid 
gland one step after the embryonal stage; hence, the term 
fetal adenoma. The next identifiable variant is composed of 
closely packed follicles of normal size, sometimes termed a 
simple adenoma. Proceeding along this inexact and prob- 
ably futile hair-splitting is the colloid adenoma, having large 
follicles filled with colloid and lined by flat epithelium (Figs. 
26-21, 26-22, and 26-23). A reasonable argument can be 
made to merely divide all these adenomas into microfollic- 
ular and macrofollicular patterns, recognizing that all have 
the same Clinical significance. Only the Hurthle cell adenoma 
is histologically distinctive, being composed of large granular 
cells identical to those encountered in various non-neoplastic 
thyroidal lesions (p. 1207), usually arranged in a trabecular 
pattern (Fig. 26—24). Infrequently, follicular adenomas exhibit 
some variability in cell morphology or have poorly developed 
capsules, and so seem to extend into the surrounding thyroid 
parenchyma. To express such changes, the term atypical 
adenomas has been applied, but it should not be construed 
as implying a drift toward cancer. 
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The principal importance of adenomas is their 
clinical differentiation from cancers, as has already been 
emphasized. In addition, they may (1) slowly increase 
in size to cause pressure symptoms in the neck; (2) 
achieve a certain size and then plateau, apparently as 
the expansile pressure restricts blood supply; (3) sud- 
denly enlarge and become painful owing to intralesional 
hemorrhages; and (4) rarely, hyperfunction to cause 
thyrotoxicosis. The resultant hyperthyroidism differs 
from Graves’ disease inasmuch as it is not associated 
with ophthalmopathy and is usually relatively mild. 
Most adenomas are “cold” nodules, but some, particu- 
larly those associated with hyperfunction, accumulate 
sufficient radioiodine to appear as “hot” nodules. Al- 
though theoretically autonomous, an adenoma occasion- 
ally has some dependence on TSH and so can be induced 
to regress by the administration of thyroid hormones, 
which suppress TSH secretion. Finally, there is the 
issue of malignant transformation of an adenoma. At one 
time these benign lesions were thought to be a serious 
risk, but there currently is doubt that even the “atypical 
adenomas’ ever become cancerous. Past impressions 
probably reflect biopsy sampling errors of well-differ- 
entiated follicular carcinomas at one time inappro- 
priately labeled “angioinvasive adenomas (p. 1221). 


Other Benign Tumors 


As many as 10 to 25% of solitary nodules of the 
thyroid gland prove to be cysts.“* The great preponder- 
ance of these represent cystic degeneration of a follicular 
adenoma; the remainder probably arise in multinodular 
goiters. They are often filled with a brown, turbid fluid 
containing changed blood, hemosiderin pigment, and 
cell debris. Additional benign rarities include dermoid 
evsts, lipomas, hemangiomas, and teratomas (seen 
mainly in infants). 


cell adenoma. Considerable variability in size and shape of cells is 
evident. The abundant cytoplasm demonstrates a fine granularity. 


MALIGNANT 


Comment has already been made about the rarity 
of thyroid cancers in the general population (p. 1215). 
Nonetheless, they cause about 7000 deaths annually in 
the United States, with a 2-3:1 female:male ratio. There 
are a number of anatomic subtypes of thyroid carcinoma, 
as indicated in Table 26-5.” Each of these anatomic 
patterns has its own distinctive biology and clinical 
significance. At one end of the spectrum are the often 
“benign” papillary carcinomas; at the other end are the 
undifferentiated carcinomas that must be rated among 
the ugliest cancers of humans. Fortunately, the great 
preponderance of carcinomas fall into the so-called 
“well-differentiated” category, i.e., papillary and follic- 
ular lesions. 

Since 1935 the overall incidence of thyroid carci- 
noma has tripled, but it is not certain whether this 
increase is real or artifactual. Favoring a real increase is 
the well-documented contribution of external radiation 
of the thyroid gland to the induction of cancer.” Irra- 
diation during childhood has incurred the greatest risk. *! 
From 4 to 9% of individuals irradiated during infancy 
for such trivial conditions as tonsillar or thymic enlarge- 
ment, acne, and other skin disorders have developed 
thyroid carcinoma after a mean latent period of 20 years. 
From a different vantage point, 80% of children who 
develop thyroid carcinoma have received therapeutic 
radiation. Among the Japanese, 6.7% of individuals 


Table 26-5. MORPHOLOGIC CLASSIFICATION OF CANCER 
OF THYROID 


Carcinoma 

Papillary adenocarcinoma (60—70%) 
Pure papillary adenocarcinoma 
Mixed papillary and follicular 

carcinoma 

Follicular carcinoma (20-25% 
Pure follicular carcinoma 
Clear cell carcinoma 
Oxyphil cell carcinoma 


Well-differentiated 


Medullary carcinoma (5—10%) 
Undifferentiated carcinoma (10—15%) 
Small cell carcinoma 
Giant cell carcinoma 
Epidermoid carcinoma 


Poorly differentiated 


Other Malignant Tumors 
Lymphoma 
Sarcoma 
Secondary tumor 


exposed to the atomic bomb have developed thyroid 
cancers.®? Small wonder that there is present concern 
in the U.S. about the disposal of nuclear wastes. The 
nuclear accident at Three Mile Island in 1979 also gives 
pause for thought despite reassurances that the risk is 
less than one case per 10 million exposed.® The only 
dubious comfort regarding the relationship of thyroid 
cancer to irradiation derives from the fact that the great 
preponderance of associated thyroid cancers are either 
papillary or follicular, and only very rarely one of the 
“uglies.” There is no current evidence of an increased 
incidence of thyroid cancer in patients receiving either 
the relatively small doses of radiant energy involved in 
scintiscans or the larger doses inherent in the treatment 
of hyperthyroidism with radioiodine.** Moreover, it is 
no longer believed that preexistent thyroid disease such 
as multinodular goiter, Graves disease, Hashimoto's 
thyroiditis, and adenomas predispose to thyroid cancer. 

Before turning to the various anatomic patterns, 
the clinical staging of thyroid cancers should be pre- 
sented. The following is most widely used: 

Stage |. Intrathyroidal lesions. 

Stage !I. Cancers lacking fixation to surrounding 
structures but with movable cervical metastases. 

Stage Ill. Cancers with local fixation or fixed cervical 
nodes. 

Stage IV. Cancers with distant metastases. 

The staging of thyroid cancers is obviously of im- 
portance in estimating the prognosis, but the histologic 
type is of much greater significance. 


Papillary Carcinoma 


Under this designation are included the benign- 
appearing lesions, formerly termed papillary adenoma, 
as well as the overt carcinomas, because experience has 
taught that all papillary neoplasms have the potential 


4249 


for spread and cancerous behavior. As Table 26-5 indi- 
cates, papillary carcinomas may be “pure,” but over half 
contain an admixture of follicular carcinoma, just as 
follicular lesions are also frequently mixed with papillary 
growths. Even Solomon would have difficulty in appro- 
priately subclassifying the infinite range of mixtures 
encountered. Long-term follow-up of patients with these 
mixed lesions, however, indicates that, regardless of the 
precise proportions, all neoplasms containing some pap- 
illary growth have identical biologic behavior; the great 
majority of all papillary lesions are indolent with an 
excellent prognosis. About 10 to 20% first come to 
attention by spread to regional nodes with the produc- 
tion of cervical lymphadenopathy. As noted earlier, 
many are associated with previous exposure to ionizing 
radiation.*® 

Whether pure or mixed, papillary adenocarcinomas 
are the most common form of thyroid cancer (60 to 
70%). They tend to occur rather evenly through the 
third to seventh decades, but these neoplasms account 
for at least 80% of thyroid cancers in individuals under 
40 years of age, largely because the less well-differen- 
tiated neoplasms tend to occur in older persons. Fe- 
males are affected two to three times as often as males. 
The tumors usually present as an incidental, nonpainful 
lump in the neck, but occasionally may be sufficiently 
large to produce obvious masses. Not infrequently, the 
primary lesion remains occult and the first sign of the 
disease is metastatic enlargement of a cervical lymph 
node. 


Thyroid Gland 


Papillary adenocarcinomas range from microscopic foci 
found incidentally in thyroids or lymph nodes removed for 
other reasons to nodules up to 10 cm in diameter (Fig. 26— 
25). The microscopic foci are often found within scarred 
areas and sometimes crop up in numerous foci within the 
gland. Indeed, about 20 to 75% of these cancers are 
multifocal in the gland, and this is now proved by cell marker 
studies to be due to intraglandular spread.®* Larger nodules 
are generally unencapsulated and invasive locally but may 
have apparent, poorly developed encapsulation. Penetration 
of the capsule of the thyroid gland occurs in about 20% of 
cases and is somewhat more common in the more anaplastic 
lesions and those having a follicular component. Such ex- 
tension worsens the prognosis. Sometimes there are cystic 
spaces into which papillary fronds project, giving rise to the 
term papillary cystadenocarcinoma. The cut surface of these 
neoplasms may be furry, owing to the myriads of tiny 
papillae. Occasional tumors show dense fibrous sclerosis 
throughout the neoplasm, sometimes punctuated by focal 
calcification. The pathognomonic histologic feature of 
the lesions is a complicated, branching, treelike pattern 
most sharply outlined by the papilliform axial fibrovas- 
cular stroma. In the benign-appearing so-called adenomas, 
this framework is covered by a single layer of well-oriented 
regular cuboidal epithelium (Fig. 26-26). Some papillae are 
cut in cross section to produce apparent isolated islands; 
elsewhere follicles may be formed, sometimes filled with 
colloid. All degrees of atypicality and disorientation of cells, 
piling up of epithelium, invasion of the stalk and capsule, 
and formation of glands or sheets of cells may be encoun- 
tered in the more obviously malignant lesions. Moreover, a 
wide range of histologic changes is often found from one 
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Figure 26—25. A papillary carcinoma showing deceptive apparent 
encapsulation. (Courtesy of Dr. Merle Legg, New England Deacon- 
ess Hospital.) 
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Figure 26-26. High-power detail of a well-differentiated papillary 


carcinoma illustrating papillary growth pattern and regular alignment 
of covering epithelium, producing a unicellular layer. 
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microscopic field to another within the same lesion, under- 
scoring the difficulty of trying to differentiate so-called ad- 
enomas from carcinomas. 

In more than half of these neoplasms the nuclei assume 
a distinctive ‘ground-glass” appearance.®’ The nuclear 
membranes are distinct, but the nucleoli and nuclear chro- 
matin are barely discernible. Ground-glass nuclei have been 
used as the sole criterion for classifying a tumor as papillary, 
even in the absence of papillae.® Almost half of all papillary 
lesions contain laminated calcific soherules known as psam- 
moma bodies. They range in size up to 0.1 nm and often 
are located in the fibrous axial stroma of the tip of a papilla 
(Fig. 26-27). Psammoma bodies are rarely encountered in 
other forms of thyroid neoplasia, and so when present point 
strongly to the diagnosis of a papillary adenocarcinoma. In 
the great majority of papillary lesions there is a smaller or 
greater follicular component (described in the next section). 
Ultrastructural studies reveal numerous mitochondria; an 
abundant, rough endoplasmic reticulum; and apical microvilli, 
similar to those seen in normal follicular cells.?° 


Papillary adenocarcinomas are notorious for their 
extremely indolent growth and their propensity to me- 
tastasize to lymph nodes, particularly in the neck, while 
not spreading through blood vessels. Many appear as 
an incidental asymptomatic nodule that has been present 
for months to years before being brought to clinical 
attention. In one study, patients reported that the 


Figure 26—27. Papillary carcinoma of thyroid, showing obvious piling 
up and anaplasia of cells with some gland formations. Compare 
with better differentiated lesion of Figure 26-26. Note psammoma 
bodies within papillae in lower field. (Courtesy of Dr. Merle Legg, 
New England Deaconess Hospital.) 


é 
5 8 oi Re 
fs i “a 


ae 


nodule had been present for an average of six years 
before they sought medical attention.” Others slowly 
but progressively enlarge and rarely induce disfiguring 
masses, dysphagia, dysphonia, or dyspnea. Whatever 
the presentation, all slowly increase in size and some- 
times spread beyond the confines of the gland. In one 
analysis of a large series of cases, about 40% of the 
lesions had spread beyond the thyroid capsule at the 
time of initial diagnosis; a similar proportion had metas- 
tasized to regional lymph nodes; and 10% had metasta- 
sized more widely, e.g., to lungs, bones, and other 
areas.*® Overall, 70 to 80% of patients with this form of 
neoplasia survive at least ten years. Despite an innoc- 
uous facade, however, some of these lesions behave as 
usual cancers. Bearing on the outlook are the following 
factors: (1) the prognosis is significantly worse with 
extrathyroidal extension; (2) prognosis and cure are 
correlated with the level of anaplasia, although this 
factor is less important than local spread; (3) there is a 
tendency to greater malignancy with advancing age of 
the patient; and (4) the duration of the tumor is signifi- 
cant—there is a suggestion that highly malignant neo- 
plasms emerge over time from preexisting low-grade 
lesions.°° The patient's age appears to be the most 
important factor; only rarely does papillary carcinoma 
cause death in young adults. 


Follicular Carcinoma 


This pattern accounts for about one-quarter of all 
thyroid cancers; it is a more aggressive form than 
papillary carcinomas. As mentioned earlier, mixtures of 
follicular and papillary growth are frequent and behave 
as papillary carcinomas. The categorization of a cancer 
as “follicular” has great clinical significance, since it 
implies up to a 70% mortality rate at five years.” Critical 
to the segregation of follicular from papillary carcino- 
mas is the absence of (1) ground-glass nuclei, (2) well- 
formed papillae, and (3) psammoma bodies. The pres- 
ence of these morphologic features, even in neoplasms 
composed largely of follicular elements, seems to por- 
tend the biologic course of papillary carcinoma. Follic- 
ular carcinoma occurs more often in females than males 
and at any age, with a peak incidence in the fifth and 
sixth decades. 


Anatomically, these tumors take one of two gross forms: 
(1) a small nodule, seemingly encapsulated, closely resem- 
bling a follicular adenoma; and (2) an obvious invasive mass, 
perhaps occupying an entire lobe.*' The adenoma-like lesion 
has been described earlier as an angioinvasive adenoma, 
more properly called an angioinvasive encapsulated car- 
cinoma. The more common pattern is that of an obvious 
cancerous mass causing irregular enlargement of the gland. 
The tumorous gray-white tissue overgrows the thyroid, re- 
places large parts of it, and extends through the capsule to 
become adherent to or invade the trachea, muscles, skin, 
and great vessels of the neck (Fig. 26—28). In this infiltrative 
progression, the recurrent laryngeal nerves are often 
trapped. Both the localized and invasive forms often have 
an abundant fibrous stroma, particularly in the central re- 
gions, that is sometimes calcified. Hemorrhages, cyst for- 
mations, and areas of necrosis are frequently present. 
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Figure 26—28. Cut surface of a follicular carcinoma with complete 
replacement of thyroid lobe. (Courtesy of Dr. Merle Legg, New 
England Deaconess Hospital.) 


Microscopically, the pattern is that of an adenocarci- 
noma with considerable range in the size and differentiation 
of the gland (follicle) formations. This range conforms to that 
encountered in the several variations of the adenoma. Thus, 
some carcinomas have a basically trabecular pattern with 
only small abortive gland formations, resembling the em- 
bryonal pattern of follicular adenoma, whereas others pro- 
duce well-defined glands or follicles containing colloid (Fig. 
26-29). In such lesions, the differentiation from normal 
thyroid architecture is difficult. These extremely well-differ- 
entiated, colloid-producing adenocarcinomas, when found in 
metastatic sites, have in former years been referred to as 
benign, metastasizing struma (Fig. 26—30). The invasive- 
ness of these lesions is also quite variable. As pointed out, 
in the localized, adenoma-like pattern there may be only 
penetration of the apparent capsule, and in the more overt, 
aggressive, lesions there is frequently extension beyond the 
gland capsule and vascular invasion, both features serving 
to differentiate these lesions from adenomas. In contrast to 
the papillary adenocarcinoma, follicular carcinomas have a 
strong tendency to invade blood vessels and metastasize, 
but lymphatic and lymph node dissemination is much less 
common (Fig. 26-31). 

There are two rare variant histologic patterns of the 
follicular adenocarcirioma. In one the cells have a very clear 
cytoplasm and closely resemble the clear cell renal carci- 
noma (hypernephroma) (p. 1054). In the other variant the 
cells are large and have an abundant acidophilic cytoplasm 
with small pyknotic central nuclei, closely simulating Hurthle 
(oxyphil) cells. Neither of these histologic variations alters 
the biologic course of these neoplasms. 
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Figure 26—29. Follicular carcinoma of thyroid. A few of the glandular 
lumina contain recognizable colloid. 
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Figure 26-30. High-power detail of follicular cancer of thyroid that 
has metastasized to liver. Normal liver cells (on /eft) can be seen in 
approximation to extremely well-differentiated thyroid tissue, dem- 
onstrating abundant colloid and deceptively benign-appearing follic- 
ular epithelium. 
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Figure 26-31. High-power detail of cancer of thyroid, illustrating 


extension of neoplasm through wall of a vessel. Several small nests 
of cells are seen lying within lumen. 


The clinical presentation of this form of thyroid 
cancer is either that of a solitary enlarging nodule or 
(more often) irregular, firm, nodular thyroid enlarge- 
ment. In both presentations the mass slowly expands 
over the years but at a somewhat more rapid pace than 
that of the papillary adenocarcinoma. Metastases may 
not become evident for some time, but eventually most 
lesions, when left untreated, disseminate through the 
bloodstream to the lungs, bones, and other distant sites. 
As mentioned, lymph node spread within the neck may 
appear, but is not common. 

The prognosis is heavily dependent on the stage of 
the neoplasm at the time diagnosed and on its response 
to therapy. Stages I and II cancers are generally curable 
by surgery. Because many of the well-differentiated 
lesions elaborate thyroglobulin and colloid, these neo- 
plasms, even in Stages III and IV, can sometimes be 
remarkably controlled by the administration of TSH, 
followed by radioiodine. 


Medullary Carcinoma 


This form of cancer, although one of the less 
frequent patterns (approximately 5 to 10%), is the most 
versatile of the thyroid carcinomas. Derived from par- 
afollicular (C) cells of neurosecretory origin within and 
between thyroid acini, the medullary carcinoma belongs 
to the family of APUD tumors. It has three distinctive 
features: (1) its amyloid stroma, (2) its genetic associa- 
tions, and (3) its elaboration of a variety of polypeptide 
products.*? Amyloid deposits are present in the stroma 
of most, but not all medullary carcinomas. The amyloid 
stains in the usual manner and appears to be produced 


by the parenchymal cells of the neoplasm. With respect 
to genetic associations, perhaps 80 to 90% of these 
neoplasms occur sporadically, usually in adults, but 10 
to 15% are encountered in children and teenagers in 
well-defined genetic syndromes, all transmitted by au- 
tosomal dominant inheritance.” The Sipple syndrome 
constitutes the association of pheochromocytoma with 
medullary carcinoma of the thyroid, sometimes coupled 
with either an adenoma or hyperplasia of the parathyroid 
gland. Thus, the Sipple syndrome is one of the multiple 
endocrine neoplasia (MEN) syndromes, classified as 
type Ila (p. 988). In MEN IIb, medullary carcinoma of 
the thyroid and pheochromocytomas are associated with 
mucosal neuromas without parathyroid involvement. 
Much less well characterized are the familial clusterings 
of medullary thyroid carcinoma unassociated with pheo- 
chromocytoma. Clinicoanatomic differences in the pres- 
entation of the sporadic and genetic forms of this cancer 
are mentioned later. Approximately 80 to 90% of 
medullary cancers secrete calcitonin, providing the op- 
portunity to screen for this neoplasm by radioimmu- 
noassay.*> Less frequently, these tumors elaborate his- 
taminase, prostaglandins, and (more rarely), ACTH and 
serotonin. Calcitonin and/or prostaglandins induce diar- 
rhea in about 30% of patients. The ACTH may be 
responsible for Cushing's syndrome, and the serotonin 
has in rare instances led to the carcinoid syndrome. It 
is evident that medullary carcinoma is associated with a 
variety of clinical presentations. 


Grossly, two patterns can be discerned—discrete tu- 
mors in one lobe, or numerous nodules that usually infiltrate 
both lobes. The sporadic neoplasms tend to be localized to 
one lobe and are often quite large because of late diagnosis, 
whereas the genetic familial lesions are often multinodular 
and bilobar, but generally are small lesions confined within 
the capsule because the associated endocrinopathies call 
attention to them early. In both, the tumor tissue is firm and 
gritty and ranges from gray-white to yellow-brown. There 
may be foci of hemorrhage and necrosis in larger lesions, 
and some may have spread outside the thyroid capsule. 
About half of the sporadic larger tumors have metastasized 
at time of diagnosis. Histologically, these neoplasms have a 
range of cytologic patterns from round-to-polygonal cells 
mimicking the histology of endocrine cell tumors (argentaf- 
finomas) (p. 843) to spindled cells having a sarcomatoid 
appearance. Either cellular pattern may be disposed in 
organoid nests separated by a fibrovascular, amyloid-con- 
taining stroma; sometimes the nests acquire a pseudopapil- 
lary appearance (Fig. 26-32). Alternatively, the cells, usually 
the spindled pattern, may be disposed in sheets. Ultrastruc- 
tural studies usually disclose in all cytologic patterns both 
argentaffin- and argyrophil-positive neurosecretory granules 
characteristic of carcinoids. With immunoperoxidase tech- 
niques, calcitonin can also be localized within the cells.% 
The amyloid is stained by Congo red and yields an apple- 
green fluorescence by polarized light. Multiple foci of C-cell 
hyperplasia occasionally accompany the neoplasm in familial 
cases, but are rarely if ever found in the sporadic pattern.°’ 


As mentioned earlier, there are significant differ- 
ences in the clinical presentation of the sporadic and 
familial lesions.°* The mean age of diagnosis of the 
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Figure 26-32. Medullary carcinoma with amyloid stroma. High- 
power detail revealing round-to-polygonal, neurosecretory-like tumor 
cells with an abundant intercellular amyloidic stroma. (Courtesy of 
Drs. M. Warhol and L. Weiss, Department of Pathology, Brigham 
and Women’s Hospital, Harvard Medical School.) 


sporadic disease is the fifth to sixth decade; of the 
familial, the second decade. The familial disease may 
also be marked by the clinical manifestations emanating 
fromi an associated pheochromocytoma or parathyroid 
lesion (p. 1244). However, diarrhea related to calcitonin 
secretion is a common manifestation in both forms. The 
diagnosis of medullary carcinoma can often be made by 
stimulating calcitonin secretion with pentagastrin and/ 
or calcium infusions. With early diagnosis often possible 
in the familial form, a 60 to 70% ten-year survival can 
be anticipated following resection of the tumor. How- 
ever, with the larger, more advanced sporadic neo- 
plasms, the mean survival approaches five years. Death 
is usually related to recurrence, extension beyond the 
capsule, and metastasis, commonly to regional nodes, 
lung, liver, and bone. 


Undifferentiated Carcinoma 


About 10 to 15% of all thyroid carcinomas belong 
to this group. These tumors usually occur in the seventh 
and eighth decades of life and include some of the most 
malignant neoplasms encountered in man. 


By the time these patients are seen clinically, most 
neoplasms have usually involved large areas of the thyroid 
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gland and, indeed, have extended beyond its confines to 
produce bulky masses, readily apparent on clinical inspec- 
tion. Several histologic variants can be identified. Small cell 
carcinomas are made up of compact, closely packed, 
cuboidal-to-polygonal cells, growing in cords or clusters, 
separated by a fibrous but non—amyloid-containing stroma. 
Numerous mitoses are present but giant cells are infrequent. 
In another variant of small cell carcinoma, there are sheets 
of extremely small cells, having round, dark nuclei that 
indeed closely resemble atypical lymphocytes. Such neo- 
plasms are readily mistaken for a lymphoma. 

The giant cell carcinoma is one of the most bizarre 
human neoplasms and is composed of highly anaplastic 
cells, some of which are extremely large and pleomorphic, 
having multiple or multilobate nuclei; other cells may assume 
a spindle shape; still others may appear as elongated 
cytoplasmic ribbons. Numerous mitoses, bizarre mitoses, 
and giant nuclei are characteristic. Infrequently there are 
admixtures of papillary and gland formations. Invasion be- 
yond the capsule, blood vessel involvement, and foci of 
infarct necrosis highlight the aggressive rapid growth of these 
forms of neoplasia (Fig. 26—33). 


The clinical course of these anaplastic cancers is 
somewhat variable but always grim. Progressive local 
invasion and widespread metastases account for about a 
20% one-year survival with an average duration from 
the time of diagnosis to death of less than six months. 


Other Malignant Tumors 


Both Hodgkin's disease and non-Hodgkin's lym- 
phoma may involve the thyroid in the course of their 
systemic dissemination, but both types of disease may 
also arise in the thyroid in the absence of systemic 
dissemination of a lymphoma primary elsewhere. Al- 
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though most non-Hodgkin's lymphomas have been clas- 
sified as histiocytic, cell marker studies now suggest 
that they are transformed B cells and, in the terminology 
of Lukes and Collins, would be referred to as immu- 
noblastic lymphomas (p. 664).°° The mean age at the 
time of diagnosis is 60 to 70 years, and females are 
involved three or four times more commonly than males. 
In one small series of cases, Hashimoto's thyroiditis was 
frequently present as a preexisting lesion.’”’ However, 
the pathogenetic role of this benign condition in the 
initiation of the lymphoma is still uncertain. 

Sarcomas of the thyroid gland—fibrosarcoma, he- 
mangiosarcoma, osteogenic sarcoma—are extremely 
rare primary cancers of the thyroid. The diagnosis of 
such lesions must be made with due consideration for 
the fact that undifferentiated carcinomas may assume a 
sarcomatoid appearance. 


MISCELLANEOUS LESIONS 


This noncommittal heading is adopted to cover 
some congenital anomalies of the thyroid gland and 
sundry other involvements, some encountered in svs- 
temic diseases. 


CONGENITAL ANOMALIES 


Thyroglossal duct or cyst is the most common 
clinically significant congenital anomaly. A persistent 
sinus tract may remain as a vestigial remnant of the 
tubular development of the thyroid gland. Parts of this 
tube may be obliterated, an small segments to form 
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Figure 26-33. A “Holi tindifferentiated sEEEete cancer of thyroid showing vascular invasion and thrombosis of the involved vessel. 


cysts. These occur at any age and may not become 
evident until adult life. Mucinous, clear secretion may 
collect within these cysts to form either spherical masses 
or fusiform swellings, rarely over 2 to 3 cm in diameter. 
These are present in the midline of the neck anterior 
to the trachea. Segments of the duct and cysts that 
occur high in the neck are lined by stratified squamous 
epithelium, which is essentially identical with that cov- 
ering the posterior portion of the tongue in the region 
of the foramen cecum. Those anomalies that occur in 
the lower neck more proximal to the thyroid gland are 
lined by epithelium resembling the thyroidal acinar 
epithelium. Characteristically, subjacent to the lining 
epithelium there is an intense lymphocytic infiltrate. 
Superimposed infection may convert these lesions into 
abscess cavities. 

The main significance of these lesions is that (1) 
they create masses in the neck requiring differentiation 
from more serious neoplasms; (2) they may communicate 
with the skin to produce persistent draining sinuses; (3) 
sometimes the persistent duct drains into the base of 
the tongue; and (4) these anomalous structures are rare 
sources for the development of malignancy.’ 

Agenesis and dysgenesis of the thyroid gland are 
uncommon congenital anomalies. In many instances 
there appears to be total failure of development of the 
normally situated thyroid gland. Aberrant rests of ec- 
topic thyroid are rare congenital anomalies. They are 
located most often at the base of the tongue but some- 
times along the course of the thyroglossal duct. As 
mentioned at the outset, the ectopic rests are almost 
always located within the anterior triangle of the neck, 
and so may be mistaken for an enlarged lymph node or 
sometimes for a metastasis from a very well-differen- 
tiated carcinoma of the thyroid. In most cases, these 
remnants are supernumerary to the definitive thyroid 
gland. Only infrequently do they represent the only 
thyroid tissue in the individual. When the definitive 
thyroid is lacking and there is little or no aberrant tissue 
to replace it, athyreotic cretinism may result. 
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ATROPHY OF THYROID 


Atrophy of the thyroid gland is a nonclinical term 
applied by morphologists to total or near-total replace- 
ment of the thyroidal substance by fibrous tissue when 
the cause is uncertain. Often, only scattered rests of 
thyroid parenchyma persist along with foci of lympho- 
cytic infiltration in the fibrous atrophy. Such follicular 
cells as persist may have undergone squamous metapla- 
sia or transformation into Hirthle cells having abundant, 
finely granular eosinophilic cytoplasm. It is impossible 
from the morphologic examination to determine the 
cause of the atrophic process, but the possibilities 
include (1) panhypopituitarism, (2) acute or subacute 
thyroiditis (bacterial, viral), (3) irradiation, and (4) pri- 
mary, idiopathic (autoimmune) hypothyroidism. 


SYSTEMIC THYROIDAL CHANGES 


Notable in this category are systemic amyloidosis, 
with deposits in the stromal connective tissue chiefly 
about vessels, and hemochromatosis, with the accumu- 
lation of hemosiderin pigment within thyroidal epithe- 
lium and within fibroblasts in the stroma. These involve- 
ments rarely produce functional abnormalities. The 
thyroid may be seeded by any blood-borne infection or 
disseminated disease, as pointed out in the consideration 
of thyroiditis (p. 1206). It is sometimes seeded by 
metastatic cancers, including lymphomas and leukemias. 
Necropsy studies have identified thyroid involvement 
in 4 to 24% of patients dying of disseminated cancer.!” 
Almost any solid tissue cancer may involve the thyroid, 
but the usual primary lesions are carcinomas of the 
breast, lung, and kidney and malignant melanoma of 
the skin. In most instances the seedings or leukemic 
infiltrates are small and of no significance; on occasion, 
however, they are sufficiently extensive to cause thy- 
roidal enlargement and sometimes functional insuffi- 
ciency, but usually in a patient already terminally ill. 


Parathyroid Glands 


NORMAL Primary hyperplasia 
PATHOLOGY Secondary Hyperparathyroidism 
Primary Hyperparathyroidism Hypoparathyroidism 

Adenomas Pseudo- and 

Carcinoma 


NORMAL 


The parathyroid glands are derived from the pha- 
ryngeal pouches—the upper glands from the endoderm 
of the fourth pouch, and the lower pair from the third 
pouch. About 90% of individuals have four parathyroid 
glands, but there may be as many as six or as few as 
two. There is, therefore, hazard in unnecessarily re- 


pseudopseudohypoparathyroidism 


moving even a single gland in a patient who might have 
only one gland left. In the adult, the parathyroid is a 
yellow-brown, ovoid, encapsulated nodule weighing ap- 
proximately 35 to 40 mg. It measures between 4 to 6 
mm in length, 2 to 4 mm in width, and 0.5 to 2 mm in 
thickness. The superior glands are almost always located 
close to the upper posterior aspect of the thyroid, but 
the inferior glands are much more footloose and found 
anywhere from the lower pole of the thyroid down to 
the deepest recesses of the thymus. 
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In early infancy and in the child, the parathyroids 
are composed almost entirely of solid sheets of chief 
cells. With increasing age, oxyphil and water-clear cells 
appear as well as fat, but a recent study indicates that 
most normal parathyroids accumulate on average only 
about 15 to 20% of fat and almost never more than 50% 
at any age.'™ 

Chief cells vary from light to dark pink with H and 
E stain in the light microscope, depending on their 
glycogen content: the more glycogen, the lighter the 
cell. They are polygonal, 12 to 20 w in diameter with 
slightly acidophilic cytoplasm and central, round, uni- 
form nuclei. In addition to having the usual cellular 
organelles, they have a large Golgi complex, a moderate 
number of mitochondria, lipofuscin pigment granules, 
and numerous secretory granules. The water-clear cell 
is a variant of the chief cell, having few secretory and 
lipofuscin granules and large lakes of glycogen. Oxyphil 
cells, found throughout the normal parathyroid in adults, 
either singly or in small clusters, are slightly larger than 
chief cells, have a brightly acidophilic cytoplasm, and 
under the electron microscope are classically tightly 
packed with mitochondria. Glycogen granules are also 
present in these cells, but there are no secretory gran- 
ules. The chief cell is the progenitor of the other forms 
and is the major source of parathyroid hormone. Tran- 
sitional oxyphils are indeed more numerous than 
oxyphils. 

Parathyroid hormone (PTH) is a peptide containing 
84 amino acids derived from a longer “pre-pro’ form by 
sequential cleavage within chief cells. The steps in- 
volved in these cleavages are available in standard texts. 
Following secretion, PTH is rapidly split (within a half- 
life of minutes) into an amino-terminal (N) fragment of 
34 amino acids having an even shorter half-life and a 
carboxy-terminal (C) fragment with a half-life of several 
hours. Most radioimmunoassays measure the serum 
level of the C fragments, which are more readily titered 
because of their longer half-life, but the biologic activity 
of PTH resides in the N fragments. The C fragment, so 
far as is known, has no biologic activity. Thus, it is 
possible for nonendocrine tumors to elaborate biologi- 
cally active fragments of PTH that will not be detectable 
by radioimmunoassays or for elevated immunoassays to 
not be associated with hyperfunction.!% 

As is well-known, the function of PTH is the 
maintenance of normal levels of calcium (more accu- 
rately, ionized calcium) in the extracellular fluid. At the 
cell level, the hormone binds to membrane receptors 
on target cells to stimulate adenylate cyclase, leading to 
an increase in intracellular cAMP. At the same time it 
facilitates the flow of calcium out of blood into cells. It 
thus appears that both cAMP and calcium cooperate in 
serving as the ultimate mediators of the physiologic 
actions of PTH, but the precise steps involved are 
unknown. Maintenance of normocalcemia is mediated 
by direct effects on kidney and bone and indirect effects 
on the intestines. Absorption of calcium from the gut is 
enhanced largely by the vitamin D metabolite la,25- 
(OH),D, whose synthesis in the kidney is regulated by 


PTH, as detailed on page 406. At the same time it 
directly reduces renal excretion of calcium by enhancing 
its reabsorption from the glomerular filtrate and in- 
creases the rate of dissolution of bone mineral, involving 
two separable sequences. First, there is an immediate 
efflux of calcium from bone into blood within minutes. 
This is followed by a more prolonged release of bone 
calcium as a consequence of increased resorption of 
bone. Whether this action is related to increased osteo- 
clastic activity or reduced osteoblastic activity, leading 
to a net catabolic effect, is not clear.!” All actions of 
PTH serve to increase serum calcium. In turn, PTH 
secretion is regulated by the serum calcium level in a 
classic feedback loop. The complex relationships among 
phosphate, vitamin D, and PTH in the maintenance of 
normocalcemia were discussed earlier (p. 406). 


PATHOLOGY 


The anatomic disorders of the parathyroid gland 
are best considered in relation to their effects on func- 
tion, i.e., hyperparathyroidism and hypoparathyroid- 
ism. The former can further be divided into primary 
hyperparathyroidism, which results from disorders in- 
trinsic to the glands that produce hypersecretion of PTH 
with hypercalcemia and hypophosphatemia, and secon- 
dary hyperparathyroidism, also associated with exces- 
sive production of PTH, but basically characterized by 
some apparent resistance in the target tissues to the 
action of the hormone. Thus, in secondary hyperpara- 
thyroidism the physiologic actions of PTH are more or 
less blocked, with resultant hypocalcemia and hyper- 
phosphatemia. The low serum calcium levels stimulate 
parathyroid function and, in time, induce hyperplastic 
changes. The following discussion, therefore, covers 
primary hyperparathyroidism, secondary hyperparathy- 
roidism, and hypoparathyroidism. 


PRIMARY HYPERPARATHYROIDISM 


The major biochemical features that characterize 
primary hyperparathyroidism and are found in almost 
all patients are (1) elevated serum levels of PTH by 
radioimmunoassay, (2) hypercalcemia, (3) hypophospha- 
temia, and (4) excessive urinary excretion of calcium. A 
number of clinical consequences follow, some early, 
others only after some long period of hyperfunction, 
and thus the clinical presentation depends on the du- 
ration of the metabolic derangement.!® Neuromuscular 
weakness and fatigability appear early and insidiously in 
most patients. Less regularly, neuropsychiatric distur- 
bances develop ranging from depression, anxiety, and 
psychoses to mental obtundation and even coma. More 
specific is the appearance of renal stones or nephrocal- 
cinosis (p. 1053) incident to the hypercalciuria. These 
abnormalities were once found in 50 to 70% of patients, 
but with earlier diagnosis of the condition, for reasons 


given later, they are now present in less than 25%. 
Increased mobilization of skeletal calcium followed by 
bone resorption and remodeling may in time give rise 
to so-called “osteitis fibrosa cystica’ (p. 1329), diagnostic 
of hyperparathyroidism. These bony changes appear 
only after some long period (years) of parathyroid hy- 
perfunction. They were once present in 80 to 90% of 
cases, but now are found in only 10 to 15%.'!” A number 
of other changes may also be present but they are less 
constant and it is less certain that they are directly 
caused by hyperparathyroidism. Hypertension and its 
associated cardiovascular consequences is a common 
finding in over half of the patients. However, the 
hypertension may not be alleviated by surgical removal 
of the causal parathyroid lesion, calling into question 
cause and effect. However, it is possible that perpetua- 
tion of the hypertension may be due to the development 
of renovascular changes incident to the prolonged hy- 
pertension. Pancreatitis is sometimes associated with 
hyperparathyroidism, as noted on page 963, but for 
reasons that are not entirely clear. Peptic ulcers are also 
more prevalent, and this is attributed to increased 
secretion of gastrin secondary to elevated serum levels 
of calcium or PTH. However, a direct causal association 
between primary hyperparathyroidism and peptic ulcer 
has been challenged. Cholelithiasis has been reported 
in 25 to 35% of patients, presumably owing to increased 
calcium levels in the bile with the formation of insoluble 
calcium bilirubinates. Finally, the hypercalcemia may 
give rise to metastatic calcifications in soft tissues, 
vessels, and joints, as described on page 35. The deposit 
of calcium pyrophosphate in the joints causes disabling 
chondrocalcinosis in about 15 to 20% of cases (p. 
1362), 18 

As indicated, the clinical picture of primary hyper- 
parathyroidism has undergone change over the past 
years. At one time the condition passed unrecognized 
until “stone and bone” disease brought it to attention. 
Today, the diagnosis is often made fortuitously by a 
routine determination of serum calcium as one of the 
multiphasic laboratory tests routinely employed in clin- 
ical practice. Thus, most patients are asymptomatic or 
only in retrospect have vague complaints.’ However, 
it must be cautioned that the mere identification of 
hypercalcemia by the laboratory cannot be equated with 
hyperparathyroidism. It may have many causes, as 
indicated in Table 26-6. 

Hypercalcemia is at least as frequently caused by 
nonparathyroid cancers as it is by hyperparathyroidism. 
In some of these cases the elevated serum calcium is 
related to direct resorption of bone by the cancer 
(multiple myeloma) or by its osteolytic metastases (from 
cancers of the breast, lung, and other areas). Sometimes, 
however, the hypercalcemia occurs in the absence of 
skeletal metastases related to the elaboration of some 
calcium-mobilizing humoral agent such as prostaglandin 
E,, osteoclast-activating factor, PTH, or PTH-like sub- 
stances.!!° There is a regrettable tendency to refer to 
these syndromes as “pseudohyperparathyroidism” when 
in reality they represent paraneoplastic syndromes. 
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Table 26-6. CLINICAL CAUSES OF HYPERCALCEMIA* 


Parathyroid Glands 


Percentage 
Diagnosis of Cases 
Malignancy 34.4 
Hyperparathyroidism 34.2 
Vitamin D excess 12.1 
Hyperthyroidism 3.9 
Milk-alkali syndrome ) 3.9 
Immobilization 2.3 
Idiopathic 0.9 
Sarcoidosis 0.9 
Dysproteinemias 0.6 
Addison's disease 0.6 
Laboratory error 13.4 


*Taken from Schmidt, N.: Hyperparathyroidism, a review. Am. J. 
Surg. 739:657, 1980. : 


Analyses of large series of cases of primary hyper- 
parathyroidism reveal the following distribution of glan- 
dular abnormalities.*” 


Lesion Percentage 
Single adenoma —y 80 
Double adenoma (? hyper- 2-3 
plasia) 

Primary hyperplasia 15 
Carcinoma 2-3 


Specifically excluded are the nonparathyroid can- 
cers producing hypercalcemia, since paraneoplastic syn- 
dromes do not constitute primary hyperparathyroidism. 
However, included in this compilation are instances in 
which the parathyroid pathology is a component of 
familial polyendocrine syndromes such as multiple en- 
docrine neoplasia (MEN) I, MEN Ila, and other more 
rare familial hypercalcemic hyperparathyroid constella- 
tions.° The MEN syndromes are discussed on page 
988 and it suffices to note here that they may be 
associated with either adenomas or hyperplasia of the 
parathyroids. 


ADENOMAS 


These benign tumors are generally extremely small 
and difficult to locate even at surgical exploration. They 
may occur in either sex at any age, with a peak incidence 
in the middle decades of life. As the above listing 
indicates, they usually occur singly, although occasion- 
ally two adenomas are found dispersed among the four 
glands. The interpretation of double adenomas is un- 
certain. Are they merely coincidental neoplasms, or is 
the enlargement of two glands an incomplete form of 
hyperplasia that usually involves all four glands, but 
sometimes asymmetrically, giving the false impression 
of multiple adenomas? Relevant to this issue is the 
finding that at least some parathyroid adenomas are 
polyclonal in origin.’ If adenomas were true neo- 
plasms, is it likely that they, like most neoplasms, would 
be monoclonal? Thus, a slender thread of evidence 
suggests that adenomas may arise as hyperplastic lesions 
that are converted into autonomous neoplasms. What 
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the stimulus to such hyperplasia may be is a mystery. 
Nonetheless, it is evident that, in the surgical excision 
of an adenoma, all four glands must be visualized to 
discover possible double or polyglandular enlargements. 


Adenomas are generally small, averaging 0.5 to 5.0 gm 
in weight. Occasionally, however, they are as large as 10 to 
20 gm, and extreme weights of over 100 gm have been 
reported. For obscure reasons, the neoplasm is most often 
located in the inferior parathyroid glands.''? However, they 
may be found in such ectopic sites as the thymus, thyroid, 
or pericardium or behind the esophagus, sometimes creating 
the proverbial surgical problem of ‘the needle in the hay- 
stack.” They are well encapsulated, soft, yielding, yellow-to- 
tan-to-red lesions. Some are composed of pure cell types, 
but others display mixed cell populations (Fig. 26—34). 
The most common variant is composed principally of chief 
cells, but many transitional and oxyphil cells are often also 
present. The chief cells are frequently slightly larger than 
normal, with variations in cell and nuclear size. Sometimes, 
hyperchromatic pleomorphic nuclei are present in these 
benign lesions, with occasional binucleate forms—features 
that are of some importance since they help to distinguish 
primary adenomas from hyperplasia. In the latter, the cell 
types are much more uniform. Infrequently, the adenoma is 
composed largely of water-clear cells; however, here again 
chief cells and oxyphils may be found (Fig. 26-35). A 
functioning adenoma composed largely of oxyphil cells is 
extremely rare. Whatever the cell type, they are disposed in 
solid sheets or masses, but occasionally the tumor is sepa- 
rated into apparent lobules by traversing bands of fibrous 
tissue. At other times, a well-vascularized stroma produces 
cords of cells, and occasionally glandlike patterns are seen. 
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Fig. 26-34 


Sometimes a rim of normal parathyroid tissue can be 
seen external to the capsule, serving to differentiate the 
adenomatous lesion from diffuse hyperplasia. 

Electron microscopy of these adenomas has not re- 
vealed many differences between these neoplastic cells and 
their normal counterparts.''* Distinctive in many cells is a 
concentric laminated pattern of smooth-faced cisternae, 
termed annulate lamellae, in the region of the Golgi com- 
plex.''S This structu:e has been identified in many experi- 
mental tumors, and there is the suggestion that it is involved 
in protein synthesis or some other synthetic activity and 
perhaps accounts for the growth potential of these cells. 


No correlation has been noted between the cell 
type predominating in the adenoma and the level of 
resultant hyperfunction. 


CARCINOMA 


Carcinoma of the parathyroid glands is a rare cause 
of primary hyperfunction. The manifestations are similar 
to those of “benign” hyperparathyroidism but tend to 
be exaggerated, with more marked and earlier bone 
changes and a greater tendency to renal stones— bone 
and stone disease. !'° All agree that there are undoubted 
cases of nonfunctioning carcinomas of the parathyroid 
glands, but the close anatomic similarity between such 
lesions and carcinomas arising in the thyroid has led to 
the commonly accepted criterion that the diagnosis of a 
carcinoma arising in the parathyroid requires the dem- 
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Figure 26-34. Parathyroid adenoma containing chief cells, oxyphils, and a few water-clear (“wasserhelle”) cells growing in sheets and 


glandular patterns. 


Figure 26-35. Parathyroid adenoma, chiefly of ““wasserhelle” cell type. Note the slight variability in cell and nuclear size. 


onstration of hyperfunction. There is great difficulty in 
distinguishing between the pleomorphism of adenomas 
and the mild anaplasia of some carcinomas. As a con- 
sequence, it has also been proposed that, for a diagnosis 
of malignancy, one of the three following features must 
be present: (1) metastases, either to regional nodes or 
to distant organs; (2) capsular invasion; or (3) local 
recurrence following resection. 


Most of the carcinomas described have been small and, 
in fact, some have been less than 1 gm in weight. They are 
often irregular in shape and show lobulation and pseudopod 
formation and sometimes adherence to surrounding struc- 
tures. They are usually considerably more firm than adeno- 
mas. The major histologic features that may help to distin- 
guish a carcinoma from an adenoma are (1) a trabecular 
pattern, (2) mitotic figures, (3) thick fibrous bands, (4) cap- 
sular invasion, and (5) blood vessel invasion."'” 


When these lesions metastasize, they usually affect 
the regional nodes alone. Rarely, they spread to distant 
organs such as the lungs, as well as below the dia- 
phragm. Survival for many years is the rule, and death 
results more often from the complications of hyperpar- 
athyroidism than from the spread of the lesion. 


PRIMARY HYPERPLASIA 


This designation is applied to diffuse hyperplastic 
enlargement, usually of all four parathyroid glands. 
However, as pointed out earlier, the hyperplasia may 
be asymmetric and leave one or two glands deceptively 
unenlarged, accounting for the controversy relative to 
multiple adenomas versus asymmetric hyperplasia. The 
dispute is heightened by a lack of understanding of the 
basis of the hyperplasia. Many highly hypothetical ex- 
planations have been offered invoking excessive urinary 
excretion of calcium leading to a mild hypocalcemia, 
subtle end-organ resistance to PTH calling for increased 
parathyroid gland function, and previous neck irradia- 
tion stimulating cell replication. In the last analysis, 
however, the cause of the primary hyperplasia is 
unknown. Whatever its origins, primary hyperplasia 
accounts for 15% of cases of primary hyperpara- 
thyroidism, and is caused most often by chief cell 
hyperplasia (12%) and less commonly by clear cell 
hyperplasia (3%). 


Chief cell hyperplasia must be described separately 
from clear cell hyperplasia since there are both gross and 
microscopic differences. In chief cell hyperplasia, the total 
weight of all glands may be less than 1 gm, although an 
upper range on the order of 10 gm has been recorded. 
Often, one or two glands are significantly larger than the 
remainder.''® It would be easy to interpret such a presenta- 
tion as that of an adenoma or double adenomas. The glands 
vary in color from yellow to tan to red-brown and often 
contain small cysts. 

The histologic pattern of the hyperplastic glands is quite 
variable. The chief cells are laid down in cords, sheets, and 
occasionally glandular patterns, sometimes with dispersed 
stromal fat cells. However, usually there are areas of solid 
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parathyroid cells devoid of fat cells, a microscopic 
feature of great importance in distinguishing hyperpla- 
sia from normal glands. Rarely, in chief cell hyperplasia, 
the glands are composed almost completely of oxyphil cells, 
or a mixture of groups of chief cells, oxyphils, and transitional 
cells.''® Ultrastructurally, many of the chief cells and oxyphils 
contain numerous secretory vacuoles. 

In contrast, clear cell hyperplasias are usually marked 
by greater enlargement of the glands than in chief cell 
hyperplasia. Aggregate weights of over 10 gm are not 
uncommon. In clear cell hyperplasias the glands are most 
often characterized by a uniform distribution of variably 
enlarged cells (8 to 40 um) with pale, amphophilic cytoplasm. 
Usually, all four parathyroid glands are completely replaced 
by the clear cells and there are few residual fat cells or 
oxyphil cells (Fig. 26-36). The cytoplasm is not actually 
cleared, but can be resolved under the electron microscope 
as being filled by small, seemingly empty vacuoles of un- 
certain origin—either derived from the Golgi apparatus or 
from the granular endoplasmic reticulum.''? 


Parathyroid Glands 


SECONDARY HYPERPARATHYROIDISM 


Secondary hyperparathyroidism is characterized by 
compensatory hypersecretion of PTH in response to 
end-organ resistance to PTH, leading to an inability to 
maintain blood calcium levels. Primary hyperparathy- 
roidism is usually marked by hypercalcemia, whereas 
secondary is characterized by hypocalcemia, albeit 
sometimes mild. The most important cause of secondary 
hyperparathyroidism is chronic renal insufficiency. 
Chronic hypocalcemia and secondary hyperparathyroid- 


Figure 26-36. A detail of marked primary parathyroid hyperplasia 
showing characteristic clear cell pattern. 
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ism may also be encountered in vitamin D deficiency, 
intestinal malabsorption syndromes with inadequate ab- 
sorption of vitamin D and calcium, and pseudohypopar- 
athyroidism (p. 1131). Rarely, medullary thyroid carci- 
nomas producing an excess of calcitonin may be 
accompanied by secondary hyperplasia of the parathy- 
roid glands. 

The sequence of events léading to the parathyroid 
compensatory hyperfunction in the various clinical cir- 
cumstances mentioned is poorly understood. Although 
resistance to PTH and hypocalcemia are postulated, 
they are difficult to establish in many instances. More- 
over, many more complexities are probably involved. 
For example, in chronic renal failure the initial stimulus 
is probably reduction of ionized calcium in the extra- 
cellular fluid secondary to renal retention of phosphate. 
The hyperphosphatemia and damaged renal parenchyma 
(underlying the renal failure) combine to reduce the 
renal production of la,25-(OH),D;. Decreased intestinal 
absorption of calcium follows. There is also impaired 
mobilization of calcium from the skeleton, attributed to 
resistance to PTH. Compensatory hyperfunction of the 
parathyroids ensues. Generally, however, the manifes- 
tations of such hyperfunction are less prominent than 
those associated with primary hyperparathyroidism. 


The anatomic changes in the parathyroid glands consist 
principally of hyperplasia of the chief cells. This usually 
affects all glands but, not infrequently, one, two, or even 
three may be spared. The basis for such asymmetric involve- 
ment is obscure. Islands of oxyphils are often present, and 
the fat is usually largely replaced by hyperplastic cells (Figs. 
26-37 and 26-38). In general, more fat remains than in 
cases of primary hyperplasia. 


In many instances the glands revert to normal if 
the basic clinical derangement is brought under control 
by, for example, renal transplantation or vitamin D 
supplementation. With long-standing secondary hyper- 
plasia and greater glandular enlargement, however, 
reversion to normal may not occur, contributing to the 
possibility that secondary hyperplasia may in time con- 
vert into autonomous primary hyperplasia, which in 
turn may induce adenoma formation. 


HYPOPARATHYROIDISM 


Hypoparathyroidism may arise whenever there is 
inadequate secretion of PTH or the hormone is biolog- 
ically ineffective. Under these circumstances the dimin- 
ished physiologic action of PTH on the kidney and bone 
leads to hypocalcemia and hyperphosphatemia. On oc- 
casion, reduced end-organ sensitivity to PTH may in- 
duce hypoparathyroidism that in time may convert to 
secondary hyperparathyroidism. A constellation of clin- 
ical changes are associated with hypoparathyroidism, 
but since the resultant syndrome is largely metabolic 
and clinical with scant anatomic changes, it will be 
discussed only briefly. With milder expressions of the 
syndrome, the clinical manifestations are exceedingly 
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Figure 26-37. Diffuse secondary hyperplasia of parathyroid, illus- 
trating extensive replacement of the normally contained fat. 


Figure 26—38. Normal parathyroid for comparison with Figure 26-37 
to illustrate usual content of fat and abundant connective tissue 
stroma. 


subtle and almost undecipherable without the docu- 
mentation of hypocalcemia. On the other extreme are 
the more overt expressions marked by the following: 

1. Increased neuromuscular excitability may be 
noted, related to the decreased serum ionized calcium 
concentration. Classjcally, this is elicited by tapping 
along the course of the facial nerve, which induces 
contractions of the muscles of the eye, mouth, or nose 
(Chvostek’s sign). More dramatic is the development of 
tetany with muscle cramps, carpopedal spasms, laryn- 
geal stridor, and convulsions. 

2. Mental changes ranging from irritability to 
depression and frank psychosis may appear. 

3. Neurologic signs suggesting an intracranial tu- 
mor may appear with elevated CSF pressure and pap- 
illedema. 

4. Intracranial calcifications can be visualized by 
skull x-rays in approximately 20% of patients with 
chronic hypoparathyroidism, sometimes leading to a 


parkinsonian-like syndrome. ’ 
5. The lens may become calcified, leading to cata- 
ract formation. 


6. The lowered serum calcium causes abnormali- 
ties in cardiac conduction (mainly prolongation of the 
Q-T interval and T-wave changes). 

7. Abnormalities in dentition are common in chil- 
dren, taking the forms of defective enamel, dental 
hypoplasia, and delayed eruption of teeth. 

A number of other changes may be present, de- 
pending on the particular cause of the hypoparathyroid- 
ism. 

Many disorders may induce hypoparathyroidism. 
Their relative frequency differs in adults and children, 
as indicated in the following listing, cited in order of 
frequency:!”° 


In Adults 

Postsurgical removal of glands 
Idiopathic isolated hypoparathyroidism 
Familial (? autoimmune) hypoparathyroidism 
DiGeorge’s syndrome 

In Neonates and Children 
Idiopathic isolated hypoparathyroidism 
Familial (? autoimmune) hypoparathyroidism 
DiGeorge’s syndrome 
Postsurgical removal of glands 


Postsurgical hypoparathyroidism has been reported 
following thyroidectomy, surgery for hyperparathyroid- 
ism, and radical neck dissections for cancer; its reported 
frequency ranges from 0.2 to 10%. The familial syn- 
drome of uncertain mode of transmission is thought to 
represent some form of autoimmune disease, but ap- 
parent autoimmune disease may also appear without an 
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obvious hereditary background. In both instances the 
hypoparathyroidism is often accompanied by hypoad- 
renalism, autoimmune thyroid disease, insulin-depend- 
ent diabetes mellitus, and pernicious anemia, all sus- 
pected of also being autoimmune.” There is frequently 
an associated mucocutaneous candidiasis, and studies 
point to deranged T-suppressor cell function as the basis 
of the autoimmune reactions and vulnerability to fungal 
infections.'22, DiGeorge’s syndrome, as discussed on 
page 207, is a form of congenital immunodeficiency state 
characterized by a T-cell deficiency secondary to thymic 
hypoplasia, but, for our interest, also accompanied by 
parathyroid hypoplasia. There are still other causes of 
hypoparathyroidism such as postradiation, metastases to 
the parathyroid glands, and suppression of PTH secre- 
tion by prolonged hypercalcemia, but all are exceedingly 
uncommon. 


Parathyroid Glands 


PSEUDO- AND 
PSEUDOPSEUDOHYPOPARATHYROIDISM 


Pseudohypoparathyroidism and pseudopseudohy- 
poparathyroidism are rare and merit only brief charac- 
terizations of their intriguing qualities. Pseudohypopar- 
athyroidism is a _ hereditary disorder, perhaps 
transmitted as an X-linked dominant, characterized by 
signs and symptoms of hypoparathyroidism, with hy- 
pocalcemia and hyperphosphatemia, associated, how- 
ever, with normal or even elevated levels of circulating 
PTH. End-organ unresponsiveness mainly in the kidney 
is postulated because the circylating hormone can be 
proved to be biologically active. Rare reports suggest 
restoration of normal sensitivity to PTH following the 
administration of large doses of 1a,25-(OH),D,. The 
distinctive features of pseudohypoparathyroidism are 
short stature, round face, short neck, abnormally short 
metacarpal and metatarsal bones, and particularly an 
abnormally short fourth and fifth metacarpal and meta- 
tarsal. Many patients are mentally deficient. Soft tissue 
calcifications and bony changes similar to those in hy- 
perparathyroidism sometimes appear. You may recall 
that end-organ resistance to PTH may lead to secondary 
hyperparathyroidism, and it is likely that some patients 
with pseudohypoparathyroidism develop some of the 
stigmata of secondary hyperparathyroidism. 

Pseudopseudohypoparathyroidism is characterized 
by a clinical picture identical to that of pseudohypopar- 
athyroidism except that these patients have no hypocal- 
cemia or hyperphosphatemia and apparently have a 
normal renal response to PTH. It, too, may be an X- 


-linked hereditary disorder, but the rarity of the condi- 


tion has not permitted mendelian analysis. 
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Adrenal Cortex 


NORMAL 
PATHOLOGY 
Developmental Anomalies 
Congenital adrenal hypoplasia 
Ectopic adrenals 
Hypofunction of Adrenal Cortex 
(Hypoadrenalism) 


THE ENDOCRINE SYSTEM 


(Hyperadrenalism) 


NORMAL 


The adrenals, although small and tucked away as 
seeming appendages to the kidneys, are remarkably 
crucial to homeostasis and adaptation to stress. We do 
not know why the cortex and medulla are in such close 
relationship, for they have little in common. The me- 
dulla is of neural crest ectodermal origin and thus is 
essentially a neurosecretory organ. The cortex is meso- 
dermal in origin, derived from the urogenital ridge. 
Before birth the adrenal cortex is composed largely of a 
wide juxtamedullary fetal zone, but after birth the fetal 
zone begins to atrophy. In a few months the three 
definitive cortical zones appear: the subcapsular zona 
glomerulosa, the intermediate zone fasciculata, and the 
inner zona reticularis. 

The normal adrenal in the adult weighs 4 to 5 gm. 
Significant increases above this weight may be the chief 
evidence of hyperplasia, just as reductions would point 
to atrophy. The normal adrenal cortex is yellow-brown 
owing largely to its content of lipochrome pigment and 
in some part to stored steroid precursors—free and 
esterified cholesterol, triglycerides, and phospholipids. 
The zona glomerulosa makes up approximately 10 to 
15% of the cortex. It consists of closely packed groups 
and clusters of cuboidal-to-columnar cells with darkly 
staining nuclei and scanty cytoplasm containing only a 
few lipid droplets. Under the electron microscope the 
most prominent feature is an abundant anastomosing 
network of smooth endoplasmic reticulum. The mito- 
chondria are filamentous and have lamellar cristae like 
those in most other organs. Differences in mitochondrial 
morphology in the cells of the three cortical layers may 
help in identifying the precise cells of origin of cortical 
neoplasms. 

The zona fasciculata constitutes 80% of the cortex. 
It is organized into long cords or columns of polyhedral 
cells somewhat larger than those of the glomerulosa that 
have a central darkly-staining nucleus and a cytoplasm 
stuffed with fine vacuoles. The lipids within these 
vacuoles are mostly cholesterol and cholesteryl esters, 
which are dissolved out in the usual paraffin sections 
submitted to organic solvents. Such cells are variously 
referred to as “clear” or “light” cells. With electron 
microscopy, an elaborate smooth endoplasmic reticulum 
is seen, as well as a Golgi apparatus somewhat larger 
than that present in the zona glomerulosa. However, 
mitochondria are less numerous, more variable in size 
and shape, and the cristae are tubulovesicular invagin- 
ations of the inner membrane. Histochemical stains 


Primary chronic adrenocortical 
insufficiency (Addison's disease) 
Primary acute adrenocortical insufficiency 
Waterhouse-Friderichsen syndrome 
Secondary adrenocortical insufficiency 
Hyperfunction of Adrenal Cortex 


Cushing's syndrome 
Primary (low-renin) hyperaldosteronism— 
Conn’s syndrome 
Adrenal virilism and congenital adrenal 
hyperplasia (CAH) 
Cortical Neoplasms 


disclose scant amounts of oxidases and dehydrogenases 
in the mitochondria. The abundant storage of cholesterol 
is interpreted as reserve substrate for the biogenesis of 
the corticosteroids and is taken to mean that fasciculata 
cells in the normal state of health are inactive in terms 
of synthetic function. 

In the zona reticularis, the parallel cords give way 
to irregularly arranged clusters that abut on the adrenal 
medulla and in the aggregate make up about 5 to 10% 
of the total cortex. The cells basically resemble those of 
the fasciculata, but the cytoplasm is nonvacuolated and 
darkly acidophilic and contains large accumulations of 
lipochrome pigment. Thus, these cells are called “dark” 
or “compact” cells. They possess an abundant smooth 
endoplasmic reticulum, numerous mitochondria having 
cristae intermediate between those in the other two 
zones, and are rich in oxidative enzymes, alkaline, and 
acid phosphatases and ribonucleic acid. It is proposed 
that reticularis cells are the major source of glucocorti- 
coids and adrenal androgens under normal conditions 
of health. With prolonged stress, as during a chronic 
illness or after exogeneous ACTH stimulation, the fas- 
ciculata cells are converted from within outward into 
nonvacuolated “dark” cells as the stored precursors are 
used up in the synthesis of corticosteroids (Fig. 26-39). 
Thus, the zonae fasciculata and reticularis represent a 
single functional zone, with the fasciculata constituting 
a ready reserve, capable of being activated into steroi- 
dogenesis. 

A few comments on the biosynthesis of the cortical 
steroids are in order to facilitate an understanding of 
the clinical significance of cortical diseases. As you may 
know, all the steroids are synthesized from acetate and 
cholesterol precursors.’ A simplified flow diagram of 
steroid synthesis is presented in Figure 26-40. Preg- 
nenolone is derived from cholesterol and it in turn may 
be converted by a 3-8-hydroxysteroid dehydrogenase 
into progesterone or by a 17-hydroxylase into a 17-a- 
hydroxypregnenolone. Progesterone is a key interme- 
diate; from it flows all aldosterone secretion. Cortisol 
and testosterone may also be derived from it, although 
other pathways exist for these steroids. Critical enzymes 
involved in biosynthesis are 3-8-hydroxysteroid dehy- 
drogenase, and 11-, 17-, and 21-hydroxylases. A hered- 
itary deficiency of one of these enzymes not only blocks 
the synthesis of specific steroids but also channels the 
precursors into alternative pathways. 

There are associations between cortical zones and 
specific corticosteroids. The mineralocorticoids, the 
most important of which is aldosterone, are synthesized 
in the zona glomerulosa, although certain glucocorti- 


Figure 26-39. Human adrenal cortex in stress—complete lipid 
depletion. Cells of cortex are exclusively “dark” (compact) in type. 


coids, e.g., cortisol, have similar but weaker effects. 
The glucocorticoids, of which the most active is cortisol, 
are synthesized in the zonae reticularis and fasciculata. 
Analogously, testosterone, the major adrenal androgen, 
is also synthesized in the inner two zones. Estrogens 
probably are not synthesized by the normal adrenal 
gland. The feminization associated with certain disorders 
is most likely the consequence of the action of liver 
enzymes on androgenic precursors secreted by the 
cortex. Although synthesis of the glucocorticoids and 
adrenal androgens is under hypothalamic-anterior pitui- 
tary ACTH control, aldosterone secretion is largely 
independent of ACTH and is regulated by the serum 
levels of potassium and renin-angiotensin. However, 
physiologic levels of ACTH may be necessary to poten- 
tiate aldosterone secretion. Thus, increased levels of 
ACTH, whether of exogenous or endogenous origin, 
induce hyperplasia of the inner two zones, not affecting 
the zona glomerulosa and, conversely, loss of anterior 
pituitary function leaves the zona glomerulosa relatively 
unaffected, while causing atrophy of the remainder of 
the cortex. Indeed, it has been said that the cortex 
functions as two separate glands, the zona glomerulosa 
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Figure 26—40. Pathways of steroid synthesis. 


being quite apart from the zonae fasciculata and retic- 
ularis. 

As pointed out earlier (p. 1193), ACTH is stored in 
and released from corticotrophs in the anterior pituitary. 
It is an unbranched polypeptide composed of 39 amino 
acids and derived from a much longer peptide, which 
is cleaved first into a carboxy-terminal fragment contain- 
ing not only ACTH but also beta lipotropin, beta 
endorphin, and beta melanotropin (a melanocyte-stim- 
ulating factor). The amino-terminal fragment has no 
steroidogenic effect but contains a gamma melanotro- 
pin.!?* Thereafter, ACTH is cleaved from the carboxy- 
terminal fragment. Hence, ACTH production is accom- 
panied by the formation of melanotropins. Certain ex- 
trapituitary neoplasms such as bronchogenic carcinomas 
and others (p. 255) may also elaborate ACTH or ACTH- 
like substances (presumably carboxy-terminal frag- 
ments). Release of ACTH in the anterior pituitary is 
effected by corticotropin-releasing factor (CRF) secreted 
into the pituitary stalk—portal vascular system by the 
hypothalamus. Three influences regulate CRF and 
therefore ACTH release: (1) plasma free-cortisol levels, 
(2) stress, and (3) the diurnal cycle. Thus, there is a 
feedback loop in which ACTH stimulates cortisol secre- 
tion, which in turn inhibits the corticotrophs and pos- 
sibly the hypothalamus to suppress ACTH secretion. 
ACTH in time induces morphologic changes in the 
adrenal gland, principally depletion of lipid and cortical 
hyperplasia, accounting for an increase in adrenal weight 
and transformation of fasciculata “light” cells into “dark” 
cells actively engaged in steroid synthesis (Fig. 26-39). 
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Increased secretion of ACTH is associated also with 
enhanced melanin pigmentation of the skin. According 
to present concepts, this is the result of the simultaneous 
elaboration of melanotropins, rather than a direct action 
of ACTH. 


THE ENDOCRINE SYSTEM 


The clinical manifestations of most adrenal disor- 


ders can be interpreted in terms of their impact on the 
production and hence the function of the adrenal ste- 
roids. 

Cortisol inhibits the release of ACTH. Its actions 
on intermediary metabolism can be characterized as 
anti-insulin and mainly catabolic. It increases protein 
breakdown and nitrogen excretion. It increases the 
appetite and promotes the deposit of fat in the facial, 
cervical, and truncal regions. It increases hepatic glu- 
coneogenesis by mobilization of glycogenic amino acids 
from bone, muscle, connective tissue, and elsewhere, 
and simultaneously retards the uptake of glucose by 
muscle cells. It impairs the antibacterial action of phag- 
ocytes and also stabilizes membranes of cells and lyso- 
somes and impedes endothelial sticking of leukocytes 
and diapedesis. By unknown pathways it induces lysis 
of lymphoid tissues, particularly T cells. It is evident 
that this steroid blocks inflammatory and immunologic 
responses and may predispose to serious infections. By 
its membrane actions, cortisol inhibits the migration of 
water into cells and tends to expand the extracellular 
fluid (ECF) volume. Derangements in these functions 
are readily observed in patients with disorders that 
increase or decrease the synthetic activity of the inner 
two zones of the adrenal cortex. 

Aldosterone has two principal actions: (1) it is a 
major regulator of ECF volume and (2) it is the major 
regulator of potassium metabolism. An excess of aldo- 
sterone leads to sodium retention, loss of potassium, 
expansion of ECF volume, and hypertension. A defi- 
ciency induces the converse. 

Testosterone and the androgenic steroids accen- 
tuate male characteristics (cause masculinization) and 
inhibit female characteristics (cause defeminization). 
Thus, excesses of androgens lead to virilization in the 
female, manifested principally by hirsutism, amenor- 
rhea, clitoral enlargement, atrophy of the breasts and 
uterus, deepening of the voice, acne, and receding 
hairline. Masculinization is difficult to detect in the 
adult male but can lead to precocity in the prepubertal 
boy. 


PATHOLOGY 


The pathology of the adrenal cortex can be divided 
essentially into three categories: (1) disorders that re- 
duce the output of adrenal steroids, (2) disorders char- 
acterized by excess steroid production, and (3) lesions 
that have no functional effect. 

Inflammatory and regressive processes and, rarely, 
some tumors may destroy sufficient functioning cortical 
tissue to lead to adrenocortical hypofunction. The ad- 


renal cortex has an enormous reserve of functional 
activity. The destructive processes, then, must wipe out 
most of the functioning cortical tissue before insuff- 
ciency develops. 

On the other hand, hyperplastic or neoplastic proc- 
esses, by the production of increased amounts of ste- 
roids, lead to adrenocortical hyperfunction. To under- 
stand these syndromes, the biosynthesis of the steroids 
and the enzyme systems that play a role in this synthetic 
process must be known. In this area of pathology, as in 
so many others, function cannot be separated from 
structure. In the sections that follow, the major disor- 
ders of the adrenals will be discussed under the headings 
of hypo- and hyperadrenalism. Developmental anoma- 
lies and nonfunctioning tumors are dealt with separately. 


DEVELOPMENTAL ANOMALIES 


Adrenocortical hyperplasias are the most important 
of the congenital disorders. Because all cause striking 
alterations and increases in steroid synthesis resulting 
in adrenogenital syndromes, they will be discussed in 
the section on hyperadrenalism. Several rare anomalies 
remain to be considered here. 


CONGENITAL ADRENAL HYPOPLASIA 


Two distinct adrenal lesions occur in the newborn 
or young child. In one, the small adrenals are seen in 
the anencephalic, usually stillborn fetus, and the term 
anencephalic type is applied. The gland consists only of 
a provisional or adult cortex and no fetal zone. The 
cause is either cerebral, hypothalamic, or pituitary in 
origin. 

In the second, the cytomegalic type, an equally 
small adrenal (combined weight less than 1 gm) and a 
distinctive histologic pattern are found. The cortex 
consists uniformly of large, compact eosinophilic cells 
several times the size of normal adrenal cells, referred 
to as cytomegaly. They extend in irregular columns up 
to the capsule of the gland. They resemble the large 
cells seen occasionally in the fetal zone. This cytomegalic 
type of adrenal hypoplasia should not be confused with 
cytomegalic inclusion disease, which is a very different 
condition. The cause of cytomegalic adrenal hypoplasia 
is still unknown, but is possibly familial. When it is 
recognized promptly and replacement steroid therapy 
is instituted, long survival is possible. !* 


ECTOPIC ADRENALS 


Accessory adrenal tissue may be found retroperi- 
toneally anywhere from the diaphragm to the pelvis. 
Surprisingly, some of these aberrant adrenals contain 
both cortex and medulla. Rests of adrenal cortex are 
also found in the subcapsular regions of the kidney, 
testis, and ovarian cortex. These curious ectopias may 


assume importance, as in the patient with advanced 
breast cancer who is ovariectomized and adrenalecto- 
mized to ablate all sources of estrogen. 


HYPOFUNCTION OF ADRENAL 
CORTEX (HYPOADRENALISM) 


Adrenocortical hypofunction may be caused by any 
anatomic or metabolic lesion of the cortex that impairs 
the output of cortical steroids, or it may be secondary 
to a deficiency of ACTH. These varied origins of adreno- 
cortical insufficiency are classified in Table 26-7. 

The distinctive clinicoanatomic patterns of adreno- 
cortical insufficiency consist of (1) primary chronic ad- 
renocortical insufficiency (Addison’s disease), (2) primary 
acute adrenocortical insufficiency (adrenal crisis), and 
(3) secondary adrenocortical insufficiency. 


PRIMARY CHRONIC ADRENOCORTICAL 
INSUFFICIENCY (ADDISON’S DISEASE) 


Addison's disease is a rare condition caused by any 
chronic destructive process in the adrenal cortex. Clin- 
ical manifestations appear insidiously at any age, but 
not until at least 90% of the functioning cells have been 
destroyed. 

ETIOLOGY AND PATHOGENESIS. Among the many 
possible origins of primary chronic adrenal insufficiency 
listed below only two—idiopathic adrenalitis/atrophy 
and tuberculosis—account for most cases. All the re- 
maining potential causes, such as amyloidosis, metastatic 
cancer, sarcoidosis, and hemochromatosis, are ex- 
tremely rare, and moreover when present may not 
destroy over 90% of the functional reserve. Tuberculo- 
sis, usually secondary to pulmonary disease, was once 
the dominant cause of Addison's disease, but it now 
accounts for less than 20 to 25% of cases, having been 
supplanted by so-called idiopathic adrenalitis/atrophy. 
In some cases of Addison’s disease, small atrophic 


Table 26-7. 


| Primary Adrenocortical Insufficiency 
Anatomic loss of cortex 


Idiopathic (? autoimmune) adrenalitis/atrophy 
Infection (tuberculous, fungal, others) 

Hemorrhage (neonatal, bacteremic, traumatic) 
Metastatic cancer 

Amyloidosis 

Bilateral adrenalectomy for metastatic breast cancer 
Others (sarcoidosis, hemochromatosis) 


Metabolic failure in hormone production 


Congenital adrenal hyperplasia 
Drug-induced inhibition of cortical cell function 


Secondary Adrenocortical Insufficiency (Lack of ACTH) 
Hypothalamic-pituitary disease 


Hypothalamic-pituitary suppression 


Chronic administration of steroids 
Steroid-producing neoplasms 
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adrenal glands are found. There may be a cortical 
infiltrate of lymphocytes, or merely marked cortical 
atrophy. Presumably the noninflammatory glands rep- 
resent the end stage of a previously more active destruc- 
tive process. There are many hints that this condition 
is autoimmune in origin. Adrenal autoantibodies can be 
identified in 60 to 75% of patients, and their absence in 
tuberculous involvement suggests that they are not 
merely secondary phenomena but instead play a causal 
role.’° So-called autoimmune Addison’s disease has 
been described in association with pernicious anemia, 
insulin-dependent diabetes mellitus, chronic mucocu- 
taneous candidiasis, hypoparathyroidism, hypogonad- 
ism, and autoimmune thyroid disorders. This polyglan- 
dular autoimmune syndrome has been broken down 
into two distinctive subsets, both of which occur as 
sporadic and familial diseases.'*! Type I is characterized 
by at least two of the triad of Addison’s disease, hypo- 
parathyroidism and mucocutaneous candidiasis. Other 
autoimmune disorders may or may not be present. The 
other, Type II, also known as Schmidt's syndrome, is 
characterized by Addison’s disease with autoimmune 
thyroid disease and/or insulin-dependent diabetes mel- 
litus, but hypoparathyroidism or candidiasis is not pres- 
ent. This subset is clearly associated with HLA-A1 and 
B8 haplotypes, which is not true of the other subgroup. 
The autoimmune reactions in Type I have been related 
to a defect in T-suppressor cell function. !22 However, in 
the Type II subset, genetic predisposition is postulated. 
In any event, although adrenocortical insufficiency may 
be the sole disorder in a patient, it is more often 
accompanied by some other form of endocrinopathy or 
systemic disease. !?” 


Adrenal Cortex 


MORPHOLOGY. A variety of anatomic changes may be 
present in the cortex, depending on the cause of the cortical 
destruction. When associated with a systemic disease (e.g., 
tuberculosis) or primary cancer elsewhere, specific histologic 
changes are present. With so-called idiopathic atrophy, the 
anatomic changes are less specific. The glands are small 
and irregularly contracted, and may have a combined weight 
of as little as 2 to 3 gm (Fig. 26—41). Indeed, it may be 
difficult to identify such glands in the periadrenal fat. The 
medulla is unaltered, but the cortex appears to have col- 
lapsed about it. There is focal or general absence of cortical 
epithelium, and such intervening cells as are present are 
usually large with an abundant eosinophilic cytoplasm and 
atypical nuclei. A loose fibrous tissue, heavily infiltrated with 
lymphocytes, may occupy the areas between and about the 


Figure 26—41. Cross section of an atrophic adrenal (right). Compare 
with normal adrenal cross section (left). 


4236 


islands of residual epithelial cells, or the cortical cells may 
be merely atrophic with little or no lymphocytic infiltrate. 


THE ENDOCRINE SYSTEM 


CLINICAL Course. Nearly all patients with primary 
chronic adrenocortical insufficiency insidiously and pro- 
gressively develop weakness, fatigability, anorexia, nau- 
sea and vomiting, weight loss, hypotension, and hyper- 
pigmentation of the skin and sometimes of the mucous 
membranes. Less consistently present are diarrhea, 
constipation, salt craving, and ill-defined abdominal pain 
that sometimes becomes sufficiently severe to mimic an 
“acute abdomen. The weakness may become so pro- 
found as to confine the individual to bed and even 
impair speech. Blood pressure may fall below 80/50 and 
induce syncope on sudden standing. The pigmentation 
appears as an accentuated sun tan on both exposed and 
unexposed skin, apparently as a consequence of loss of 
feedback inhibition of pituitary function and increased 
synthesis of both ACTH and melanotropin. Sometimes 
the mucous membranes develop brown-black patches. 
All the laboratory values may be within the normal 
range in mild expressions of Addison’s disease. How- 
ever, as the adrenocortical insufficiency becomes more 
marked, the serum levels of sodium, chloride, bicarbo- 
nate, and glucose fall, as well as the plasma cortisol and 
urinary steroid excretory products such as 17-ketoste- 
roids and 17-hydroxycorticoids. The serum potassium is 
elevated largely because of aldosterone deficiency, con- 
tributing to the salt wasting, lowered circulating blood 
volume, and hypotension. 

When the diagnosis of adrenocortical insufficiency 
has been established, it is necessary to determine 
whether it is primary, related to adrenal dysfunction, 
or secondary, having its origins in the anterior pituitary 
or hypothalamus. The skin pigmentation may be of 
value in the differential diagnosis since it is not seen in 
secondary adrenocortical insufficiency. More direct and 
definitive is measurement of the plasma ACTH level or 
testing of the adrenocortical functional reserve by ACTH 
administration. Although Addison’s disease is readily 
managed by steroids, death may occur when the disease 
is unrecognized because of acute adrenal insufficiency 
superimposed on the chronic condition, hyperkalemic 
cardiac arrhythmias, or a hypoglycemic cerebral crisis. 
Any of these complications may be precipitated by any 
form of stress, including intercurrent illness in an al- 
ready fragile metabolic state. 

Brief mention should be made of an uncommon 
form of selective aldosterone insufficiency, which is 
encountered as a congenital disorder and sometimes 
following removal of an aldosterone-secreting adenoma. 
It usually presents as a hyperkalemic salt-wasting syn- 
drome. 


PRIMARY ACUTE ADRENOCORTICAL 
INSUFFICIENCY 


Acute adrenocortical insufficiency may appear in 
three settings: (1) it can occur as a “crisis” in patients 


with chronic Addison’s disease, precipitated by any form 
of stress such as infection, trauma, surgery, or significant 
hemorrhage, all of which require an immediate increase 
in steroid output from glands incapable of responding; 
(2) it most frequently results from too rapid withdrawal 
of steroids from patients whose adrenal glands have 
been suppressed by chronic steroid administration,or 
from failure to increase the level of administered steroids 
during stress in a bilaterally adrenalectomized patient; 
(3) it can occur in otherwise healthy individuals as the 
result of massive hemorrhagic destruction of the adre- 
nals (adrenal apoplexy). In neonates, extensive adrenal 
hemorrhages may follow prolonged and difficult delivery 
associated with considerable trauma and hypoxia. The 
neonatal adrenal is particularly predisposed since it is 
large for the body size, it has little periadrenal fat, and 
its large medullary venous sinuses are fragile and have 
poorly developed muscular walls. Moreover, newborn 
infants are often deficient in prothrombin for at least 
several days after birth. In adults, the hemorrhagic 
destruction of the adrenals is most often related to a 
bacteremic infection, and in this setting is called the 
Waterhouse-Friderichsen syndrome. 


Waterhouse-Friderichsen Syndrome 


This catastrophic cause of acute adrenocortical 
insufficiency is most often caused by meningococ- 
cemia.'** Sometimes these patients have a preceding 
overt meningitis, but in other instances the first mani- 
festations of the meningococcal infection relate to the 
meningococcemia. Less commonly, the Waterhouse- 
Friderichsen syndrome is seen with bacteremic infec- 
tions due to pneumococci, staphylococci, or Hemophilus 
influenzae. Whatever the causative organism, the dis- 
ease may be literally explosive. Soon after the onset of 
the infectious febrile reaction, systemic hemorrhagic 
manifestations appear. Showers of cutaneous petechiae 
and purpura can be seen in the skin. Presumably at the 
same time there are hemorrhages into the adrenals and 
other internal organs and surfaces. The patient may go 
into circulatory collapse and die within 24 hours. Blood 
cultures invariably disclose the causative organism. It 
can also sometimes be cultured from the hemorrhagic 
skin lesions that may become focally necrotic if the 
patient survives long enough. However, more often the 
skin lesions are related to the development of dissemi- 
nated intravascular coagulation (DIC) and therefore may 
not reveal organisms. 


Anatomically, widespread petechiae, purpura, and hem- 
orrhages are found throughout the body, particularly in the 
skin, mucous membranes and serosal surfaces. The adre- 
nals are likewise hemorrhagic and partially necrotic. In some 
children, the adrenals appear as virtual sacs of clotted blood 
(Fig. 26—42). The bleeding begins in the zona reticularis or 
the medulla and may be confined to these regions. More 
often, it extends throughout the medulla and cortex, at first 
penetrating between the cords of cortical cells toward the 
capsule and eventually engulfing these cells. Classically, 
even in those cases in which the entire adrenal appears to 
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Figure 26—42. Waterhouse-Friderichsen syndrome in a child. The 
dark, hemorrhagic adrenal glands are distended with blood. 


be replaced by blood clot, microscopic examination discloses 
nests and strands of preserved cortical cells. In essence, 
the morphologic changes are those of a bleeding diathesis, 
probably related to the development of DIC. Sometimes the 
endotoxemia causes an acute interstitial myocarditis. 


The cause of the circulatory collapse appears to be 
predominantly the overwhelming bacteremia and tox- 
emia; however, cardiac failure, arrhythmias, and the 
acute adrenocortical insufficiency may play significant 
contributory roles. When this condition is recognized 
promptly (within hours) and appropriately treated with 
massive-idoses of antibiotics and steroids, survival and 
complete recovery are possible. 

Uncommonly, the meningococcemia pursues a 
chronic or recurrent course and produces a vasculitis 
indistinguishable from hypersensitivity leukocytoclastic 
vasculitis (p. 522). 


SECONDARY ADRENOCORTICAL 
INSUFFICIENCY 


Any disorder of the hypophyseal-thalamic axis such 
as metastatic cancer, infection, infarction, or irradiation 
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that reduces the output of ACTH will lead to a syndrome 
of hypoadrenalism having many similarities to Addison’s 
disease. Analogously, prolonged administration of ex- 
ogenous glucocorticoids will suppress the output of 
ACTH to induce a similar syndrome. With secondary 
disease the hyperpigmentation of primary Addison’s 
disease is lacking, since tropic hormones are low. The 
manifestations also differ inasmuch as secondary hy- 
poadrenalism is characterized by deficient cortisol and 
androgen output but normal or near-normal aldosterone 
synthesis. Thus, in adrenal insufficiency secondary to 
pituitary malfunction there is no marked hyponatremia 
and hyperkalemia, although a liberal intake of water 
may induce dilutional lowering of the serum sodium 
level. 

ACTH deficiency may be selective, but in some 
instances it is only one part of panhypopituitarism, 
associated with multiple primary tropic hormone defi- 
ciencies. For example, in Sheehan's anterior pituitary 
necrosis (p. 1198), infarction of the anterior lobe leads 
to depressed function of multiple end-organ targets, 
including not only the adrenals but also the thyroid and 
gonads. The differentiation of secondary disease from 
Addison’s disease can be confirmed with demonstration 
by radioimmunoassay of low levels of plasma ACTH in 
the former. Because of the technical difficulties inherent 
in this assay, a further differential test is the adminis- 
tration of ACTH. In patients with primary disease, the 
destruction of the adrenal cortex does not permit a 
response in the form of increased plasma levels of 
cortisol, whereas in those with secondary hypofunction, 
there is a prompt rise in plasma cortisol levels. 

Depending on the extent of ACTH lack, the adre- 
nals may be moderately-to-markedly reduced in size. 
They may come to have a leaflike appearance and, 
indeed, be difficult to find in the periadrenal fat. The 
cortex may be reduced to a thin ribbon having an 
unusually heavy fibrous capsule and scattered subcap- 


sular cortical cells composed largely of zona glomerulosa. 
The medulla is unaffected. 


Adrenal Cortex 


HYPERFUNCTION OF ADRENAL 
CORTEX (HYPERADRENALISM) 


Just as there are three basic types of corticosteroids 
elaborated by the adrenal cortex—glucocorticoids, min- 
eralocorticoids, and androgens—so there are three dis- 
tinctive hyperadrenal clinical syndromes: (1) Cushing's 
syndrome, characterized by an excess of cortisol; (2) 
aldosteronism, with excess production of aldosterone; 
and (3) congenital adrenal hyperplasia, with an excess 


_ of adrenal androgens. As might be anticipated, however, 


there is sometimes overlap among these conditions. 


CUSHING’S SYNDROME 


Cushing’s syndrome is a distinctive constellation of 
clinical features associated with prolonged overproduc- 
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tion of cortisol. The most characteristic findings are 
summarized in Table 26-8.’ Other changes may also 
be present, including impaired glucose tolerance, overt 
diabetes (in approximately 20%), “moon facies,” “buffalo 
hump, abdominal striae, and (in men) loss of libido, 
impotence, and oligospermia. Some of these abnormal- 
ities, such as the obesity, deranged glucose metabolism, 
and mental disorders (ranging from emotional lability to 
psychoses), are directly attributable to the increase of 
cortisol or other glucocorticoids, but many have more 
complex origins. Excess production of testosterone 
probably contributes to the appearance of the hirsutism 
and acne in women. The testosterone and the cortisol 
inhibition of pituitary release of gonadotropins accounts 
for the menstrual irregularities. The bruisability and 


THE ENDOCRINE SYSTEM 


osteoporosis are poorly understood, but it is speculated: 


that steroid suppression of collagen synthesis deprives 
subcutaneous vessels of their connective tissue support, 
and similar suppression of osteoid matrix formation 
underlies the osteoporosis. It suffices to note that, 
although Cushing's syndrome is characterized by over- 
production of cortisol, other secondary derangements 
contribute to its full expression. 

PATHOGENESIS. The term “Cushing’s syndrome’ 
encompasses four distinct pathogenetic syndromes all 
marked by hypercortisolism. '* 

1. About 60 to 70% of cases can best be identified 
as “pituitary Cushing's syndrome,” which was the first 
type to be described by Harvey Cushing.'*! Perhaps 
because he was a neurosurgeon, most of his patients 
had well-defined pituitary basophilic adenomas, pre- 
sumably composed of corticotropin-secreting cells. On 
this account, Cushing’s syndrome related to an adenoma 
(some would include all forms of the pituitary subgroup) 
is sometimes referred to as Cushing's disease or Cush- 
ing’s basophilism. This practice is regrettable since it is 
unnecessarily confusing. More recently, it has become 
evident that many patients with pituitary Cushing’s 
syndrome do not have a discrete solitary adenoma, but 
instead have multiple corticotroph microadenomas. 
Moreover, a significant minority have no apparent pi- 
tuitary tumor(s), giving rise to the concept of “hypotha- 
lamic Cushing’s syndrome.’ Not rigorously ruled out 
in some of the cases attributed to hypothalamic origins 
are undetected microadenomas. In any event, pituitary 
Cushing's syndrome is characterized by bilateral adre- 
nal hyperplasia and, in most cases, readily measurable 


Table 26-8. CUSHING’S SYNDROME 


Symptoms Percentage 
Truncal obesity 59-100 
Plethoric face 50-100 
Hypertension 50-90 
Hirsutism 28-93 
Muscle weakness 18-96 
Menstrual disorders 40-85 
Acne 26-82 
Bruising 23-62 
Mental disorders 31-70 
Osteoporosis (backache, fractures) 22-70 


elevated plasma levels of ACTH. Sometimes, however, 
the elevations are very modest or indeed undetectable. 
No satisfactory explanation has been offered for the 
failure to find elevated levels of ACTH, but the possi- 
bilities have been raised of abnormal sensitivity of 
adrenal cortical cells to even normal levels of ACTH, or 
loss of the normal circadian rhythm of ACTH secretion 
inducing unremitting stimulation of the adrenals by low 
levels of ACTH.!* Whatever the nature of the pituitary 
dysfunction, the hypercortisolism can be suppressed by 
large doses of administered glucocorticoids such as 
dexamethasone, inducing a fall in levels of serum cortisol 
and its urinary excretory products (e.g., 17-hydroxy- 
corticosteroid). This response serves as a clinical diag- 
nostic test of the pituitary variant of Cushing's syn- 
drome. 

2. About 20 to 25% of cases are best termed 
“adrenal Cushing's syndrome.” The source of the excess 
cortisol is a functioning neoplasm of the adrenal cortex, 
more often an adenoma than a carcinoma. Rarely, there 
is no well-defined neoplasm but only apparently auton- 
omous nodular hyperplasia. The origin of bilateral nod- 
ular hyperplasia is not evident but it is not clearly 
neoplastic in origin. The adrenocortical carcinomas tend 
to produce the most marked hypercortisolism. In those 
instances due to a unilateral neoplasm, the uninvolved 
adrenal cortex and that in the opposite gland undergo 
atrophy because of suppression of ACTH secretion. 
Adrenal Cushing's syndrome is marked by low serum 
levels of ACTH and failure of administered large doses 
of glucocorticoid ta suppress the levels of serum cortisol 
and its urinary excretory products. 

3. About 10 to 15% of cases are “ectopic Cushing's 
syndrome” in which nonendocrine cancers elaborate 
ACTH or some biologically active fragment as a para- 
neoplastic syndrome.'* Most commonly implicated are 
bronchogenic carcinoma (60%), malignant thymoma 
(15%), and pancreatic neoplasms—usually islet cell 
(10%), but a variety of other tumors have also been 
implicated. An elevated plasma level of ACTH is almost 
uniformly present. In passing, sensitive radioimmu- 
noassays have documented that the great majority of 
bronchogenic carcinomas contain ACTH-like material, 
but in most instances it represents a nonbiologically 
active fragment of the large precursor peptide from 
which ACTH is cleaved.'* Very rarely, a visceral cancer 
produces corticotropin-releasing factor or a closely re- 
lated product as the basis for the ectopic Cushing's 
syndrome. As in the pituitary variant, the adrenal 
glands undergo bilateral cortical hyperplasia, but with 
ectopic disease the ACTH secretion cannot be sup- 
pressed by large doses of glucocorticoid, and so there 
is no fall in levels of serum cortisol or its excretory 
products. 

4. Iatrogenic Cushing's syndrome is uncommon 
but may arise from the long-term use of glucocorticoids, 
for example, as an immunosuppressant in transplant 
recipients or those having an autoimmune disorder. 
Prolonged use of ACTH would have similar effect. Little 
need be said about this category save that it is uncom- 


yn, because incipient manifestations are usually rec- 
nized and therapy discontinued. Should a patient 
ceiving long-term steroids die, bilateral cortical atro- 
y may be present related to suppression of ACTH 
cretion. 


MORPHOLOGY. The basic lesions of Cushing’s syn- 
ome are found in the pituitary and adrenal glands. 

In the pituitary, irrespective of the cause of Cushing's 
ndrome, the increased levels of cortisol produce apparent 
edback effects on the nontumorous corticotrophs, referred 

as Crooke’s hyaline degeneration of the basophils. 
frequently, the corticotrophs in adenomas display the same 
ianges.'** The perinuclear or patchy foci of cytoplasm take 
| a basophilic hyalinization that obscures underlying details. 
ectron microscopy indicates that the hyaline is made up 
aggregates of microfilaments in which secretory granules 
e scattered.'*”? The basis for this change is not known. In 
ost cases of the pituitary variant of Cushing’s syndrome, 
lenomas or microadenomas composed of densely granu- 
‘ed or sparsely granulated corticotrophs also are present. 
iese lesions have already been described in the consid- 
ation of the pituitary (p. 1194), and so it suffices to note 
at they are distinctive by virtue of their content of ACTH, 
:monstrable by immunocytochemical methods. There are 
) adequate data on how often the anterior pituitary lacks 
ly evidence of neoplasia (suggesting only a hypothalamic 
'sfunction) in cases that otherwise satisfy the criteria of the 
ituitary” syndrome, but this is rare.'® 

The changes in the adrenals are varied, as may be 
iticipated from the preceding discussion. They may take 
e form of (1) bilateral cortical hyperplasia, which is 
ymetimes nodular in response to ACTH of either pitui- 
ry or ectopic origin (Fig. 26—43); (2) an adrenal cortical 
:oplasm, benign or malignant; (3) nodular hyperplasia 
orphologically indistinguishable from that encoun- 
red in ACTH-driven glands; or (4) adrenocortical atro- 
1y, either iatrogenic in origin or secondary to an 
itonomous cortical neoplasm. The hyperplasia induced 
' ACTH is usually diffuse and bilateral, but sometimes a 


jure 26—43. Irregular, nodular 
enomatous hyperplasia of ad- 
al from a patient with Cush- 
\'s syndrome. 
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nodularity appears. The extent of the hyperplasia is obviously 
a function of the duration and level of the ACTH excess. It 
may be subtle, with an aggregate weight of the glands in 
the range of 10 to 12 gm. It is therefore said that Cushing’s 
syndrome sometimes.:may be associated with “normal ad- 
renal glands.” However, the term “normal” only depicts the 
subtlety of the hyperplasia compatible with excess elabora- 
tion of cortisol. With more marked ACTH production, as is 
encountered in some nonendocrine cancers, the adrenals 
are markedly enlarged, sometimes to a collective weight of 
25 gm. There is almost always an increase in width of the 
cortex. Histologically, the enlargement is caused primarily 
by marked widening of the zona reticularis that occupies the 
inner half of the cortex, accompanied by some widening of 
the zona fasciculata. Most prominent in such glands are 
large, so-called “clear cells” that, under the electron micro- 
scope, exhibit dilation and hyperplasia of the hyperfunction- 
ing smooth endoplasmic reticulum.'’*® The adenomas or 
carcinomas of the adrenal cortex, as the source of the 
cortisol secretion, are not macroscopically distinctive from 
nonfunctioning adrenal neoplasms (to be described) or from 
those encountered in the adrenogenital syndrome. Histolog- 
ically, the adenomas present varying admixtures of “clear” 
and “compact” cells similar to those of the normal zona 
fasciculata, but compact cells usually predominate. Electron 
microscopy indicates a rich endowment of smooth endo- 
plasmic reticulum and mitochondria of variable size and 
shape.'* Similarly, the adrenal cancers in Cushing’s syn- 
drome display the same range in cellular pleomorphism 
encountered in nonfunctioning cancers (p. 1243). Ultrastruc- 
turally, the anaplastic cells possess less smooth endo- 
plasmic reticulum and more mitochondria.'** The atrophic 
adrenal is a small, shrunken organ having a barely visible 
rim of cortex surrounding the medulla. The glands may be 
reduced in size to a collective weight of 3 to 6 gm. Histolog- 
ically, it is evident that the atrophy affects primarily the inner 
two zones of the cortex, sparing to an extent the aldosterone- 
secreting zona glomerulosa, which is nondependent on 
ACTH. The severity of these atrophic changes is, of course, 
a function of the level of suppression of ACTH secretion and 
its duration. 


Adrenal Cortex 


4240 THE ENDOCRINE SYSTEM 


CLINICAL Course. Cushing’s syndrome generally 
appears in middle adult life, and three times more often 
in women than in men. When it occurs in childhood it 
is most often related to an adrenal carcinoma. The 
presenting features mentioned at the outset are more 
or less the same irrespective of the underlying cause of 
the hypercortisolism. However, when related to ectopic 
production of ACTH by a nonadrenal cancer, the short- 
ened clinical course may truncate the full development 
of the complete syndrome. Most commonly observed 
under these circumstances are weakness, muscle wast- 
ing, hypokalemia, hyperglycemia, and (sometimes) hy- 
perpigmentation related to the elaboration of melano- 
tonins. Truncal obesity, hirsutism, bruisability, and 
osteoporosis may not have time to develop. 

It is beyond our scope to go into the diagnosis of 
Cushing’s syndrome and the differential diagnosis of the 
various patterns. It is enough to note that the diagnosis 
rests mainly on the documentation of hypercortisolism, 
and the differential diagnosis on the cortisol-secretory 
response to an administered large dose of corticosteroid 
(dexamethasone), the measurement of the plasma ACTH 
level, and evidence of a pituitary lesion based largely 
on radiography and CT scan. For example, a drop in 
serum cortisol and urinary excretory products points to 
“pituitary Cushing’s syndrome.” Lack of response im- 
plies either an “ectopic” or “adrenal” syndrome. Differ- 
entiation between these two possibilities rests largely 
on the plasma ACTH level. 

Brief mention should be made of Nelson’s syn- 
drome, encountered in patients with pituitary cortico- 
troph adenomas who are bilaterally adrenalectomized 
because the primary pituitary tumor cannot be eradi- 
cated. Under these circumstances, progressive enlarge- 
ment of the pituitary adenoma may follow as the 
feedback inhibition of cortisol is removed, often accom- 
panied by intense pigmentation, presumably related to 
excess production of ACTH and melanotonin. 


PRIMARY (LOW-RENIN) 
HYPERALDOSTERONISM—CONN’S SYNDROME 


In 1955, Conn first described a patient with hyper- 
tension, neuromuscular symptoms, renal potassium 
wasting, and elevated levels of aldosterone, all associ- 
ated with an adrenocortical adenoma. These features 
were all attributable to the “autonomous” hypersecre- 
tion of aldosterone, which promotes sodium retention 
and potassium excretion. The sodium retention leads to 
expansion of extracellular fluid volume and elevation of 
blood pressure, with concomitant suppression of renin 
production. In the absence of circulatory insufficiency, 
physiologic adjustments prevent progressive expansion 
of ECF volume and overt edema. The renal potassium 
wasting induces hypokalemia, hypokalemic alkalosis, 
and muscular weakness, as well as other neuromuscular 
abnormalities and electrocardiographic changes. 

Primary or autonomous hyperaldosteronism must 
be differentiated from secondary hyperaldosteronism. 


The latter is not a disease process, but rather t 
appropriate secretion of aldosterone in response 
increased levels of renin-angiotensin. Overproducti 
of renin by the kidneys occurs mainly with (1) any cau 
of renal ischemia, (2) any edematous state, and (3) 
renin-producing neoplasm. Decreased renal blood fk 
and/or perfusion pressure occurs, for example, in rex 
artery stenosis and malignant nephrosclerosis with 
hyperplastic arteriolosclerosis. Secondary aldosteroni: 
is also encountered in situations with developing ede 
as sodium is retained, e.g., in the nephrotic syndrom 
Rarely, a renin-producing tumor or oral contraceptiv 
induce elevated levels of aldosterone. A special form 
secondary disease is known as Bartter’s syndrome, chi 
acterized by renal juxtaglomerular cell hyperplasia, I 
perreninemia, hyperaldosteronism, hypokalemia, a 
failure to thrive. Inappropriately, blood pressure is oft 
low, raising the issue of blood pressure refractoriness 
the actions of renin-angiotensin.'** Whatever its origii 
secondary aldosteronism is associated with sodium : 
tention and potassium wasting, but notably with hi 
renin output, in contrast to the low renin levels 
primary aldosteronism. 

PATHOGENESIS. There are three distinctive cli 
coanatomic forms of primary aldosteronism.'* The m 
common form in adults is caused by an aldostero1 
producing adenoma, accounting for 50 to 90% of cas 
Very rarely, an adrenal carcinoma induces this patte 
of the condition. Second, particularly common in cl 
dren but sometimes encountered in adults, is idiopat 
hyperaldosteronism, sometimes called congenital hyp 
aldosteronism, when the onset is in childhood owing 
bilateral adrenal hyperplasia. This pattern has also be 
called pseudoprimary aldosteronism. Third and mv 
more rare is a subset called glucocorticoid-suppressi 
hyperaldosteronism.'* Little is known about the adre 
histologic findings in this third pattern, but adre 
hyperplasia was observed in several surgical patien 
Parenthetically, the glucocorticoid suppressibility of t 
form of primary aldosteronism has aroused great exci 
ment among “aldosteronists’ since it suggests the p 
sible mediation of ACTH or some fragment thereof 
the stimulation of aldosterone secretion by the zc 
glomerulosa (p. 1232). 


MORPHOLOGY. Aldosterone-secreting adenomas ; 
usually less than 2 cm in diameter but may be larger. | 
obscure reasons, in most reported series the left adre 
gland is involved in slightly more than 60% of cases. Mac 
scopically, they are not distinctive from nonfunctioning : 
enomas.'** Large tumors may show areas of necrosis é 
hemorrhage or cystic chahge. Cytologically they show 
mixture of cell types, including lipid-laden “clear” ce 
compact cells, and hybrid forms (Fig. 26-44). Elect 
microscopic studies indicate that cells of the adenoma son 
times possess lamellar mitochondrial cristae identical 
those in glomerulosa cells, whereas others interestin 
possess tubulovesicular cristae identical to those in the ce 
of the zona fasciculata. When cells of such adenomas : 
cultured in vitro, they produce, as would be expected of st 
a mixture of cell types, aldosterone and cortisol.’ 


Figure 26—44. Conn’s syndrome with a mixture of cell types within 


adenoma. To left are dark “compact” cells. Below and to right is a 
nest of light “clear” cells, and in upper right are some hybrid forms. 


In cases in which there is no adrenal neoplasm, most 
patients have bilateral hyperplasia of the cortex, sometimes 
nodular. Very rarely, the hyperplasia is unilateral as judged 
by measurement of the aldosterone levels in the venous 
efflux of each gland. Supporting this surprising finding is the 
fact that unilateral adrenalectomy is curative in these cases. 
The cells making up the diffuse and nodular hyperplasia are 
largely lipid-laden, with occasional masses of compact cells 
(Fig. 26-45). The hyperplastic foci may extend into the inner 
cortex in tonguelike fashion. It is of interest that functional 
studies in vitro indicate that the hyperplastic cortical cells, 
as exemplified by those in the macronodules, synthesize not 
only aldosterone but also cortisol. Thus, the micronodular 
and the diffuse adrenal hyperplasia may reflect some un- 
known proliferative stimulus that induces simultaneously 
hyperfunction and hyperplasia of zona glomerulosa cells and 
glucocorticoid-secreting cells. 

The adrenal carcinomas associated with hyperaldoster- 
onism are not morphologically different from nonfunctioning 
neoplasms. '*’ 


CLINICAL Course. Primary aldosteronism is gen- 
erally an insidious disease that can only be diagnosed 
with a high index of suspicion. Moderate hypertension 
(diastolic pressure 100 to 125 mm Hg) is the predomi- 
nant manifestation, sometimes associated with mild 
frontal headaches, chronic fatigue, and weakness, but 
obviously these are quite nonspecific. It must be appre- 
ciated, however, that less than 1% of hypertensives 
have primary aldosteronism. Rarely, there are more 
distinctive neuromuscular findings in the form of pa- 
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ralyses or tetany secondary to hypokalemia. Only the 
laboratory evidence is diagnostic—hypernatremia, hy- 
pokalemia, alkalosis, excessive potassium excretion, low 
plasma-renin activity, and (with adenomas) elevated 
nonsuppressible aldosterone levels.'* 

Even more difficult than establishing the diagnosis 
of primary aldosteronism is determining its cause. The 
identification of an adenoma is both difficult and critical: 
difficult because the lesions are frequently small, and 
critical because the decision must be made about which 
side to operate on. Radioscans and CT scans may suffice, 
but in most instances adrenal vein catheterization (a 
difficult procedure with many limitations) is necessary 
to measure the levels of aldosterone in the venous efflux 
from each gland. When it is equally elevated in the 
effluent of both adrenal veins, bilateral hyperplasia is 
most likely, but rarely it is also unilateral. A number of 
other clinical approaches can be used and have been 
briefly characterized by Ganguly and colleagues.'*? It 
need only be emphasized in closing that recognition of 
an aldosterone-producing adenoma offers the satisfying 
opportunity of curing a form of hypertension. 


ADRENAL VIRILISM AND CONGENITAL 
ADRENAL HYPERPLASIA (CAH) 


Adrenal virilism, most readily recognized in females 
although males may also be affected, can appear at any 
age with an androgen-secreting adenoma or carcinoma. 
More often it arises as a congenital metabolic disorder 
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Figure 26—45. Conn’s syndrome caused by diffuse hyperplasia 
composed of lipid-laden cells. 
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related to some enzymatic defect in the biosynthesis of 
cortical steroids leading to cortisol deficiency. The re- 
sultant increased levels of ACTH stimulate unaffected 
pathways of steroidogenesis, notably those involved in 
the production of adrenal androgens. Depending on the 
specific enzymatic defect and its effects on steroid 
biosynthesis, these inborn errors of metabolism may 
present as “pure” virilization or as a “mixed” syndrome 
characterized by both virilization and some of the fea- 
tures of Cushing’s syndrome (when there is concomitant 
increased production of a glucocorticoid). As might be 
anticipated, the elevated levels of ACTH induce con- 
genital adrenal hyperplasia (Fig. 26-46). 

At least eight distinctive clinical syndromes are 
encompassed under the term “congenital adrenal hy- 
perplasia.” All are characterized by a congenital defi- 
ciency of a specific biosynthetic enzyme. All variants 
are autosomal recessive, and within a particular family 
all members inherit the same enzyme deficiency.’ The 
clinical manifestations of each syndrome are determined 
largely by the functional properties of the steroid inter- 
mediates that build up because of the enzyme lack, and 
by the completeness of the enzyme block and resultant 
cortisol deficiency. Three clinical patterns account for 
95 to 98% of cases of CAH; all are characterized by 
virilism—hence, the term adrenogenital syndromes. 

1. Simple virilizing CAH alone accounts for about 
90% of all cases. It is the consequence of a 21-hydrox- 
ylase. deficiency. From the biosynthetic pathways de- 
picted in Figure 26-40, this enzymatic deficiency im- 
pairs the synthesis of cortisol and shunts steroidogenesis 
into androgen production. There is no lack of aldoster- 
one in this pattern. 

2. A salt-losing form of virilizing CAH is also 
associated with a 21-hydroxylase deficiency, accom- 
panied, however, by deficient production of aldoster- 
one. The basis of the defective synthesis of aldosterone 
is not understood. Infants with this condition have 
hyponatremia, hyperkalemia, dehydration, and vomit- 
ing and are at great risk of dying unless replacement 
steroid, fluid, and electrolyte therapy is instituted at 
birth. 


Figure : 26-46. Aarepbaectlel eundtanie in an infant with massive 
nodular enlargement of adrenals to the point at which they approx- 
imate size of kidneys. 


3. An 11-hydroxylase deficiency is best character- 
ized as the hypertensive form of CAH. There is not only 
excessive secretion of androgens but also impaired con- 
version of 11l-deoxycorticosterone to corticosterone. 
Like aldosterone, 11-deoxycorticosterone is a potent 
mineralocorticoid, causing the hypertension. 

The remaining forms of CAH are all too uncommon 
to merit consideration, but they are not associated with 
virilization. For example, a lack of 17-hydroxylase results 
in diminished secretion of glucocorticoids and sex ste- 
roids, and shunts steroidogenesis into the mineralocor- 
ticoid pathway. As a consequence, hypertension and 
hypokalemia develop, analogous to that in primary 
aldosteronism. The deficiency of androgens in males 
suppresses male differentiation and results in pseudo- 
hermaphroditism. Untreated females have sexual infan- 
tilism. 

The adrenal hyperplasia in CAH may be either 
diffuse or nodular and resembles that found in Cushing's 
syndrome related to excess ACTH secretion. Biochemi- 
cal analysis of the adrenal glands revealing a specific 
enzyme deficiency is the only laboratory method to 
differentiate the various forms of CAH. On clinical 
grounds, differentiation depends on the specific mani- 
festations, serum levels of the various steroids, and the 
urinary levels of their excretory products. When one of 
the virilizing syndromes is diagnosed early in life, the 
daily administration of glucocorticoids to suppress pi- 
tuitary ACTH will stop the virilization, but reconstruc- 
tive surgery may be necessary to correct abnormalities 
in the genitals.’*! 


CORTICAL NEOPLASMS 


It is evident from preceding sections that the 
proliferative lesions of the adrenal cortex range from 
diffuse hyperplasia to nodular hyperplasia to benign and 
malignant tumors, and that all these proliferative proc- 
esses may be associated with steroidogenesis. In addi- 
tion, there are nonfunctional benign and malignant 
tumors of the adrenal cortex, as well as rare neoplasms, 
that synthesize specific steroids. Occasionally, as men- 
tioned, virilization is related to the autonomous elabo- 
ration of androgens by a neoplasm. Even more uncom- 
mon is the adrenal tumor that elaborates either 
estrogens or precursors that are converted into estro- 
genic compounds. It is extremely difficult, if not impos- 
sible, from morphologic examination alone to determine 
whether a neoplasm is functional or not. The only 
reliable criteria are biochemical and hormonal assay of 
fresh tissue. 


Adrenal adenomas are found in about 2% of adult 
autopsies, and most are non-—steroid-producing. For years, 
however, the controversy has persisted as to whether some 
apparently nonfunctional adenomas may produce hyperten- 
sion in the nature of a ‘forme fruste” of Conn’s syndrome.'* 
It is also important to remember that adrenal adenomas may 
be one part of the multiple endocrine neoplasia syndrome 
(p. 988). Usually, adenomas are poorly encapsulated 
masses of yellow-orange adrenccortical tissue ranging from 
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Figure 26—47. A small adrenal adenoma productive of Cushing's 
syndrome. 


1 to 5 cm in diameter. Some nestle within the adrenal cortex, 
others appear to be within the medulla, and still others 
protrude under the capsule (Fig. 26—47). They may achieve 
much larger size and exhibit areas of hemorrhage, cystic 
degeneration, and calcification. The encapsulation may be 
poorly defined and may appear at places to be deficient. 
The non-steroid-producing adenomas differ from their func- 
tioning relatives principally because they are composed of 
lipid-filled cells that reflect their secretory inactivity. The 
cells may show some variation in size and nuclear 
characteristics that, indeed, verges on anaplasia. Thus, 
many lesions fall into an intermediate category and are 
neither clearly benign nor clearly malignant. 

Even more difficult is the differentiation of a true ade- 
noma from a focus of nodular hyperplasia. Adenomas, as 
you recall, are not necessarily well encapsulated and so 
may be easily mistaken for a focus of hyperplasia. In general, 
nodules larger than 1 cm in diameter are likely to be 
adenomas. If nodules are multiple, bilateral, or located in 
the capsule or outside of it, they are more likely to be 
expressions of nodular hyperplasia. 

Cortical carcinomas usually produce steroids (90%) 
and are associated with one of the hyperadrenal syndromes; 
however, some are nonfunctional. They are rare, and most 
are highly malignant. Usually large when discovered, many 
exceed 20 cm in diameter. On cut surface, they are predom- 
inantly yellow but frequently have hemorrhagic, cystic, and 
necrotic areas (Fig. 26—48). Many appear to be more or less 
encapsulated. Histologically, they range from lesions show- 
ing mild degrees of atypia, not dissimilar from that seen in 
some large adenomas, to wildly anaplastic neoplasms com- 
posed of monstrous giant cells (Fig. 26—49). Between these 
extremes are found cancers with moderate degrees of 
anaplasia, some predominantly composed of spindle cells. 
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Figure 26—48. Adrenal carcinoma. Tumor is large, hemorrhagic, 
and necrotic. Very little viable tissue is present. 


Adrenal cancers have a strong tendency to invade the 
adrenal vein, vena cava, and lymphatics. Metastases to 
regional and periaortic nodes are common, as well as distant 
hematogenous spread to the lungs and other viscera. Bone 
metastases are unusual." 


Figure 26—49. Adrenal carcinoma. There is marked anaplasia and 
pleomorphism of neoplastic cells. 
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Adrenal Medulla 


NORMAL 

PATHOLOGY 

Pheochromocytoma 

Neuroblastoma and Ganglioneuroma 
Tumors of Chemoreceptor System 


NORMAL 


The adrenal medulla, like other components of the 
APUD system, is a neurosecretory organ. Embryologi- 
cally, it is derived from cells of the primitive neuroec- 
toderm (neural crest) that differentiate along two lines 
to form chromaffin cells (pheochromocytes) and auto- 
nomic ganglion cells. Neural crest cells are found widely 
dispersed through the body in the organs of Zuckerkandl 
(paired structures lying just anterior to the bifurcation 
of the aorta) and in the sympathetic ganglia of the neck, 
posterior mediastinum, retroperitoneum, and abdomen. 
Occasionally, ectopic rests are incorporated within the 
urinary bladder, gastrointestinal system, and gonads. 
These ectopic islands are usually replaced by lymphatic 
tissue shortly after birth, but may persist and lead to 
extra-adrenal medullary neoplasms. 

The chromaffin cell is characterized by intracyto- 
plasmic granules that appear brown after fixation in 
dichromates (e.g., Zenker’s) as the result of oxidation 
and polymerization of the catecholamines stored in the 
granules. The granules are sharply delineated and elec- 
tron dense. Epinephrine is the major catecholamine, 
but also present is norepinephrine, the ratio of these 
two in the normal state being 9:1. The principal metab- 
olites of these catecholamines are metanephrine, nor- 
metanephrine, vanillylmandelic acid (VMA), and 3- 
methoxy-4-hydroxyphenoglycol. Involved in these con- 
versions are hepatic catechol-O-methyltransferase and 
monamine oxidase. 


PATHOLOGY 


The only significant disorders arising in the medulla 
are neoplasms. As can be surmised from the cell types 
indigenous to the medulla, these are pheochromocyto- 
mas, neuroblastomas, and ganglioneuromas. 


PHEOCHROMOCYTOMA 


This neoplasm is uncommon but of great interest 
because it usually induces hypertension related to the 
production of catecholamines. Most of these neoplasms 
secrete a combination of norepinephrine and epineph- 
rine, predominantly the former. Occasionally a tumor 
elaborates only one or the other, and a rare tumor 
produces only dopamine and is not associated with 
hypertension.’* Although only about 0.1 to 0.2% of 


hypertensives have an underlying pheochromocytoma, 
resection of the neoplasm produces a dramatic cure of 
what is otherwise a potentially lethal disease. The 
tumors occur at any age, with a peak incidence in the 
fourth and fifth decades. 

These neoplasms may arise wherever chromaffin 
cells are found. About 97% are situated within the 
abdomen, 70 to 90% within the adrenals, more often on 
the right than the left. In about 10 to 20% of cases there 
are bilateral neoplasms. The small remainder of intra- 
abdominal tumors, sometimes several tumors, are lo- 
cated along the aorta, often at the bifurcation.’ Infre- 
quently, a solitary neoplasm or multiple neoplasms arise 
in thoracic paravertebral ganglia, in the wall of the 
urinary bladder, or in other sites harboring ectopic 
neural crest rests. Although 5 to 10% of adrenal tumors 
are malignant, 30% of extra-adrenal neoplasms in one 
study were cancerous. '°° 

Approximately 80 to 90% of pheochromocytomas 
occur sporadically, and most often these are solitary 
neoplasms. The remaining 10 to 20% are associated with 
four, possibly more, familial syndromes, some of which 
are characterized by multiple endocrine neoplasms 
(MEN) and other lesions. You recall that the adrenal 
medullary cells belong to the category of endocrine or 
APUD cells. Thus, pheochromocytomas represent en- 
docrine cell tumors (APUDomas), and the associated 
neoplasms in the familial syndromes are sometimes also 
APUDomas. The concurrence of multiple endocrine 
tumors raises the possibility of some widespread stim- 
ulus to neoplasia in this family of cells. In the familial 
syndromes, the pheochromocytomas more often arise 
outside of the adrenals. 

One hereditary pattern is simply familial predis- 
position to pheochromocytomas transmitted as an auto- 
somal dominant trait with incomplete penetrance. The 
tumors tend to arise in childhood and are multiple or 
bilateral in more than half of the cases. A second familial 
syndrome is MEN, Type Ila, also known as Sipple’s 
syndrome (described in more detail on p. 1223). Briefly, 
it constitutes the concurrence of pheochromocytoma, 
medullary carcinoma of the thyroid, and parathyroid 
hyperplasia or adenoma. This condition is thought to be 
transmitted by autosomal dominant inheritance with a 
high degree of penetrance. It is distinguished from the 
simple familial syndrome by a later onset (fourth decade 
of life), a greater tendency to intermittent or paroxysmal 
hypertension, fewer pheochromocytomas outside of the 
adrenals, a strong tendency (60 to 100%) to bilaterality, 
and an increased frequency of malignant pheochromo- 
cytomas. A third familial subgroup, designated MEN, 
Type IIb (or sometimes MEN III) is characterized by 


pheochromocytoma, medullary carcinoma of the thy- 
roid, and mucosal neuromas, but rarely parathyroid 
lesions; there may be an associated marfanoid habitus. 
This subset is also transmitted as an autosomal dominant 
trait, but the two MEN syndromes are distinct within 
families. A fourth familial syndrome is the association 
of pheochromocytoma with von Recklinghausen’s neu- 
rofibromatosis. Conversely, about 1% of patients with 
neurofibromatosis have a pheochromocytoma. A less 
well-defined subset is marked by the association of 
pheochromocytoma with von Hippel-Lindau disease. It 
is evident that the pheochromocytoma is a “social ani- 
mal” that may live a solitary life, but often consorts with 
a number of interesting conditions. 


MORPHOLOGY. It should be noted at the outset that, 
in the MEN syndromes, the adrenal medullary involvement 
may take the form of diffuse or nodular hyperplasia, some- 
times accompanied by one or more discrete neoplasms. 
There is the suggestion, then, that the pheochromocytoma 
may arise through a sequence of diffuse hyperplasia, nodular 
hyperplasia, and, finally, an overt neoplasm. Significantly, 
occasional intramedullary tumors are associated with hyper- 
plasia in the opposite medulla and/or in the extra-adrenal 
chromaffin tissue. 

The average weight of a pheochromocytoma is 100 gm, 
but variations from just over 1 to almost 4000 gm have been 
recorded. The tumors are well demarcated by either con- 
nective tissue or compressed adrenocortical tissue. Fibrous 
trabeculae, richly vascularized, pass into the tumor and 
produce a lobular pattern. In many tumors, remnants of the 
adrenal gland can be seen, stretched over the surface or 
attached at one pole. On section, the cut surface has a pale 
gray or light brown color, and areas of hemorrhage or 
necrosis can be observed, particularly in the larger lesions 
(Fig. 26—50). When a suitable dichromate fixative (Zenker’s 
or Helly’s solution) is used, the tumor turns brown-black 
owing to oxidation of stored catecholamines—hence, the 
term chromaffin. 

The cytologic patterns in pheochromocytomas are quite 
variable.'*” The tumors are composed of mature pheochrom- 
ocytes, which possess an abundant basophilic cytoplasm in 
which secretory granules about 1 micron in size'®® can be 
seen in dichromate-fixed tissue or with the electron micro- 
scope. The functional activity of a neoplasm cannot be 
judged by the abundance of granules since the preservation 
and fixation of the tissue may deplete the stored catechol- 
amines. The cells are arranged in either large trabeculae, 
punctuated by thin-walled sinusoids often lined by the tumor 
cells themselves (Fig. 26-51), or in small alveoli, each 
surrounded by fibrovascular stroma derived from the tumor 
capsule (Fig. 26—52). Various patterns may be found in any 
one tumor. Cellular and nuclear pleomorphism are often 
noted, especially in the alveolar group of lesions, and giant 
and bizarre cells are commonly seen. Mitotic figures usually 
are not present in these lesions, but they can occur in tumors 
that subsequently behave in a benign fashion. Occasionally, 
tumor cells can be found lying in the capillaries or sinusoids. 
This is not indicative of malignancy, as it has been observed 
in tumors that are benign in their behavior. 

Since malignant and benign pheochromocytomas may 
have a similar histologic appearance, the diagnosis of malig- 
nancy cannot be made by histologic examination of the 
tumor alone. The general histologic criteria of malignancy 
when applied to pheochromocytomas only lead to misdi- 
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Figure 26—50. Pheochromocytoma of adrenal. Tumor is well encap- 
sulated and exhibits hemorrhagic dark mottling. 


agnosis. The only absolute criterion upon which a diagnosis 
of malignancy can be made is the presence of distant 
metastases. Overall, about 10% of pheochromocytomas are 
malignant, with higher frequencies in the familial syndromes. 
Metastases occur most frequently in the related lymph 
nodes, liver, lungs, and bones, and survival after diagnosis 
rarely exceeds three years. 

An important part of the evaluation of these neoplasms 
is the demonstration of increased levels of catecholamines 
in fresh tissue samples of the neoplasms. 


CLINICAL Course. The dominant clinical feature in 
patients with pheochromocytoma is hypertension.'® 
About one-third of patients have sustained hypertension 
rendered distinctive by attacks or paroxysms of more 
severe elevation of blood pressure. In another third, 
the hypertension is intermittent; in the remaining third, 
it is sustained without paroxysms. The paroxysms may 
be precipitated by emotional stress, exercise, changes 
in posture, and (to be noted) palpation in the region of 
the tumor. The elevations of pressure are induced by 
the sudden release of catecholamines that may acutely 
precipitate congestive heart failure, pulmonary edema, 
myocardial infarction, ventricular fibrillation, cerebral 
hemorrhage, and even death. The cardiac complications 
are attributable, at least in some instances, to what has 
been called catecholamine cardiomyopathy or catechol- 
amine heart muscle disease. The myocardial changes 
have been attributed to ischemic damage secondary to 
the catecholamine-induced vasomotor constriction of the 
myocardial circulation. Histologically, there are focal 
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Fig. 26-52 
Figure 26-51. Low-power microscopic view of a pheochromocytoma, showing nests of cells resem- 
bling those normally found in the medulla. 


Figure 26—52. High-power detail of a field from Figure 26—51, illustrating cellular detail consisting of 
fairly regular nuclei and abundant granular cytoplasm. The chromaffin pigment is not visible in the 


photograph. 


areas of myocytolysis, occasionally myofiber necrosis 
and interstitial fibrosis, sometimes with mononuclear 
inflammatory infiltrates.!° These cardiac lesions are 
often superimposed upon hypertensive changes and/or 
alterations incident to coronary artery disease, and so, 
not surprisingly, patients may have anginal chest pain. 

The sudden release of catecholamines may provoke 
a number of other symptoms during or following the 
paroxysm, including headache, sweating, anxiety or fear 
of impending death, tremor, fatigue, nausea and vom- 
iting, abdominal pain, and visual disturbances. These 
findings in combination with the hypertension, partic- 
ularly if paroxysmal, point strongly to the appropriate 
diagnosis. Measurement of urinary catecholamines and 
their metabolites, principally metanephrine and VMA, 
are necessary to confirm it. Other diagnostic approaches 
are also available, such as a hypertensive response to 
provocative agents, a hypotensive response to adrener- 
gic blockade, plasma assays of catecholamines, and 
others. Even when excess production of catecholamines 
has been established, the questions arise, is it caused 
by a neoplasm and where is it located? You recall that 
multiple neoplasms may be present or uncommonly 
there may be no neoplasm, only hyperplastic lesions in 
chromaffin tissues. Most tumors are larger than 2 cm 
and can be detected reliably in the CT scan. In some 
instances, however, resort must be made to _ intra- 
abdominal exploration. Finally, it should be recalled 
that, in 10 to 20% of cases, these neoplasms occur in 
familial syndromes and so may be accompanied by a 
variety of other endocrinopathies and systemic disor- 
ders. 


NEUROBLASTOMA AND 
GANGLIONEUROMA 


Neuroblastoma is one of the most common tumors 
of childhood and ranks along with Wilms’ tumor, glioma, 
and leukemia as a principal form of cancer in the young. 
Approximately 80% of these neoplasms are found in 
children under the age of 5, 35% are found in those 
under 2, and only infrequently are they encountered in 
those over the age of 15. There is a striking correlation 
between the age of the patient and the prognosis. 

Although the neuroblastoma may occur sporadic- 
ally, there is evidence that at least some cases have a 
heredofamilial basis. In such cases the neoplasms may 
involve both adrenals or have multiple primary sites of 
origin. Transmission by an autosomal dominant gene 
has been proposed, with reports of several pairs of twins 
being affected and another family in which each of four 
siblings had a neuroblastoma. 


MORPHOLOGY. Arising in neural crest cells, neuroblas- 
tomas are found in a variety of locations. The adrenal 
medulla or cells in the adjacent retroperitoneal tissues on 
the posterior abdominal wall account for 50 to 80% of 
neoplasms in most reported series. The second most com- 
mon location is within the posterior mediastinum, usually in 
paravertebral sites. The remaining neoplasms occur in de- 
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rivatives of the neural crest within the pelvis, in the cervical 
region, in the lower abdominal sympathetic chain, rarely 
within the posterior cranial fossa, or in other locations. A 
closely related tumor in the retina is called a retinoblas- 
toma. 

Macroscopically, the growths are lobular and soft in 
consistency and weigh between 80 and 150 gm. The cut 
surface is red-gray in color, and areas of hemorrhage and 
necrosis may be obvious as the tumor increases in size. 
Calcification is not infrequent, and this can help in radiologic 
localization. 

Histologically, the cells are small and dark like lympho- 
cytes and frequently are arranged in masses without any 
true pattern. In characteristic lesions, rosettes are formed 
where the tumor cells occupy the periphery and young nerve 
fibrils grow into the center of each rosette (Fig. 26—53). 
Careful search of any tumor will almost always reveal this 
type of structure. 

Metastases develop rapidly and widely. In addition to 
local infiltration and lymph node metastases, there is a 
pronounced tendency to spread by the blood to liver, lungs, 
and bones. Profuse bony metastases, particularly to the 
skull and orbit, with exophthalmos is referred to clinically as 
Hutchinson-type neuroblastoma. Widespread dissemina- 
tion throughout the bone marrow is another distinctive pat- 
tern of spread. Many putative cases of Ewing’s tumor of 
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Figure 26—53. Neuroblastoma of adrenal, clearly demonstrating 
numerous rosettes. 
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bone represent metastases from an occult primary neuro- 
blastoma. Massive metastasis to the liver is designated the 
Pepper-type syndrome. 

Differentiation to varying levels is found in most neuro- 
blastomas. The tumor may completely differentiate to a 
ganglioneuroma composed of a fibrous stromal background 
through which ganglion cells are scattered. All intermediate 
levels of differentiation between the pure neuroblastoma and 
the pure ganglioneuroma may be encountered, referred to 
as ganglioneuroblastomas (p. 1406). 


THE ENDOCRINE SYSTEM 


CLINICAL Course. The manifestations of neuroblas- 
tomas are extremely varied and relate to two essential 
features, the rapid growth of the malignant neoplasm 
and its secretory products. Loss of energy and weight, 
pallor, abdominal protrusion, irregular fever, and gen- 
eralized malaise are all probably related to rapid tumor 
growth and resorption of necrotic tumor products. Also, 
more than 90% of neuroblastomas elaborate catechol- 
amines, principally norepinephrine. There is additional 
evidence that some tumors elaborate prostaglandins. '*! 
Thus, assays of catecholamine and prostaglandins me- 
tabolites provide diagnostic screening technics as well 
as supportive diagnostic evidence. Metastases may be 
located in bizarre locations, such as in the orbit or scalp, 
subcutaneously, and elsewhere. Sometimes the appear- 
ance of these metastases precedes the identification of 
the primary neoplasm. Indeed, except for patients in 
whom the neoplasm is present at or before birth, 
metastatic dissemination is already present in approxi- 
mately three-fourths of cases by the time diagnosis is 
made. '® 

The most intriguing features of these neoplasms are 
the well-documented instances of spontaneous regres- 
sion. This occurs mostly in infants (with a median age 
of 3 months) having small primary tumors and possibly 
metastases to soft tissues, but not to bones. This pattern 
is categorized as Stage IV-S (special)'® to differentiate 
it from instances also having bone metastases—Stage 
IV. Conceivably, immunologic influences induce the 
spontaneous regression.'® One study points out that 
with Stage IV disease, but not with Stage IV-S, there 
are high serum ferritin levels and inhibition of T-cell E- 
rosette formation in vitro, indicating possibly impaired 
cell-mediated immunity in these individuals.'* Some- 
times the regression takes the form of disappearance of 
the primary and its metastases. In other instances the 
highly malignant neuroblastoma undergoes differentia- 
tion into a benign ganglioneuroma. In children above 1 
year of age, spontaneous regression is rare. 

When the neoplasm does not regress, the course 
of the disease is modified by the location of the lesion 
and its differentiation. Extra-adrenal neuroblastomas 


have a better outlook than adrenal neoplasms. The 
prognosis is also improved when ganglion cells are 
present in the lesion. Surgery, coupled with radiother- 
apy or chemotherapy, has yielded somewhat improved 
survival rates, but generally few children over the age 
of 1 with metastatic pure neuroblastomas live longer 
than a year.'!® 


TUMORS OF CHEMORECEPTOR 
SYSTEM 


The chemoreceptor system is represented princi- 
pally by the carotid, vagal and, jugulotympanic bodies, 
although similar collections of cells have been demon- 
strated in other sites such as the paranasal or laryngeal 
regions. These collections of cells respond to variations 
in the blood oxygen and carbon dioxide tensions and 
may be concerned with the regulation of respiration. 
Tumors that arise from them are called chemodectomas 
or paragangliomas;'®’ they resemble pheochromocyto- 
mas, described earlier (p. 1244). 

Paragangliomas are rare, occur in both males and 
females, and are found mostly in persons between the 
ages of 30 and 60 years. They most often occur singly 
and sporadically, but may be familial and, in some cases, 
multiple. They can be of great clinical importance, 
because 10 to 50% of these tumors recur following 
resection and overall about 10% metastasize widely to 
cause death. !®’ 

Typically, these tumors range from 1] to 6 cm in 
diameter and are firm and tan-red. Despite encapsula- 
tion, well developed or scant, they are often densely 
adherent to adjacent vessels and difficult to excise. 
Histologically, most are composed of well-differentiated 
epithelioid cells disposed in small clusters (zellballen) 
or cords separated by prominent fibrovascular stroma. 
Distinctive within the cells in most tumors are dark 
neurosecretory granules when stained with silver im- 
pregnations (Grimelius). This feature casts these neo- 
plasms into the category of APUDomas and, indeed, 
some have been shown to elaborate catecholamines. 
Sometimes the epithelioid cells are spindle shaped, 
producing a close resemblance to a glomus tumor. 
Mitoses are usually infrequent, but occasional tumors 
are overtly anaplastic and pleomorphic and contain 
numerous mitoses. Although most are benign, about 
10% of those in the carotid body and as many as 50 to 
60% of paragangliomas arising elsewhere recur following 
resection. The more obviously anaplastic lesions may 
disseminate widely and cause death. '® 


NORMAL 
PATHOLOGY 
Thymic Agenesis and Hypoplasia 
Thymic Hyperplasia 
Tumors 
Thymomas 


NORMAL 


Once an organ buried in obscurity within the 
mediastinum, the thymus has risen to a star role in cell- 
mediated immunity, as detailed in Chapter 5. Here our 
interest centers on the disorders of the gland itself. 

The thymus is embryologically derived from the 
third and, inconstantly, the fourth pair of pharyngeal 
pouches, along with the lower pair of parathyroid glands. 
Not surprisingly, one or two parathyroids occasionally 
become enclosed within the thymic capsule, an aberr- 
ance that may plague the parathyroid surgeon. At birth 
it weighs 10 to 35 gm and continues to grow in size 
until puberty, when it achieves a maximum weight of 
20 to 50 gm. Thereafter it undergoes progressive atrophy 
to little more than 5 to 15 gm in the elderly. This age 
involution is accompanied by replacement of the thymic 
parenchyma by fibrofatty tissue. The rate of thymic 
growth in the child and involution in the adult is 
extremely variable, and so it is difficult to determine 
weight appropriate for age, unless there is a marked 
discrepancy. 

The fully-developed thymus is pyramidal shaped, 
encapsulated, and composed of two fused lobes. Fibrous 
extensions of the capsule divide each lobe into numerous 
lobules. The thymus basically consists of epithelial cells. 
These are admixed with a large number of T lympho- 
cytes having OKT-6 markers of thymocytes, and occa- 
sional B cells and macrophages. Scattered so-called 
“myoid’ cells are also present having many ultrastruc- 
tural and antigenic similarities to skeletal muscle, which 
may bear on the pathogenesis of myasthenia gravis. In 
addition, other cell types are present in scant numbers, 
as pointed out in the discussion of tumors. The epithelial 
cells, which often have long extended reticular processes 
(not readily seen in usual sections), form a loose mesh- 
work within the lobule. Ultrastructural studies of these 
cells reveal unmistakable evidence of their epithelial 
nature, such as desmosomes, cytoplasmic tonofilaments, 
and the many other organelles found in epithelial cells. 
The large spaces between the epithelial cells are filled 
with lymphocytes. The division of each lobule into a 
dark cortex and a lighter medulla is the consequence of 
a greater concentration of lymphocytes in the cortex as 
compared with the medulla. 

Here and there within the medulla, the epithelial 
cells are aggregated into concentric onionskin layers of 
keratinized cells, creating Hassall’s corpuscles (Fig. 26— 
54) Two special histologic features should be empha- 
sized. Well-developed B-cell lymphoid follicles with 
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Thymus 


germinal centers are on the whole rare in the normal 
thymus. When numerous and prominent, they must be 
construed as pathologic and, as will be seen, are asso- 
ciated with a number of extrathymic disorders, notably 
myasthenia gravis. Similarly, plasma cells are usually 
absent in the normal thymus and, when present, imply 
some inflammatory change. 

There is no longer doubt that the thymus in its role 
as a central lymphoid organ in cell-mediated immunity 
is a secretory organ. Several factors have been de- 
scribed, each by an independent group of investigators, 
and variously named thymic humoral factor, thymosin, 
thymin, and thymopoietin. Whether these are truly 
distinctive is presently unclear, but without doubt one 
or more is necessary to maintain immunologic compe- 
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Figure 26—54. Hassall’s corpuscles within normal thymus. 
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tence of peripheral T cells. Also, the thymus plays some 
role in the maintenance of tolerance and immune sur- 
veillance. 


THE ENDOCRINE SYSTEM 


PATHOLOGY 


Morphologic lesions in the thymus are associated 
with a diversity of conditions ranging from immunologic 
to hematologic to neoplastic. Fortunately, thymic lesions 
are limited in type and can be adequately encompassed 
within the following categories: (1) thymic agenesis and 
hypoplasia, (2) thymic hyperplasia, and (3) thymic neo- 
plasia. The thymic changes associated with myasthenia 
gravis are dealt with on page 1310. 


THYMIC AGENESIS AND HYPOPLASIA 


Despite the difficulty in estimating thymic size 
normal for age, there can be no doubt that under certain 
clinical circumstances the thymus is abnormally small, 
either as a congenital defect or an acquired disorder. 
Congenital thymic agenesis or hypoplasia is encountered 
in neonates and infants having one of the following 
immunodeficiency states—reticular dysgenesis, com- 
bined immunodeficiency disease, ataxia telangiectasia, 
or the DiGeorge or Nezelof syndromes. In the Di- 
George syndrome there is concomitant agenesis of the 
parathyroid glands. The thymus in these conditions may 
be completely absent and represented by a fibrous pad, 
or sometimes is composed of scattered lymphocytes 
embedded within fibrous tissue. All these immunode- 
ficiencies are marked by severe T-cell and variable B- 
cell defects. 

Acquired hypoplasia is a normal consequence of 
aging but it may appear suddenly in the young as a 
result of severe stress, malnutrition, or irradiation or 
following the use of cytotoxic drugs or glucocorticoids. 
The histologic changes depend on the time elapsed 
since the insult. Early there are focal areas of cytolysis 
that may later be replaced by fibrosis. Undoubtedly, 
previous episodes of cytolysis are masked by subsequent 
regeneration, but some foci of fibrosis may persist. 


THYMIC HYPERPLASIA 


Thymic hyperplasia is exceedingly difficult to eval- 
uate by the weight of the gland, because of the wide 
range of normal variation at every age level. The most 
reliable criterion of hyperplasia is the appearance of 
lymphoid follicles within the thymus, creating what is 
referred to as thymic follicular hyperplasia. Although 
true hyperplasia has been said to develop in the absence 
of follicle formation, the onus is on those who make 
such a diagnosis. 


In follicular hyperplasia, the gland may be normal in 
weight but is more often slightly enlarged. Germinal centers 


are located principally in the medulla, resulting in compres- 
sion and atrophy of the cortex. The lymphoid follicles are 
not different from those encountered in lymph nodes and 
contain both dendritic reticular cells and, not surprisingly, B 
lymphocytes.'® Immunofluorescence generally discloses 
large amounts of immunoglobulins within the germinal cen- 
ters. 


Although follicular hyperplasia may occur in chronic 
inflammatory and immunologic states, it is most fre- 
quently encountered in myasthenia gravis. In this con- 
dition, autoantibodies to acetylcholine receptors at neu- 
romuscular junctions impair transmission of motor 
impulses, and it is thought that in some cases thymic 
hyperplasia with the formation of activated lymphoid 
follicles of B cells participates in the formation of the 
autoantibodies. More is said on this subject on page 
1311. Follicular thymic hyperplasia is not exclusive to 
myasthenia gravis, and is also found in Graves’ disease, 
Addison's disease, systemic lupus erythematosus, scle- 
roderma, and rheumatoid arthritis, all having autoim- 
mune origins, and in a variety of liver diseases less 
clearly immunologic in origin. The relationship between 
the thymic changes and these disorders is unclear. 
Uncommonly, germinal centers are found in the thymic 
glands of patients who have died of apparently unrelated 
disease. 


TUMORS 


In the past, there has been a practice of referring 
to all tumors primary in the thymus as thymomas. As 
pointed out, the basic cell type in the thymus is the 
epithelial cell; the rich component of lymphocytes is 
viewed as a migratory population coming and going. 
Thus, the term thymoma is now restricted to neoplasms 
of thymic epithelial cells, regardless of the abundance 
or scarcity of the lymphoid component. Both non- 
Hodgkin’s lymphomas and Hodgkin’s disease may also 
arise in the thymus. The latter was once called a 
granulomatous thymoma, but now is recognized as 
Hodgkin's disease arising in the thymus. Similarly, there 
are many other cell types scattered through the thymus, 
e.g., argentaffin cells, fibroblasts, myoid cells, vascular 
elements, and sometimes sequestered rests of germ 
cells. A tumor composed of argentaffin cells is thus 
termed a thymic carcinoid or argentaffinoma. Germ cell 
tumors such as teratoma, choriocarcinoma, or germi- 
noma may also be located within the thymus. Despite 
the diversity of neoplasms that may arise in the thymus, 
only those having a component of thymic epithelial cells 
are called thymomas. 


THYMOMAS 


True thymomas are rare but nonetheless are one 
of the most common mediastinal neoplasms, particularly 
those in the anterosuperior mediastinum. They are 
intriguing tumors because of poorly understood but 


well-defined associations with a number of systemic 
disorders, notably myasthenia gravis, hematologic cy- 
topenias, hypogammaglobulinemia, various collagen- 
vascular diseases, and nonthymic cancers, to mention 
only the more frequent. Most thymomas (about 90%) 
are benign and are composed of epithelial cells having 
a rich or scant lymphocytic infiltration. The lymphocytes 
are not neoplastic and possess markers of normal thy- 
mocytes (OKT-6 antigens); some observations suggest 
that the more of these that are present, the more likely 
it is that the tumor will follow a benign course.” About 
10% of thymomas are malignant. Most of these cancers 
have little or no cytologic atypia, and so the determi- 
nation of malignancy rests entirely on demonstration of 
invasion beyond the capsule or, more certainly, on the 
presence of lymphatic or hematogenous spread, admit- 
tedly uncommon.!® Rarities are cytologically malignant 
tumors segregated from malignant thymomas by being 
called thymic carcinomas. These display a variety of 
epithelial differentiations. It is thus possible to divide 
all primary thymic neoplasms as shown in Table 26-9. 

Thymic carcinomas, like all cancers, have the po- 
tential of aggressive local spread and metastasis. They 
have been well reviewed recently and will not be further 
discussed because of their great rarity.'7! The following 
comments, therefore, are largely directed to benign 
thymomas and the features that suggest aggressive be- 
havior. 


MORPHOLOGY. Whatever their histology, all thymomas 
are gray, yellow, or tan, lobulated, apparently encapsulated 
masses ranging in size from 1 to 20 cm in greatest diameter. 
They vary from soft to firm and frequently have focal areas 
of hemorrhage. Cysts are often present in the larger lesions, 
sometimes many centimeters in diameter. As pointed out, 
most are encapsulated, but uncommonly there is invasion 
beyond the capsule and, even more uncommonly, extension 
to regional lymph nodes and more widely to tungs, liver, 
bone, or other sites. 

The parenchymatous epithelial component of benign 
thymomas displays a range of patterns. In most neoplasms 
the epithelial cells resemble those of the normal cortex, 
having poorly defined cytoplasmic outlines and visible mostly 
as large, pale, vesicular nuclei. Their epithelial nature can 
be documented by the identification of desmosomes and 
tonofilaments with the electron microscope. The next most 
frequent variant has oval- to spindle-shaped epithelial cells. 
Uncommonly, the cells assume a sarcomatoid appearance, 


Table 26-9. CLASSIFICATION OF THYMOMAS 


| Benign thymoma (with abundant or scant lymphocytic 
infiltration) 


ll Malignant thymoma (with little or no cytologic atypia) 
a. Locally invasive (majority) 
b. With dissemination (rare) 


lll Thymic carcinoma (with overt cytologic atypia) 
. Mixed undifferentiated—squamous cell 

. Basaloid 

. Mucoepidermoid 

Clear cell 

Sarcomatoid 

Others 
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readily mistaken for some form of mesenchymal neoplasm. 
The term “spindle-cell thymoma” is sometimes applied to 
this morphologic pattern; it tends to be associated with 
hypogammaglobulinemia and red cell aplasia but not with 
myasthenia gravis.’ Other epithelial patterns include retic- 
ular and squamoid differentiation. In the latter, there may be 
formation of Hassall’s corpuscles, but they are not frequent. 

All epithelial variants have a rich or scant lympho- 
cytic infiltrate of T cells (Figs. 26-55 and 26-56). The 
lymphocytes appear to be activated and are therefore larger 
than T cells in the peripheral circulation, have vesicular large 
nuclei, prominent nucleoli, and sometimes pyroninophilic 
cytoplasm, meriting the designation “immunoblasts.” The 
abundance of mitotic figures in these cells suggests some 
form of mitogenic stimulus. Neoplasms having a great many 
lymphocytes are readily mistaken histologically for non- 
Hodgkin’s lymphoma. Careful scrutiny, however, will disclose 
epithelial cells or, in a few cases, Hassall’s corpuscles 
indicative of a thymomatous origin. 

As noted, malignant thymomas, as distinct from benign 
thymomas and thymic carcinomas, can be differentiated only 
by penetration and extension beyond the fibrous capsule or 
more distant spread. 


Thymus 


CLINICAL COURSE. The mean age of patients with 
thymomas is 50 years; in children they are rare but 
have a poor prognosis. Males and females are affected 
equally often, as are whites and blacks.'” The clinical 
presentation is extremely varied, but can be categorized 
into three basic patterns: (1) neoplasms that are entirely 
asymptomatic and are discovered incidentally on chest 


Figure 26—55. Low-power view of a predominantly lymphocytic 
thymoma. - 
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Figure 26-56. Microscopic detail of a predominantly epithelial 
thymoma. 


radiography or at autopsy; (2) neoplasms that cause local 
pressure effects such as cough, dyspnea, difficulty in 
swallowing, or signs of vena caval compression; and (3) 
neoplasms associated with systemic disorders. There is 
no consensus in the literature on the frequency of each 
of these three presentations, but the following ranges 
can be offered. About 10 to 50% of patients are asymp- 
tomatic, 10 to 30% have local signs and symptoms, and 
30 to 40% have an associated disease. The broad range 
of associated systemic diseases reported raises the ques- 
tions how many are coincidental and how many are 
causally related to the thymic, lesion? Only the major 
associations are presented in Table 26—10.'% 

Most of these associated systemic diseases are prob- 
ably of autoimmune origin. Intriguing speculations can 
be made as to why thymic tumors should predispose to 


Table 26-10. THYMOMAS AND ASSOCIATED DISEASES 


% of Patients 


with 
Disease Thymoma 

Myasthenia gravis 44 
Cytopenias (pure red cell aplasia, 21 

thrombocytopenia, neutropenia, 

pancytopenia) 
Cancer (nonthymic) 17 
Hypogammaglobulinemia 6 
Polymyositis 5 
Systemic lupus erythematosus 2 
Others: thyroiditis, rheumatoid arthritis, Rare 


chronic ulcerative colitis, regional enteritis, 
dermatomyositis, scleroderma, pernicious 
anemia, various endocrine disorders, etc. 


such conditions. Tumorous destruction of the thymus 
might lead to a loss of some T-cell function responsible 
for immunologic surveillance or maintenance of self- 
tolerance. Loss of surveillance could also explain the 
increased incidence of cancer in these individuals. In 
many instances, however, all normal thymic tissue is 
not destroyed by the neoplasm. More attractive is the 
notion of the development, in either the tumors or the 
nontumorous thymic tissue, of self-reactive or “forbid- 
den” clones. Indeed, thymic follicular hyperplasia is 
sometimes present in the residual thymic tissue, calling 
into question the role of the neoplasm. Much is uncer- 
tain, underscored by the frequent lack of improvement 
in the associated disorder following removal of the 
neoplasm. 

The prognosis in patients with thymic neoplasms is 
directly related to the aggressiveness of the lesion and 
to the presence and nature of an associated systemic 
disease. The following generalizations can be made. 
Benign thymomas are slow-growing neoplasms. When 
well encapsulated and noninvasive, they can be com- 
pletely excised and cured, but recurrence (still benign) 
rarely follows. In the small minority of malignant thy- 
momas or thymic carcinomas with spread to the pleura 
or elsewhere, despite surgical resection and postopera- 
tive irradiation, over half may be expected to die of 
their neoplasm within five to ten years. A concomitant 
systemic disease has a strong adverse effect; about two- 
thirds of such individuals followed for three to five years 
died, most often of an uncontrolled infection, sometimes 
of another complication related to the associated dis- 
ease.'” 


NORMAL 
PATHOLOGY 
Pinealomas 


NORMAL 


The rarity of clinically significant lesions (only tu- 
mors) justifies considerable brevity in the consideration 
of the pineal gland. It is a minute, pinecone-shaped 
organ—hence its name—weighing 100 to 180 mg, lying 
between the superior colliculi at the base of the brain. 
It is composed of a loose, neuroglial stroma enclosing 
nests of large, epithelial-appearing pineocytes. Silver 
impregnations reveal that these cells have long, slender 
processes reminiscent of primitive neuronal precursors. 
Although a large number of neurotransmitter substances 
such as dopamine, octopamine, serotonin, and others 
can be extracted from the pineal, the only abundant 
biologically active substance secreted by it is melatonin. 
The functions of melatonin in humans are poorly under- 
stood, but it can be found in the blood, cerebrospinal 
fluid, and urine. The levels of this hormone have a 
diurnal rhythm significantly higher during the night 
than in the day. Administration of melatonin to humans 
induces sleepiness, and so this secretory product may 
play some role in maintaining the awake-asleep rhythm. 
Despite anecdotal observations to the contrary, large 
pathology texts do not stimulate melatonin secretion! In 
addition, melatonin is believed to suppress, at least in 
animals, the release of gonadotropic hormones, and so 
it may be more than coincidental that pineal tumors 
that destroy the gland cause precocious puberty almost 
exclusively in males. However, injury to the immedi- 
ately adjacent hypothalamus may simultaneously destroy 
structures normally involved in pubertal development. 

Calcification of the pineal occurs with age. It often 
first becomes visible at the time of puberty, but calci- 
fication has also been seen in infants. There appears to 
be no correlation between the level of calcification and 
pineal function. !” 


PATHOLOGY 


The only lesions of importance in this gland are 
tumors, accounting for less than 1% of brain neoplasms. 
Most (50 to 70%) arise from embryonic germ cells 
sequestered in the midline pineal. As with testicular 
tumors arising in germ cells, they most commonly take 
the form of so-called germinomas replicating the testic- 
ular seminoma (p. 1092). Other lines of germ-cell dif- 
ferentiation include embryonal carcinomas; choriocar- 
cinomas; mixtures of germinoma, embryonal carcinoma 
and choriocarcinoma; and, uncommonly, typical terato- 
mas (usually benign).‘””7 Whether to characterize these 
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germ-cell neoplasms as pinealomas is still a subject of 
debate. Thought today favors the restriction of the term 
to neoplasms arising from the parenchymal and stromal 
elements of the pineal gland itself. 


PINEALOMAS 


These neoplasms are divided into two categories, 
pineoblastomas and pineocytomas, based on their level 
of differentiation, which in turn correlates with their 
neoplastic aggressiveness. 

Pineoblastomas are encountered mostly in young 
people and appear as soft, friable, gray masses punc- 
tuated with areas of hemorrhage and necrosis. They 
typically invade surrounding structures, i.e., hypothal- 
amus, midbrain, and lumen of the third ventricle. 
Histologically, they are composed of masses of pleo- 
morphic cells two to four times the diameter of an 
erythrocyte. Large hyperchromatic nuclei appear to 
occupy almost the entire cell, and mitoses are frequent. 
The cytology is that of the medulloblastoma-neuroblas- 
toma (p. 1406) of the brain. Large, poorly formed 
rosettes are sometimes present in the pineoblastoma, 
reminiscent of these “first cousins” in the brain. A 
further similarity is the tendency of pineoblastomas to 
spread via the cerebrospinal fluid. As might be expected 
the enlarging mass may compress the aqueduct of 
Sylvius, giving rise to internal hydrocephalus and all its 
consequences. Survival beyond one to two years is rare. 

In contrast, pineocytomas occur mostly in adults 
and are much slower growing than the pineoblastomas. 
They tend to be well-circumscribed, gray, or hemor- 
rhagic masses that compress but do not infiltrate sur- 
rounding structures. Histologically, these neoplasms ex- 
hibit divergent glial and neuronal differentiation. On 
the one hand, the neoplasm may be largely astrocyto- 
matous (p. 1401). On the other hand, it may be com- 
posed largely of neuronal precursor cells, which are 
uniform round cells having darkly staining, round-to- 
oval, fairly regular nuclei. Particularly distinctive of the 
pineocytoma is the creation of large rosettes rimmed by 
rows of pineocytes. The centers of these rosettes are 
filled with eosinophilic cytoplasmic material represent- 
ing tumor-cell processes. These cells are set against a 
background of thin, fibrovascular, anastomosing septa 
that divide the tumor into lobular masses. Occasional 
mitotic figures and giant cells are present.!” 

In addition to the monomorphic pineocytomas com- 
posed largely of one line of differentiation, there are 
many instances in which mixed patterns are encoun- 
tered, in part astrocytic, in part pineocytomatous some- 
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times having neuronal-type cells. Such neoplasms are 
highly reminiscent of the ganglioglioma (p. 1406). 


The clinical course of patients with pineocytomas 


is prolonged, averaging seven years. The manifestations 
are the consequence of its compressive effects and 
consist of visual disturbances, headache, mental dete- 
rioration, and sometimes dementia-like behavior. Lo- 
cated where they are, it is understandable that success- 
ful excision is at best very difficult. 
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NORMAL 
PATHOLOGY 
Benign Epidermal Tumors 
Seborrheic keratosis 
Fibroepithelial polyp 
Epidermal cyst (wen) 
Keratoacanthoma 
Adnexal (appendage) tumors 
Premalignant and Malignant Epidermal Tumors 
Actinic keratosis (solar keratosis) 
Basal cell carcinoma 
Squamous cell carcinoma 
Tumors of Dermis 
Fibrous histiocytoma 
Dermatofibrosarcoma protuberans 


Mycosis fungoides 
Histiocytosis X 
Metastatic carcinoma 
Common Disorders of Pigmentation 
Freckles 
Melasma 
Vitiligo 
Acanthosis nigricans 
Melanocyftic Proliferative Lesions 
Lentigo 
Nevocellular nevus (pigmented nevus, 
mole) 
Malignant melanoma 
inflammatory Dermatoses of Probable 
Hypersensitivity Orgin 


Other Inflammatory Dermatoses Not Usually 
Associated with Systemic Disease 


Acne vulgaris 

Rosacea 

Lichen planus 

Lichen sclerosus et atrophicus 

Pityriasis rosea 

Pityriasis lichenoides et varioliformis acuta 
Psoriasis 

Parapsoriasis 


Blistering (Bullous) Diseases 


Pemphigus 

Bullous pemphigoid 
Dermatitis herpetiformis 
Porphyria 


Hemangioma 
Nevus flammeus 
Kaposi's sarcoma 


Urticaria 


Xanthomas Cutaneous necrotizing vasculitis 
Mastocytosis (including urticaria Cutaneous lupus erythematosus 
pigmentosa) Graft-versus-host disease 


Other Tumors Panniculitis 


NORMAL 


To the casual observer, the skin is a passive, 
somewhat dull body covering. It does not do anything 
as vivid as pumping blood or thinking, running, or 
jumping. Yet one needs only to think of a seriously 
burned patient to realize the problems generated by 
lack of skin. 

The skin is an organ of sharp contrasts. It is our 
most visible and accessible organ, and yet perhaps the 
most overlooked clinically. Skin is passive and relatively 
immobile, but it is composed of numerous highly spe- 
cialized cells actively engaged in protective functions 
and reception of at times eloquent tactile messages. 
Celebrated for its softness, flexibility, and elastic quali- 
ties, the skin is surprisingly resistant to blunt trauma, 
corrosive liquids and the effects of light and other 
irradiation. On continuous rubbing, the skin hardens 
and is even capable of forming horns! 

Perhaps the most important function of the skin is 
protection. As our major interface with the environ- 
ment, the skin produces a scaling surface impermeable 
to many substances. Pigment produced by specialized 
cells in the skin filter out harmful rays of ultraviolet 
light from the sun. An elaborate network of immuno- 
competent cells in the skin constantly monitors for 
antigens potentially harmful to us. 
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Eczematous dermatitis 


Erythema multiforme 


Infection and Infestation 
Verrucae (warts) 
Molluscum contagiosum 
Impetigo 
Fungal infections of skin 
Superficial fungal infections 
Arthropod bites and stings 


Temperature regulation and metabolic functions 
such as irradiation of vitamin D precursors, excretion of 
urea, and storage of carbohydrate and fat occur in the 
skin. As a visual expression of individual phenotype, the 
skin historically has figured in social interactions. How- 
ever, despite the differences in pigmentation among the 
races, the skin from all peoples is remarkably similar 
histologically and reacts to a variety of stimulants in an 
identical manner. As our most accessible organ for 
study, the skin represents a window into mechanisms 
of many basic biologic processes. 

Embryologically, ectoderm, neuroectoderm, and 
mesoderm all contribute to the varied components of 
skin. The ectoderm gives rise to epidermis, hair and 
sebaceous glands (pilosebaceous units), sweat glands 
(eccrine units), and nails. Neuroectodermal derivatives 
include melanocytes, nerves, and special neurorecep- 
tors. From the mesenchyme arise collagen, reticulin 
and elastic fibers, blood vessels, muscle, and fat. 

The basic structure of the skin consists of epidermis 
and a basement membrane zone overlying dermis and 
subcutaneous fat. Appendageal structures including 
pilosebaceous units and eccrine and apocrine glands are 
located in the dermis, but maintain connections with 
the epidermis from which they arise during embryonic 
life. 

The major components of epidermis include kera- 
tinocytes, melanocytes, and Langerhans cells. Nerve 
processes extend from the dermis a short distance into 
the epidermis where they associate with the infre- 
quently encountered Merkel cell, a slowly adapting 
cutaneous mechanoreceptor. Blood and lymphatic chan- 
nels are absent. The epidermis normally may contain 
immigrant lymphocytes and histiocytes in low numbers, 
which along with similar cells in the dermis and epider- 


4257 


4258 THE SKIN 


mal Langerhans cells constitute the immunologically 
important skin-associated lymphoid tissue (SALT).' 

Keratinocytes are classified by their location and 
degree of differentiation. Nucleated keratinocytes make 
up the malpighian layer and include basal, spinous, and 
granular cells. Cornified cells are anucleate and are 
superficial to the malpighian layer. 

Basal or germinative cells (stratum basale) are lo- 
cated closest to the dermis, and consist of a monolayer 
of ribosome- and organelle-rich basophilic cuboidal cells. 
Basal keratinocytes contain melanin, which is synthe- 
sized in nearby melanocytes. Spinous cells (stratum 
spinosum) are located above the basal cells, and have 
more abundant and more eosinophilic cytoplasm than 
basal cells because of their higher keratin content. 
Spinous cells are named for their intercellular connec- 
tions, which resemble spines. These spinous processes, 
as seen by electron microscopy, contain desmosomes at 
sites of cell-to-cell contact (Fig. 27-1). The cytoplasm of 
spinous cells contains numerous tonofilaments. Granu- 
lar cells (stratum granulosum), flattened cells located 
above the spinous layer, contain numerous cytoplasmic 
keratohyaline granules that appear basophilic in H and 
E-stained tissue. These granules are osmiophilic and 
are without apparent internal structure as viewed by 
electron microscopy. Also visualized ultrastructurally 
are cytoplasmic structures called keratinosomes, which 
are apparently discharged into the intercellular space 
where they probably contribute to the relatively im- 
permeable barrier of the stratum corneum. Cornified 
cells (stratum corneum), are located most superficially 
and consist of very flat, anucleate, orange, eosinophilic 
cells, each cornified cell covering approximately 25 basal 
cells. The transition from granular to cornified cells is 


of epidermal cells. A, Desmosomes are present at sites of cell-to- 
cell contact between keratinocytes. B, Melanosomes, at various 
stages of melanization, are produced in melanocytes. C, Birbeck 
granules, resembling tennis racquets, are found in Langerhans cells. 
D, Dense-core granules are characteristic of the rarely encountered 
Merkel cell. 


abrupt. Ultrastructurally, anucleate cornified cell cyto- 
plasm is diffusely filamentous and lacks organelles except 
for melanosomes. The stratum corneum seems to play 
an important role in the conservation of moisture and is 
thickened in areas subject to a lot of friction, such as 
the palms and soles. 

In summary, the following events occur during 
differentiation of keratinocytes: (1) ribosomes and other 
cellular organelles decrease; (2) tonofilament content 
and number of desmosomes increase; (3) shape of cells 
changes from cuboidal to polygonal to very flattened 
cells; and (4) nucleus disappears. These changes corre- 
late with progressive synthesis of keratin protein, which 
constitutes the protective superficial layer of the skin. 

As the upper layers of the epidermis are shed, the 
lower layers regenerate. Normal turnover time for the 
epidermis has been estimated to be 28 days. It seems 
likely that, at any given time, only certain groups of 
basal cells are in a proliferative phase, while others are 
in a resting phase.” Mitoses are normally present no 
higher than one cell above the basal layer. 

Melanocytes are usually located in the basal layer 
of the epidermis where they appear as cells with clear 
cytoplasm and small dark nuclei pushed to one side of 
the cell. They also may be found in the hair bulb, uveal 
tract, retina, inner ear, and leptomeninges, and rarely 
in the ovary, adrenal medulla, bladder, and substantia 
nigra of the brain. Melanocytes are dendritic cells 
derived from the neural crest that are capable of pro- 
duction of melanin pigment. Unless filled with melanin, 
dendritic processes are not apparent on routinely pre- 
pared sections. Melanin (derived from the Greek word 
melas, meaning black) is an endogenous, non—hemoglo- 
bin-derived, brown-black pigment formed when the 
enzyme tyrosinase catalyzes the oxidation of tyrosine to 
dihydroxyphenylalanine (DOPA) in melanocytes. Ultra- 
structurally, melanocytes contain organelles called mel- 
anosomes, which consist of membrane-bound round or 
ellipsoidal structures having internal concentric lamellae 
of constant periodicity (10 nm) (Fig. 27-1). It is in these 
melanosomes that tyrosinase-dependent melanization 
occurs, causing these structures to become darker and 
electron dense by electron microscopy. The process of 
melanin formation is governed by numerous factors, 
including genetic, metabolic, and hormonal influences. 
Hyperpigmentation, for example, may result from ex- 
cessive production of substances producing effects akin 
to melanocyte-stimulating hormone (MSH), such as 
melatonins and ACTH in primary adrenocortical insuf- 
ficiency (Addison’s disease, p. 1235). Hypopigmenta- 
tion, on the other hand, may be the result of contact 
with substances that interfere with melanin synthesis, 
such as hydroquinones. 

Each melanocyte supplies numerous basal and spi- 
nous cells with mélanin. Transfer of melanin occurs as 
keratinocytes engulf melanin-filled tips of melanocytic 
dendrites. If one observes a sheet of epidermis en face, 
melanocytes visualized histochemically are arranged in 
an orderly, evenly spaced fashion (Fig. 27-2), to ensure 
effective transfer and distribution of melanin pigment 
to nearby keratinocytes. It is this melanocyte-keratino- 


Figure 27-2. Melanocytes visualized histochemically by DOPA 
technique and viewed en face in an isolated sheet of epidermis are 
numerous and evenly distributed among keratinocytes, to which 
they donate melanin pigment. 


cyte interaction that provides an internal protective 
screen against the deleterious effects of ultraviolet ra- 
diation. The density of melanocytes is greatest in genital 
and intertriginous areas, intermediate on the face, and 
lowest on the trunk. 

Langerhans cells cannot be reliably detected on 
routine sections. Like melanocytes, Langerhans cells 
are also dendritic, but they stain with gold chloride, 
and ultrastructurally they contain distinctive cytoplasmic 
organelles (Birbeck granules) whose configuration has 
been likened to that of tennis racquets (Fig. 27-1). 
These cells belong to the mononuclear phagocyte system 
and have many immunologic surface markers character- 
istic of monocytes and macrophages (Table 15-3, p. 
666). Interestingly, Langerhans cells have also been 
shown to have a thymocyte differentiation antigen (T6) 


Figure 27-3. Skin-associated lymphoid tissue consists of antigen- 
presenting dendritic cells, or Langerhans cells and T lymphocytes. 
Antigens (*) theoretically (A) present on certain tumor cells or (B) 
present in the external environment may be taken up by Langerhans 
cells and presented to T cells locally or in regional lymph nodes 
after entrance into dermal lymphatics (arrows). Sensitized T cells 
may then produce an antigen-directed local tissue reaction. 
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on their surface.* Recent evidence indicates that Lan- 
gerhans cells are capable of antigen processing and 
presentation to T lymphocytes, and therefore represent 
important initiators of the afferent limb of the cutaneous 
immune response (Fig. 27-3). 

Merkel cells, like Langerhans cells, cannot be iden- 
tified in routine sections, and of all types of epidermal 
cells they are the least numerous. They contain neu- 
rosecretory-type “dense-core” granules ultrastructurally 
(Fig. 27-1) and probably represent in humans a vestige 
of a mechanoreceptor important in lower animals. 

In summary, the epidermis is composed of speci- 
alized cells that function to protect us against potentially 
injurious agents in the external environment. Because 
physical and chemical agents, ultraviolet radiation, and 
antigenic substances are ubiquitous in our environment, 
it is not surprising that the three major component cells 
of the epidermis deal with each of these factors in a 
highly specific fashion. 

Specialized extensions of the epidermis into the 
dermis constitute the appendages. Hair arises from hair 
follicles, and is colored by melanin pigment and com- 
posed of proteins akin to epidermal keratin. Despite the 
striking variability in size, color, and shape of hair, the 
basic structure of all hair follicles is similar. The hair 
follicle consists of a specialized epidermal invagination 
associated at its base with a specialized fibrovascular 
structure, the dermal hair papilla. This latter structure 
is largely responsible for the growth and maintenance 
of the hair follicle. For example, plucking hair can 
damage the follicle, but the hair regenerates as long as 
the dermal hair papilla is unaffected. 

Associated with the hair are melanocytes, sensory 
nerves, a smooth muscle bundle called arrector pili, 
sebaceous glands, and sometimes apocrine glands. 
Cycles of growth, involution, and rest characterize the 
generation of hair. Anagen refers to the growth phase; 
catagen, to the phase of involution; and telogen, to the 
resting phase. 

Sebaceous glands and the hair follicle form the 
pilosebaceous unit; almost all sebaceous glands occur in 
association with hair follicles. Exceptions include seba- 
ceous glands on the lip, prepuce, labia minora, and 
eyelids (meibomian glands). Sebaceous glands have a 
sacular or lobular structure composed of secretory cells. 
The cytoplasm of cells near the lumen has a bubbly 
appearance, whereas cells near the periphery of the 
lobule have a basaloid appearance. The former cells, 
rich in triglycerides and lipids, are shed into the lumen, 
so-called holocrine secretion. The short duct, lined by 
squamous epithelium, opens into the hair follicle at a 
point roughly one-third the length of the follicle from 
the skin surface. The secretory product of sebaceous 
glands is lipid rich and probably functions as a lubricant 
for hairs and the skin. It is believed to be of importance 
in the pathogenesis of acne. The control of sebaceous 
gland secretion is probably mediated by hormonal fac- 
tors. 

Apocrine glands may originate from pilosebaceous 
units or communicate directly with the epidermis. Apo- 
crine glands are characteristically present in the axillae, 
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genital and perianal areas, areolae, periumbilical areas, 
external ear canal (ceruminous glands), and eyelids 
(Moll’s glands). The apocrine gland consists of a coiled 
tubuloglandular structure located in the deep dermis or 
subcutis. A relatively straight duct leads to a hair follicle 
or directly to the skin surface. The luminal surface of 
the gland is lined by large pink cells with apical protru- 
sions in which secretory products consist of budded-off 
portions of cytoplasm. Apocrine gland secretion is reg- 
ulated by adrenergic nerves in response to rubbing or 
pharmacologic or emotional factors, and consists of 
odiferous fluid that, in certain lower mammals is milky, 
and serves to regulate olfactory-mediated behavior 
(pheromone-like substance). 

Eccrine sweat glands, numbering 2 to 3 million in 
each person and widely distributed over the skin, are 
most numerous in palms, soles, and axillae. Only the 
lips and certain parts of the genitalia are free of eccrine 
glands. Each gland consists of a coiled tubuloglandular 
structure located at or near the junction of dermis and 
subcutis. A relatively straight duct extends from the 
gland through the dermis into the epidermis. The 
intraepidermal portion of the duct assumes a spiral 
course to the surface. The gland is lined by two types 
of cells on the luminal surface. Dark cuboidal cells rich 
in neutral mucopolysaccharides and cells with clear 
cytoplasm rich in glycogen line the lumen, and in turn 
are enclosed by myoepithelial cells. Eccrine secretions 
consist of thin watery fluid. Secretion is merocrine, i.e., 
it occurs without destruction of part or all of the cell. 
Cholinergic fibers of the autonomic nervous system 
control secretion in response to thermal stimulation and 
psychogenic factors, with lowering of body temperature. 
Secretion is easily blocked at the duct orifice, especially 
in infants and children, resulting in the familiar prickly 
heat rash called miliaria.‘ Electrolytes are present in 
normal eccrine sweat; in disorders affecting the forma- 
tion of these secretions such as cystic fibrosis (p. 493), 
they may be detected in significantly increased quan- 
tities. In some patients with cystic fibrosis, loss of 
excessive amounts of sodium and chloride in eccrine 
sweat has resulted in acute salt depletion and even 
death. | 

A basement membrane zone seen particularly well 
in PAS-stained tissue as a fine violet line is present at 
the dermoepidermal junction. As seen with the electron 
microscope, the basement membrane zone consists of: 
(1) the plasma membrane and hemidesmosomes of the 
basal cell; (2) the lamina lucida—an electron-lucent 
band located below the basal layer; (3) the basal lam- 
ina—an electron-dense band of finely granular material 
below the lamina lucida; and (4) the subbasal lamina 
fibrous elements (anchoring fibrils, dermal microfibrillar 
bundles, and collagen fibers), which merge with the 
papillary dermis (Fig. 27-4). The first three components 
of the basement membrane zone are produced by the 
epidermis, and the subbasal fibrous elements are pro- 
duced by connective tissue cells in the dermis. The 
basement membrane zone is of interest in the study of 
the blistering diseases (p. 1293). For example, in bul- 


Figure 27-4. Electron micrograph of basement membrane zone at 
dermoepidermal junction: (1) basal cell plasma membrane and 
hemidesmosome (arrowhead), (2) lamina lucida, (3) basal lamina 
(arrow), and (4) subbasal lamina fibrous elements and papillary 
dermis. 


lous pemphigoid, IgG and complement are deposited 
in the lamina lucida, whereas in dermatitis herpetifor- 
mis, IgA is deposited below the basal lamina. 

The dermis is divided into a thin superficial area 
called the papillary dermis and a thicker deep area, rich 
in thick collagen bundles, called the reticular dermis. 
Both the papillary dermis and reticular dermis are 
composed of cellular, fibrous, and ground substance 
components; the last-named two undergo constant syn- 
thesis and degradation. The cellular elements include 
fibroblasts, histiocytes, endothelial cells, pericytes, and 
mast cells. Fibers include collagen, reticulin (the latter 
are small collagen fibers), and elastic fibers. Collagen 
fibers provide the skin with the bulk of its tensile 
strength, whereas elastic fibers impart properties of 
flexibility to the skin. The ground substance of the skin 
includes hyaluronic acid, chondroitin sulfate, and der- 
matan sulfate. 

The papillary dermis is composed of thin collagen 
and elastic fibers and reticulin, without recognizably 
consistent orientation, in a ground substance matrix. 
Dermal evaginations, called dermal papillae, are formed 
as the result of epidermal invaginations. The superficial 
capillary venule is a prominent component of dermal 
papillae. A thin sheath of papillary dermis surrounds all 
appendages and combined with the rest of the papillary 
dermis, is called the adventitial dermis. The papillary 
dermis together with the epidermis can apparently act 
as a functional unit. In some inflammatory disorders 
such as psoriasis, epidermal and papillary dermal alter- 
ations occur in concert, whereas the reticular dermis is 
relatively uninvolved. 


The reticular dermis is composed of thick collagen 
bundles interspersed with elastic and reticulin fibers in 
a ground substance matrix. The collagen bundles have 
an interlacing crisscrossed pattern that is predominantly 
oriented parallel to the surface of the skin. Vessels, 
nerves, and adnexae are present in the reticular dermis. 

Subcutaneous fat. The basic structure of the sub- 
cutis consists of lobules of fat cells (or lipocytes) sepa- 
rated by fibrous septa (or trabecula). Within these septa 
run nerves and blood and lymphatic channels that 
supply the overlying skin. Eccrine and apocrine glands, 
all rimmed by lipocytes, are located near the junction 
of reticular dermis and subcutis. 

Vascular supply of the skin. Arteries and veins 
form deep and superficial plexuses, with communicating 
vessels running between them. The superficial vascular 
plexus is located in the high reticular dermis near the 
junction of the reticular and papillary dermis and is 
oriented parallel to the surface of the skin. The super- 
ficial capillary venule arises from the superficial plexus; 
it is called a capillary venule, because the flow of blood 
can be arterial to venous or vice versa. Blood flow in 
the skin results in transport of nutrients and waste 
products. Control of temperature is affected by vascular 
regulatory shunts and is mediated by the hypothalamus 
and sympathetic nervous system. Specialized groups of 
smooth muscle cells called glomus bodies control some 
of these vascular shunts. 

Lymphatics are numerous throughout the dermis 
but are inconspicuous in histologic sections of normal 
skin. They arise in the papillary dermis and form 
plexuses that parallel the other vascular plexuses of the 
skin. 

Innervation of the skin. Nerve fibers in the skin 
occur free and encapsulated, myelinated and unmyeli- 
nated. Many nerves end in microscopically distinctive 
receptors, e.g., pacinian and Meissner corpuscles. The 
motor fibers of the skin are al] autonomic. Adrenergic 
fibers mediate the contraction of arrector pili and smooth 
muscle of arteriolar walls, the glomus body, and apo- 
crine gland myoepithelial cells. Cholinergic fibers sup- 
ply eccrine glands. Sensory fibers of the skin mediate 
touch, pressure, temperature, pain, itching, and other 
sensations. In the past, it was hypothesized that each 
particular sensation was mediated by a particular ana- 
tomically distinct end organ; present hypotheses pro- 
pose that specific sensations are the result of central 
summation of patterns of impulses generated by differ- 
ent types of receptors. 


PATHOLOGY 


The eyes may be the mirror of the soul, but the 
skin often reflects the state of the internal milieu. Skin 
disorders are frequently encountered in medical prac- 
tice, and the astute clinician is able to judge the 
significance of cutaneous eruptions. In some cases the 
eruption is a sign of covert or incipient internal disease. 
In other cases the disorder is limited to the skin. 
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Definition of Terms 


Before describing the clinical features and charac- 
teristic histology of skin disorders, we will define some 
descriptive terms used in dermatopathology. 


MACROSCOPIC TERMS 


Macule: Circumscribed area of any size character- 
ized by its flatness and usually distinguished from sur- 
rounding skin by its coloration. 

Papule: Elevated solid area 5 mm or less across. 

Nodule: Elevated solid area greater than 5 mm 
across. 

Plaque: Elevated flat-topped area, usually greater 
than 5 mm across. 

Vesicle: Fluid-filled raised area 5 mm or less across. 

Bulla: Fluid-filled raised area greater than 5 mm 
across; a large blister. 

Blister: Common term used for vesicle or bulla. 

Pustule: Discrete, pus-filled, raised area. 

Wheal: Itchy, transient, elevated area with variable 
blanching and erythema formed as the result of dermal 
edema. 

Scale: Dry, horny, platelike excrescence; usually 
the result of imperfect cornification. 

Lichenification: Thickened and rough skin charac- 
terized by prominent skin markings; usually the result 
of repeated rubbing in susceptible persons. 

Excoriation: A traumatic lesion characterized by 
breakage of the epidermis causing a raw linear area, 
i.e., a deep scratch. Such lesions are often self-induced. 

Onycholysis: Loss of integrity of the nail substance. 


MICROSCOPIC TERMS 


Hyperkeratosis: Hyperplasia of the stratum cor- 
neum often associated with a qualitative abnormality of 
the keratin. 

Parakeratosis: Mode(s) of keratinization character- 
ized by the retention of nuclei in the stratum corneum. 
On mucous membranes, parakeratosis is normal. 

Acanthosis: Epidermal hyperplasia. 

Dyskeratosis: Abnormal keratinization occurring 
prematurely within individual cells or groups of cells 
below the stratum granulosum. 

Acantholysis: Loss of intercellular connections re- 
sulting in loss of cohesion between keratinocytes. 

Papillomatosis: Hyperplasia of the papillary dermis 
with elongation and/or widening of the dermal papillae. 

Spongiosis: Intercellular edema of the epidermis. 

Exocytosis: Infiltration of the epidermis by inflam- 
matory or circulating blood cells. 

Erosion: Discontinuity of the skin, exhibiting in- 
complete loss of the epidermis. 

Ulceration: Discontinuity, often excavative, of skin 
exhibiting complete loss of the epidermis and portions 
of the dermis and even subcutaneous fat. 

Vacuolization: Formation of vacuoles within or ad- 
jacent to cells; often refers to basal cell-basement mem- 
brane zone area. 
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The most common tumors encountered in day-to- 
day medical practice are tumors of the skin. In the 
following sections they are classified by their anatomic 
location (e.g., epidermis or dermis) and by their biologic 
behavior (benign or malignant). 


BENIGN EPIDERMAL TUMORS 


Benign keratinocytic tumors are the most common 
types of benign epidermal tumor and are primarily a 
cosmetic problem. Clinically, they may sometimes be 
mistaken for malignant tumors. For example, malignant 
melanoma, a tumor of pigment cells or melanocytes, is 
frequently confused clinically with pigmented sebor- 
rheic keratosis, a benign tumor of keratinocytes. The 
benign keratoacanthoma is often misdiagnosed as squa- 
mous cell carcinoma. In all cases in which the clinical 
diagnosis is in doubt, biopsy for histopathologic exami- 
nation should be performed. 


SEBORRHEIC KERATOSIS 


This is a common benign tumor of basaloid (basal 
cell-like) cells, occurring most frequently after middle 
age. Tumors arise spontaneously, sometimes rapidly 
and in crops (Fig. 27-5). The sudden enlargement or 
shower-like appearance of numerous seborrheic kera- 
toses may follow hormonal therapy or inflammatory 
dermatoses. Rarely, crops of these lesions are associated 
with an internal malignancy. If the malignancy is of 
gastrointestinal origin, this sudden appearance of sebor- 
rheic keratoses is called the sign of Leser-Trélat. 


Seborrheic keratoses are usually bilateral, occurring 
most frequently on the trunk, face, and extremities. Individual 
lesions vary in size from millimeters to centimeters and 
present as a variety of plaques, some with greasy surfaces, 
others with surfaces that can be velvety, granular, or verru- 


Figure 27-5. Seborrheic keratoses are often multiple and consist 
of tan-to-brown, well-demarcated plaques exhibiting variable de- 
grees of hyperkeratosis and containing keratotic plugs. 
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Figure 27-6. A, Seborrheic keratosis architecturally is abruptly 
demarcated and shows hyperkeratosis and epidermal and papillary 
dermal hyperplasia, and contains horn cysts and “pseudohorn cysts” 
(keratotic cysts that communicate with the epidermal surface, ar- 
row). B, Cytologically, these lesions are composed of uniform 
basaloid cells. 


cous. The lesions are usually soft and friable and show 
slight-to-marked pigmentation. In blacks, seborrheic kerato- 
sis is called dermatosis papulosa nigra. These pigmented 
lesions are characteristically smaller and smoother than the 
corresponding lesions in whites. 

Histologically, seborrheic keratoses may assume widely 
varying patterns (Fig. 27-6). As a general rule, all are 
exophytic and composed of basaloid cells. The exophytic 
nature of the lesion is evident on low-power examination: 
the base of the seborrheic keratosis is flat and level 
with the base of the adjacent normal epidermis. The 
basal cells form cords and sheets in the middle of which are 
epidermal cysts filled with keratin, so-called “horn cysts.” 
These cysts may communicate with the surface of the lesion, 
resulting in multiple small keratin plugs, a feature visible with 
a hand lens and not usually present in tumors of melano- 
cytes. Interwoven with the basaloid aggregates are tracts of 
hyperplastic papillary dermis associated with a variable 
chronic inflammatory infiltrate. Hyperpigmentation of the 
basaloid cells may be present. The irritated seborrheic 
keratosis® is a special type, which, although fundamentally 
a basaloid tumor, shows numerous squamous Cells arranged 
in solid sheets, with some cells in a “whorling” pattern. 
Numerous lymphocytes are present in the dermis. Inverted 
follicular keratosis is an endophytic growth usually asso- 
ciated with a pilosebaceous follicle, and otherwise exhibiting 
features of an irritated seborrheic keratosis. 


Seborrheic keratoses are usually left untreated un- 
less they are removed for itching or pain associated with 
inflammation, or for cosmetic reasons. They do not 
recur unless they have been incompletely treated. At 


times, pigmented seborrheic keratoses resemble mela- 
noma or pigmented basal cell carcinoma. Whenever the 
clinical diagnosis is uncertain, biopsy for histopathologic 
evaluation is indicated. 


FIBROEPITHELIAL POLYP 


Also called skin tag or acrochordon, this very com- 
mon tumor often is seen as an incidental finding in 
middle-aged persons. 

Skin tags occur most often on the neck and inter- 
trigines and appear as soft papules or soft, pedunculated, 
baglike tumors. Histologically, they consist of benign 
squamous epithelium surrounding a fibrovascular core. 

Multiple skin tags sometimes develop during preg- 
nancy and are also associated with other disorders such 
as diabetes and intestinal polyposis. Unless they are 
extremely numerous, however, skin tags do not seem 
to be a significant marker of internal disease. 


EPIDERMAL CYST (WEN) 


Epidermal cysts® are derived from the epidermis 
or the epithelium of the hair follicle. These tumors are 
formed by cystic enclosures of epithelium within the 
dermis that become filled with keratin admixed with 
variable amounts of lipid-rich debris. 

There are two major types of epidermal cysts. The 
pilar cyst usually occurs as a firm, well-circumscribed, 
subepidermal nodule on the scalp and is formed by an 
outer wall of keratinizing squamous epithelium without 
a granular layer, similar to the normal epithelium of the 
hair follicle at and distal to the sebaceous duct. The 
epidermal inclusion cyst occurs as a well-circumscribed, 
subepidermal mobile nodule on the head, neck, and 
trunk and is formed by keratinizing squamous epithe- 
lium with a granular layer, similar to the normal epithe- 
lium of the follicular infundibulum. Both these cysts 
contain keratin, although the contents of the pilar cyst 
are usually more homogenous and lipidized than those 
of the epidermal inclusion cyst. Less common variants 
of epidermal cysts include the dermoid cyst, which is 
similar to the epidermal inclusion cyst but has cutaneous 
appendages originating from its wall, and the steatocys- 
toma multiplex, an epithelial cyst without a granular 
layer and with campressed sebaceous lobules adjacent 
to its wall. Cutaneous dermoid cysts, unlike benign 
cystic teratomas or dermoid cysts of the avary, are not 
derived from germ cells and are composed only of 
mature ectodermal elements. 

Although all epidermal cysts are benign, they are 
frequently removed for cosmetic reasons, for histologic 
identification, or after they rupture. Ruptured cysts 
elicit considerable inflammation replete with foreign 
body—type giant cells when keratin escapes into the 
adjacent dermis. Rarely, large pilar cysts may erode the 
calvarium, and some may proliferate and grow to be- 
come ulcerated tumors that mimic squamous cell car- 
cinomas (pilar tumor of the scalp). 
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KERATOACANTHOMA 


This benign but rapidly growing tumor appears 
most commonly on the central face, but can arise 
anywhere on the head or upper extremities. Generally 
occurring at or after middle age, it begins as a firm, 
round, flésh-colored or red papule. Within a few weeks 
this papule can grow remarkably to 1 to 2 cm in diameter 
or larger, characteristically forming a central crater filled 
with keratin. Following this phase of rapid growth there 
may be a static period, but involution with scarring 
eventually ensues. Keratoacanthomas are generally con- 
sidered to be neoplasms of the follicular infundibulum. 
Theories of possible viral etiology exist, but have not 
been substantiated. In general, keratoacanthomas are 
biopsied or excised to exclude the possibility of a 
squamous cell carcinoma, which they may resemble 
both clinically and histologically.’ 


Histologically, an important feature of the keratoacan- 
thoma is its exophytic cup-shaped architecture. The tumor 
cells are arranged in lobules and tongues. More centrally, 
large squamoid cells have a characteristic homogeneous 
and pale-pink (“glassy”) cytoplasm; at the periphery of the 
lobules the cells are basaloid (Fig. 27—7). Although these 
lobules may penetrate deeply into the dermis and even 
surround dermal nerve twigs, they retain a well-defined 
smooth contour and basaloid differentiation at their periph- 
ery. In addition, keratoacanthomas generally show only slight 
cellular pleomorphism, although mitotic figures may be nu- 
merous in the rapid-growth phase. These features aid in 
excluding squamous cell carcinoma, which generally has a 
less well-defined pattern of infiltration, squamatization and 
dyskeratosis at the periphery of invasive tongues, and con- 
siderable cellular pleomorphism and anaplasia. 


Clinically, squamous cell carcinomas are less sym- 
metric and occur in older individuals as slow-growing 
tumors. However, no histologic or clinical criterion 
exists to permit differentiation of all keratoacanthomas 
from squamous cell carcinomas, and careful evaluation 
of multiple criteria and clinicopathologic correlation are 
frequently required to assign the correct diagnosis. 


Figure 27-7. Keratoacanthomas are composed centrally af pale, 
glassy squamous cells and peripherally of a single layer of darker, 
more basaloid cells. These and other features help to differentiate 
the dermal component of this tumor from invasive squamous cell 
carcinoma. 
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ADNEXAL (APPENDAGE) TUMORS 


Adnexal tumors are usually benign neoplasms aris- 
ing from or differentiating toward cutaneous appen- 
dages. It is likely that they originate from pluripotential 
epithelial cells capable of pilosebaceous, eccrine, or 
apocrine differentiation. Because these tumors exhibit a 
wide range of differentiation, their histologic appearance 
may bear little resemblance to their mature appendageal 
counterparts. However, electron microscopy and en- 
zyme histochemistry of these tumors often reveals sim- 
ilarities suggesting directions of histodifferentiation in 
these tumors.® For example, trichoepithelioma shows 
hair formation and cylindroma contains enzymes consid- 
ered to be most characteristic of apocrine glands. 

The common adnexal tumors include nevus seba- 
ceus, trichoepithelioma, pilomatrixoma, cylindroma, 
syringocystadenoma papilliferum, syringoma, and ec- 
crine spiradenoma. Nevus sebaceus is a congenital ham- 
artoma probably derived from basal cells. Occurring on 
the face or scalp of children, it usually consists of a 
slightly raised, flesh-colored plaque, but in adults it 
consists of a verrucous nodular lesion several centi- 
meters across. The histologic appearance after puberty 
is characterized by many sebaceous glands, some of 
which open directly to the surface; papillary epidermal 
hyperplasia; and the presence of ectopic apocrine glands 
in the deep dermis (Fig. 27-8A). In 10% of cases, basal 
cell carcinoma develops in these lesions. 

Trichoepithelioma refers to benign, usually multi- 
ple tumors that recapitulate hair follicles. Lesions first 
appear in adolescence on the face and scalp, and less 
commonly on the neck and trunk, as flesh-colored 


papules and small nodules. The histologic appearance is 
characterized by aggregates of basal cells similar to those 
of the hair bulb as well as numerous horn cysts, both 
surrounded by an inflammatory fibrous stroma. 

Pilomatrixoma (calcifying epithelioma of Malherbe) 
is a benign tumor of hair follicle origin. It usually arises 
before age 20 and appears clinically as a hard deep 
nodule usually located on the face or upper extremity. 
Histologically, pilomatrixoma exhibits a fibrous stroma 
surrounding nests of basophilic cells and shadow or 
ghost cells. The latter are keratinized cells that have an 
unstained central area where their nuclei were formerly 
located. When special stains are performed, calcium 
deposits are found in all tumors. 

Cylindroma (turban tumor) refers to a usually 
benign tumor of either apocrine or eccrine origin. It 
generally arises in early adulthood as single or multiple 
nodules located on the scalp and less often on the face 
or extremities. Dominant inheritance is usually associ- 
ated with multiple lesions. Turban tumor describes the 
classic appearance of multiple large nodules covering 
the scalp. Histologically, the tumor consists of nests of 
small basophilic cells surrounded by pink hyaline 
sheaths. 

Syringocystadenoma puapilliferum refers to a benign 
tumor of eccrine or apocrine origin. It arises at puberty 
as a papillomatous hyperkeratotic plaque or nodule 
located on the scalp or face, usually associated with 
nevus sebaceus. Histologically, the tumor exhibits pap- 
illary epidermal hyperplasia communicating with invag- 
inations into the dermis. The invaginations form papillae 
and are lined by two rows of cells. The stroma of these 
papillae characteristically is densely infiltrated with 


Figure 27-8. A, Adnexal tumor—nevus sebaceus. This hamartomatous lesion exhibits numerous sebaceous glands (some opening directly 
to surface), papillary epidermal hyperplasia, and ectopic apocrine glands. B, Adnexal tumor—syringoma. Numerous ductal structures are 
present embedded in a fibrous stroma. Characteristic tadpole-like shapes result from extreme tortuosity of ductal structures. 


plasma cells. Syringocystadenoma papilliferum, like 
basal cell carcinoma, may also arise within a preexisting 
nevus sebaceus. 

Syringoma is a benign tumor located in the dermis 
that probably arises from the intraepidermal portion of 
the eccrine duct. The lesions arise at puberty or later, 
usually as multiple, 1- to 2-mm, faintly yellow or skin- 
colored papules located on the face and especially the 
lower eyelids, abdomen, or vulva. The histologic ap- 
pearance consists of numerous ductal structures and 
keratin-filled cysts in a fibrous stroma (Fig. 27-8B). The 
ductal structures have two layers of cells and assume 
odd shapes, e.g., commaz-like tails resembling tadpoles. 

Eccrine spiradenoma refers to a benign tumor 
probably of eccrine origin arising in young adults, and 
the usually solitary nodule is tender or even painful. It 
has no characteristic location. The histologic appearance 
is of one or several well-demarcated lobules composed 
of small basophilic cells. The latter are organized into 
clusters, intertwining cords, and ductal structures alter- 
nating with thin fibrous stroma. 

Although most adnexal tumors are benign, malig- 
nant variants do exist. Sebaceous carcinoma arising from 
the meibomian gland of the eyelid, for example, is an 
aggressive neoplasm that frequently metastasizes. Be- 
nign appendage tumors may be markers for internal 
malignancy. Some patients with multiple sebaceous 
adenomas, a benign tumor of sebaceous glands, have 
been found to have gastrointestinal adenocarcinomas, 
and others with multiple trichilemmomas, benign plate- 
like proliferations of follicular epithelium, may have 
breast carcinoma (Cowden’s syndrome).® 


PREMALIGNANT AND MALIGNANT 
EPIDE3MAL TUMORS 


ACTINIC KERATOSIS (SOLAR KERATOSIS) 


Actinic keratosis is a premalignant skin lesion char- 
acterized by focal areas of epidermal atypia and usually 
induced by chronic exposure to sunlight. It is very 
common among fair-complexioned middle-aged persons 
who have a history of chronic sun exposure. There is a 
particularly high incidence in the southern United 
States, South Africa, and Australia. Exposure to ionizing 
radiation and hydrocarbons and ingestion of arsenicals 
may induce similar lesions. 


Clinically, actinic keratoses are small (less than 1 cm 
across), erythematous, scaling papules or plaques. They 
often have a rough or “sandpaper” texture, and may even 
produce a firm conical excrescence of keratin called a 
“cutaneous horn.”'° Biopsy is often performed in these latter 
lesions because squamous cell carcinomas may also pro- 
duce cutaneous horns. When atypical proliferations of cells 
occur in the oral cavity, the clinical appearance of leukoplakia 
may be present (p. 780). When they are premalignant, the 
cause of these white plaques is less clear than that of actinic 
keratoses. Most lesions producing leukoplakia, however, are 
not atypical but show the common histologic features of 
hyperkeratosis and chronic inflammation. 
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Figure 27-9. Actinic keratoses often show buds of atypical cells 
(arrow) from lower portion of epidermis that protrude into an inflamed 
and sun-damaged papillary dermis. These lesions are usually cov- 
ered by parakeratotic scale. 
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The essential microscopic feature of actinic keratosis is 
focal atypism of the keratinocytes of the lower layers of an 
atrophic or hyperplastic epidermis. Atypical cells may prolif- 
erate in the form of buds into the dermis (Fig. 27—9) but do 
not invade beyond the basement membrane. Hyperkeratosis 
and parakeratosis are generally present and are responsible 
for the texture of these lesions clinically. The papillary dermis 
frequently contains pale, gray-blue amorphous material, so- 
called “solar elastosis.” These deposits of abnormal con- 
nective tissue with properties of elastic tissue are also the 
result of chronic exposure to ultraviolet light. 


BASAL CELL CARCINOMA 


This is a common, locally aggressive, rarely metas- 
tastizing epidermal tumor, so designated because its 
cells resemble basal cells of the epidermis. Light- 
skinned races are most susceptible; the tumor rarely 
arises before age 40; blacks and Orientals are rarely 
affected. 

Basal cell carcinoma usually presents on the face 
and hair-bearing areas as a pearly-gray, semitranslucent 
papule with marked telangiectasis. Non—hair-bearing 
epithelia (e.g. mucosal surfaces) are generally not af- 
fected. Tumors may also appear as brown or black 
nodules, plaques, or indurated areas with ulceration. 

Interestingly, basal cell carcinoma is uncommon on 
the backs of the hands and forearms, areas of consider- 
able sun exposure. It is common on eyelids and the 
inner canthus, areas more protected from sunlight but 
dense with pilosebaceous follicles. Arsenicals, formerly 
widely available in patent medicines, increase the risk 
of basal cell carcinoma and squamous cell carcinoma. 
The rare basal cell nevus syndrome! is a dominantly 
inherited disorder associated with the development in 
early life of numerous basal cell carcinomas and abnor- 
malities of bone, skin, nervous system, eyes, and repro- 
ductive system. Patients with xeroderma pigmentosum 
(p. 241) (a group of dominantly inherited disorders 
characterized by defective DNA _ replication—repair 
mechanisms) are also at increased risk of developing 
basal cell carcinomas. Finally, immunocompromised 
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patients, such as renal transplant recipients, are prone 
to develop basal and squamous cell carcinomas of the 
skin. 


Histologically, the tumor cells form dermal nests, cords, 
and islands that, in a given plane or section, may or may 
not communicate with the overlying epidermis. The cells 
forming these nests are small and round and resemble basal 
keratinocytes. At the periphery of the nests, these cells 
elongate in parallel array, forming a palisading pattern (Fig. 
27-10). The tumor cells have little pleomorphism, and mi- 
toses are infrequent. Deposition of melanin pigment in some 
lesions explains their occasional brown coloration clinically, 
and cystic spaces in tumor nests may result from central 
necrosis or appendageal (eccrine) differentiation. A variety 
of histologic variants exist, including multiple superficial 
tumors, keratinizing types, and tumors associated with 
marked dermal sclerosis or with the formation of glandlike 
(adenoidal) structures. Tumors showing keratinization may 
form “horn cysts” filled with keratin, and may mimic both 
benign and malignant squamous cell neoplasms. However, 
foci of typical basal cell carcinoma can usually be identified 
in these lesions. The variation in histologic apperance has 
no effect on the rare metastatic potential of these lesions.’ 
However, the presence of a characteristic loose fibrous 
stroma of the basal cell carcinoma appears necessary for 
growth of tumor cells in rare instances when metastases 
occur. Recent data suggest that local cellular immunity may 
in part relate to the indolent course of these neoplasms." 


When completely excised, most basal cell carcino- 
mas are cured. Superficial basal cell carcinomas, which 
consist of nests of tumor budding from multiple epider- 
mal sites, and sclerosing or morphea-like basal cell 
carcinomas, which are associated with marked dermal 
fibrosis, have ill-defined borders clinically and may recur 
locally after attempted removal. Long-standing tumors 


Figure 27-10. Basal cell carcinoma, exhibiting nests of basaloid 
cells, palisading of cells at periphery of nests, and dense stroma 
that surrounds tumor nests. Origin of tumor from epidermis can also 
be seen. 


or more aggressive ones may produce deep ulcerations 
(“rodent ulcers”). Such lesions may involve underlying 
bone, cartilage, the orbit, and perineural spaces and 
may require extensive radical surgery. 


SQUAMOUS CELL CARCINOMA 


Squamous cell carcinomas have a low but significant 
potential for metastasis. These tumors have a peak 
incidence at 60 years and affect women more frequently 
than men. The most common predisposing factor is 
chronic sun exposure. Other less common factors ‘in- 
clude ingestion of arsenicals; chronic ulcers or sinus 
tracts (such as those draining osteomyelitis); prolonged 
contact with organic hydrocarbons, tobacco, and betel 
nuts; radiation or thermal injury; xeroderma pigmento- 
sum (p. 241); and immunosuppression. Most squamous 
cell carcinomas occur on sun-exposed skin but, in con- 
trast to basal cell carcinomas, any area of skin and 
mucous membrane may be affected. 


In situ (noninvasive) squamous cell carcinomas appear 
as sharply defined, red-brown plaques with slightly elevated 
borders. Early invasion is heralded by the development of a 
painless, firm, red papule or nodule with scaling or cutaneous 
horn formation. More advanced deeply invasive lesions 
frequently ulcerate and have wide, raised, indurated borders. 
On skin not exposed to sunlight, both in situ (Bowen’s 
disease) and early invasive squamous cell carcinomas ap- 
pear as red oozing patches. Paramucosal and mucosal 
lesions frequently show whitish discoloration, and this ap- 
pearance produced by a variety of malignant and benign 
proliferative and inflammatory conditions is sometimes called 
leukoplakia (see also p. 780). 

In situ Squamous cell carcinoma is composed of 
atypical squamous cells, which, unlike actinic keratoses, 
entirely replace the normal epidermis (Fig. 27-11). The 
superficial dermis contains a lymphocytic infiltrate, but in- 
vasion through the basement membrane is not present. 
Invasive squamous cell carcinoma occurs when atypical 
keratinocytes break through the basement membrane and 
proliferate downward into the dermis (Fig. 27-12). Tumor 
cells of both in situ and invasive lesions are pleomorphic, 
have numerous and atypical mitoses, and show dyskeratosis 
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Figure 27-11. Squamous cell carcinoma in situ. Note highly pleo- 
morphic cells at all levels of epidermis and the numerous mitotic 
figures. 
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Figure 27-12. Well-differentiated squamous cell carcinoma. Tumor 
shows squamous differentiation and invades to level of skeletal 
muscle. 


and “horn pearl” formation (concentric layers of squamous 
cells with increasing keratinization centrally). Rare histologic 
variants of squamous cell carcinomas include pseudo- 
glandular’* types, the result of acantholysis within tumor 
nests, and spindle cell'S types. Verrucous carcinomas are 
an uncommon variety of squamous cell carcinoma. They 
have a fungating appearance and slow growth, and often 
are deeply invasive without metastases. Histologically, these 
tumors are extremely well differentiated and form endophytic, 
club-shaped projections of epithelium into the underlying 
dermis. 


When squamous cell carcinoma occurs on sun- 
exposed skin, less than 2% of patients develop metas- 
tases. Cure may be expected with complete excision if 
invasion is not deep and metastases have not occurred. ® 
Twenty to 50% of patients develop metastases when 
squamous cell carcinoma arises on mucosal surfaces, on 
genitalia, in burn scars, on areas of radiodermatitis, and 
in chronic ulcers. 

Pseudocarcinomatous (pseudoepitheliomatous) hy- 
perplasia, a disorder that must be differentiated from 
invasive squamous cell carcinoma, refers to benign 
proliferation of squamous epithelium in the form of 
tongues growing downward into the dermis. The 
changes usually occur at the edge of healing wounds 
and chronic ulcers. This picture is also regularly ob- 
served in granuloma inguinale, bromoderma (epithelial 
hyperplasia associated with ingestion of bromides), cu- 
taneous blastomycosis, and other inflammatory disor- 
ders. In addition, it commonly occurs in epithelium 
overlying granular cell tumors, where it may be mis- 
taken for squamous cell carcinoma in superficial biopsies 
that do not include the underlying primary tumor. 
Histologic examination of multiple biopsies is necessary 
in these cases to distinguish benign hyperplasia from 


Figure 27-13. Bowenoid papulosis involving vulva. Epidermis is 
replaced by atypical cells, and lesion resembles squamous cell 
carcinoma in situ. 


malignant tumor. Pseudocarcinomatous hyperplasia 
lacks anaplasia and other cytologic features of malig- 
nancy, but in certain cases differentiation from squa- 
mous cell carcinoma is difficult. 

Bowenoid papulosis’ (Fig. 27-13) is a recently 
recognized lesion that histologically bears a close resem- 
blance to squamous cell carcinoma in situ. It is a disorder 
quite distinct from the latter and from Bowen’s disease, 
and usually occurs on the shaft of the penis or vulva as 
multiple small (less than 0.5-cm) flat papules. Younger 
patients are affected, and lesions may spontaneously 
regress. Clinically unlike squamous cell carcinoma in 
situ at these sites, which presents as a larger (greater 
than 1-cm) solitary lesion on the glans or vulva of older 
patients, bowenoid papulosis is now thought to be 
associated with cutaneous infection by an undefined 
virus. Although histologic parameters alone do not per- 
mit a diagnosis in all instances, some keratinocytes in 
bowenoid papulosis may appear more uniform and less 
atypical than in squamous cell carcinoma in situ. 


TUMORS OF DERMIS 
FIBROUS HISTIOCYTOMA 


Fibrous histiocytoma (dermatofibroma, sclerosing 
hemangioma, fibrous xanthoma, and nodular subepider- 
mal fibrosis) refers to a benign dermal proliferation of 
fibroblasts and histiocytes. The synonyms underlie the 
heterogeneity of the microscopic appearance and the 
uncertainty as to precise histogenesis. This group of 
common lesions usually occurs in adults, frequently on 
the legs of young to middle-aged women. A history of 
antecedent trauma in 20% of cases suggests that some 
of these tumors represent a proliferative response to 
trauma. 


In most tumors the predominant morphologic picture is 
a dermal proliferation of benign fibroblasts and histiocytes 
(Fig. 27-14A). From a mid-dermal location the proliferation 
extends upward, downward, or laterally and the borders are 
usually poorly demarcated. In most cases, fibrocytes are 
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Figure 27-14. Fibrous histiocytoma (dermatofibroma) showing A, 
proliferation of fibroblasts and histiocytes beneath an area of epi- 
dermal hyperplasia and B, formation of cartwheel or storiform 
patterns by these proliferating cells. 


more numerous than histiocytes, and collagen and reticulin 
are present in large amounts. Intertwining and anastomosing 
bands of collagen and tumor cells radiate from a central 
hub, forming a cartwheel or storiform pattern (Fig. 27—14B). 
In many lesions, scattered or nested histiocytes have a 
foamy, lipid-laden cytoplasm, giving the tumor the appear- 
ance of a “fibrous xanthoma.” Because small vascular 
channels may form a prominent component of the tumor, 
these lesions have also been called “sclerosing heman- 
giomas.” Extravasation of erythrocytes and deposits of he- 
mosiderin may be present in all types. 

In addition to these dermal changes, epidermal hyper- 
plasia with elongation of rete ridges and basal hyperpigmen- 
tation are often present (Fig. 27-14A). Rarely, epidermal 
hyperplasia overlying dermatofibroma may resemble basal 
cell carcinoma.'® 


DERMATOFIBROSARCOMA PROTUBERANS 


Dermatofibrosarcoma protuberans is an uncom- 
mon, slow-growing, and locally aggressive tumor of the 
dermis.'® Clinically, lesions consist of solitary or multiple 
nodules often arising within an indurated plaque. These 
tumors arise most frequently on the trunk, but the 
extremities, neck, scalp, and face may be affected. 
Although locally invasive, only a few of these neoplasms 
have been documented to metastasize.”° 


The histologic appearance of dermatofibrosarcoma pro- 
tuberans is that of a nonencapsulated, cellular dermal neo- 


plasm composed of fusiform cells admixed with collagen 
and frequently having a storiform pattern. This has been 
likened to that of a low-grade fibrosarcoma. In general, 
dermatofibrosarcoma protuberans differs from dermatofi- 
broma in that the former is more cellular, contains more 
pleomorphic and atypical cells, and has some degree of 
mitotic activity. In addition, the overlying epidermis is often 
thinned or ulcerated in dermatofibrosarcoma protuberans, 
whereas it is frequently hyperplastic in dermatofibroma. Both 
tumors may infiltrate dermal and subcutaneous tissue, al- 
though deep extension into fat and fascial planes is more 
typical of dermatofibrosarcoma protuberans. 


Both dermatofibromas and dermatofibrosarcoma 
protuberans are believed to be primarily derived from 
fibroblasts, and the presence of variable proliferations 
of histiocytes in these lesions is regarded as a secondary 
event. Local recurrences after presumed adequate ex- 
cision of dermatofibrosarcoma protuberans is likely to 
be the result of its insidious and infiltrative growth deep 
within the skin. 


HEMANGIOMA 


Benign and malignant tumors of blood and lym- 
phatic vessels are discussed in Chapter 12. Here we 
shall discuss only the cutaneous hemangiomas, as they 
are extremely common disorders in dermatologic prac- 
tice. 

Capillary hemangioma (strawberry mark) refers to 
a common benign vascular tumor that usually regresses 
by childhood. It is unclear whether this disorder rep- 
resents a malformation, benign neoplasia, or reactive 
process (see also p. 538). 


Capillary hemangioma presents anywhere on the skin 
as a hypopigmented area with red stippling. This lesion 
arises at 3 to 5 weeks of age and evolves into a soft, bright 
red, lobulated exophytic mass up to 6 cm in diameter. The 
lesion is usually solitary; when multiple it may be rarely 
associated with visceral hemangiomas. Spontaneous reso- 
lution begins usually at 1 to 3 years of age and is complete 
within five years in 80% of cases. The resolved lesion 
appears as normal or slightly wrinkled erythematous skin. 
Ulceration and infection of a hemangioma may cause scar- 
ring. 

Histologically, growing capillary hemangiomas exhibit 
dense dermal proliferation of thin-walled small vessels ad- 
mixed with zones of dense pericytic proliferation (Fig. 27- 
15). In mature lesions, capillaries and vessels are present, 
but areas of pericytic proliferation are no longer identifiable. 
Involuting hemangiomas exhibit fewer vessels entrapped by 
dermal fibrosis. 


Tumors are left to resolve spontaneously unless 
they are very large, ulcerated, or in critical locations 
(e.g., near the eye), in which case they are excised. 
Biopsy can be helpful in determining treatment; lesions 
composed of mature vessels are less likely to resolve, 
whereas lesions of less mature angioblastic tissue can be 
expected to involute spontaneously. 

Pyogenic granuloma of the skin refers to a benign, 
common, solitary proliferation of capillaries occurring at 
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Figure 27-15. Comparison of capillary (A) and cavernous (B) 


hemangiomas. Both photomicrographs were taken at same magni- 
fication. Note differences in size of lumina and vessel walls, and 
pericytic proliferation in A. 


any age of life. The lesion is often associated with a 
history of trauma and begins as a small erythematous 
papule that enlarges rapidly and ulcerates. It rarely 
exceeds 1 cm in diameter and is usually treated by 
excision. Histologically, there is proliferation of capillar- 
ies with endothelial swelling associated with stromal 
edema and numerous inflammatory cells. 

Senile hemangioma (cherry hemangioma) refers to 
a common, benign, tiny capillary hemangioma that 
occurs in adult life. Senile hemangiomas are usually 
multiple and appear as 1- to 3-mm bright red or purple 
papules that sometimes persist. The histologic appear- 
ance is that of a small capillary hemangioma. 

Cavernous hemangioma refers to a dermal or sub- 
cutaneous vascular tumor characterized by the relatively 
large size of its vessels. Less common than other types 
of hemangioma, it affects males more often than females. 
Superficial lesions usually cause irregularity of the skin 
surface and exhibit bright-to—dark red coloration. Deep 
lesions have a smooth surface and appear blue in color. 
Histologically, this tumor exhibits vessels with large 
vascular lumens and thick walls (Fig. 27-15). 

Cavernous hemangiomas of the skin usually arise 
independently of systemic disorders; however, the fol- 
lowing rare associations are of note. The Kasabach- 
Merritt syndrome”! refers to an extensive cavernous 
hemangioma associated with thrombocytopenia. The 
platelets are apparently trapped in thrombi within the 
cavernous spaces, resulting in purpura. Maffuccis syn- 
drome consists of cavernous hemangiomas with dys- 
chondroplasia and ossification; patients with this con- 
genital but not hereditary syndrome are at high risk for 
development of chondrosarcoma. Blue rubber bleb ne- 
vus syndrome refers to large, soft, compressible, cuta- 
neous cavernous hemangiomas associated with gastroin- 
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testinal hemangiomas that tend to bleed slowly and 
chronically. 


Tumors of Dermis 


NEVUS FLAMMEUS 


Nevus flammeus is a common benign malformation 
of telangiectatic vessels. Present in over one-third of 
infants, it clinically is a large, irregularly shaped, flat 
pink or orange patch. Most lesions slowly involute 
during childhood; those that persist are called port-wine 
stains (or nevi).”” As the name indicates, these lesions 
develop dark red—purple or even blue coloration and 
may be raised. Port-wine nevus usually occurs on the 
face or neck; when located laterally, it may be associated 
with other vascular malformations, such as the Sturge- 
Weber and Klippel-Trenaunay syndromes. The Sturge- 
Weber syndrome (oculomeningeal nevus flammeus) re- 
fers to unilateral nevus flammeus located in the trige- 
minal nerve distribution of the face. Ipsilateral angioma- 
tosis of the retina and meninges may be associated with 
hemiparesis, epilepsy, or calcifications outlining cere- 
bral sulci and gyri in this condition. The Klippel-Tre- 
naunay syndrome (osteohypertrophic nevus flammeus) 
refers to nevus flammeus involving one or more of the 
extremities associated with vascular malformation and 
hypertrophy of underlying soft tissues and bones. It is 
generally believed that the osteohypertrophy is a 
consequence of venous hypertension caused by these 
arteriovenous fistulas. 


Histologically, clinically apparent nevus flammeus is 
indistinguishable from normal skin at birth (Fig. 27-16). 
Within several years, dilated thin-walled vessels are present 
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Figure 27-16. Nevus flammeus (port-wine stain). A, Lesion in 
infancy with normal-appearing vessels. B, Lesion in childhood with 
dilatation of some vessels. C, Lesion in adulthood with numerous 
dilated vessels filled with blood. (Courtesy of Seymour Rosen, M.D.) 
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within the upper dermis, and by adulthood, these vessels 
become increasingly dilated and filled with blood. Congeries 
of such vessels are responsible for the marked surface 
irregularities that characterize the older port-wine stain. 
Occasionally, polypoid masses develop showing the histo- 
logic features of arteriovenous malformations. These vessel 
changes correlate with the color changes (pink to purple) 
observed clinically. Nevus flammeus probably arises he- 
cause of congenital weakness of capillary walls within the 
dermis or weakness in the supporting connective tissue, and 
therefore does not represent a true vascular neoplasm of 
the skin. It is important to recognize, however, that a small 
number of port-wine stains have an associated cavernous 
hemangioma. Argon laser therapy in carefully selected pa- 
tients has provided good-to-excellent cosmetic results.” 


KAPOSI’S SARCOMA 


In its most characteristic form in the United States, 
this disease is a slowly progressive but malignant mes- 
enchymal neoplasm that most commonly occurs on the 
lower extrémities of men (male:female ratio is 10:1) aged 
40 to 70 years.** * Clinically, lesions consist of red-to- 
purple plaques containing multiple small papules and 
nodules on the legs, although lesions may occur any- 
where on the skin. Eventually, lesions enlarge and 
become coalescent to form purple-red spongy tumors 
that may be 7 cm or more in diameter. As hemosiderin 
becomes progressively deposited, these tumors acquire 
a brown color on clinical examination. In disseminated 
disease, cervical lymph nodes, salivary glands, and 
ocular glands are usually first involved, and hemorrhage 
from intestinal lesions is a common complication. This 
type of disseminated disease is characteristic in African 
children, in whom lymph node involvement often pre- 
cedes cutaneous and visceral lesions. Recently, a more 
aggressive form of Kaposi's sarcoma has been recognized 
predominantly in young adult male homosexuals with 


the acquired immunodeficiency syndrome (AIDS) (see 
p. 208). 


Histologically, early lesions of Kaposi's sarcoma may 
be extremely difficult to diagnose, resembling granulation 
tissue. However, the formation in anatomically anomalous 
parts of the dermis of angulated vessels containing endo- 
thelial cells with hyperchromatic nuclei and associated with 
a scant infiltrate of lymphocytes and plasma cells all suggest 
the possibility of an early lesion of Kaposi’s sarcoma. More 
advanced tumoral nodules of Kaposi’s sarcoma generally 
show (1) proliferation of small vessels lined with endothelial 
cells having large hyperchromatic nuclei; (2) proliferation of 
groups of spindle-shaped, somewhat pleomorphic cells hav- 
ing prominent dark nuclei; and (3) the presence of red blood 
cells in slitlike spaces not lined by endothelial cells (Fig. 
27-17). Hemosiderin-laden macrophages and spindle cells 
are frequently interspersed with proliferating vascular and 
slitlike spaces. At times, Kaposi's sarcoma may resemble 
stasis dermatitis, other neoplasms of vessels and pericytes, 
fibrosarcoma, and certain neural tumors. It is generally 
believed that the cell of origin in Kaposi's sarcoma is a 
multipotential mesenchymal cell that gives rise to both the 
vascular and the spindle-cell components of the tumor (see 
p. 543). 
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Figure 27-17. Kaposi's sarcoma, shawls a proliferation of spindle 
cells, vascular spaces, and numerous red blood cells (darkly staining 
cells). The latter are present both in vascular lumina and within 
slitlike spaces unlined by endothelial cells. 


In the U.S., Kaposi's sarcoma is an uncommon 
disorder, representing only 0.02% of all malignant tu- 
mors. In certain parts of Africa, however, it accounts 
for up to 12% of all malignancies of both children and 
adults. Unlike the U.S. form in which 10 to 20% of 
affected individuals die of the disease, the African 
variety frequently disseminates and has a fulminant 
course. In patients with AIDS, however, dissemination 
of the disease is more common, with a clinical course 
more akin to the African variety. 


XANTHOMAS 


Xanthomas are tumors characterized by collections 
of foamy histiocytes. They occur in all races and both 
sexes, in many cases in association with familial (p. 515) 
or acquired disorders leading to hyperlipidemia (e.¢., 
biliary cirrhosis, pancreatitis, and diabetes mellitus). 
Xanthomas also occur in association with malignancies,” 
especially lympho- and myeloproliferative types. In 
many individuals, however, xanthomas arise without an 
underlying disorder. On the basis of their clinical ap- 
pearance and location, xanthomas are classified into five 
principal types; eruptive, tuberous, and tendon xantho- 
mas; plane xanthoma; and xanthelasma. To some extent, 
metabolic abnormalities can be correlated with the type 
of xanthoma. 


Eruptive xanthomas usually occur as sudden showers 
of numerous small, soft, yellow papules that come and go 
as plasma triglycerides and lipids wax and wane. They occur 
on the buttocks, posterior thighs, knees, and elbows. Tu- 
berous and tendinous xanthomas occur as yellow nod- 
ules; the latter frequently are found on the Achilles tendon 
and the extensor tendons of fingers. Plane xanthomas 
occur in the skin folds, especially palmar creases. Xanthe- 
lasma refers to soft yellow plaques on the eyelids. 


All xanthomas are characterized by the presence of 
histiocytes with foamy or granular pink cytoplasm. Choles- 
terol (free and esterified), phospholipids, and triglycerides 
are found in these cells. The histologic picture varies from 
case to case depending on the number of foamy histiocytes, 
the presence or absence of inflammatory cells, and the 
degree of fibrosis. Xanthelasma, for example, characteristi- 
cally exhibits foam cells with no accompanying inflammation 
or fibrosis. 


MASTOCYTOSIS (INCLUDING 
URTICARIA PIGMENTOSA) 


The term mastocytosis refers to a group of uncom- 
mon but fascinating disorders characterized by increased 
numbers of mast cells in the skin and other organs. The 
condition is manifested clinically by skin lesions, usually 
small brown papules and plaques; urticarial lesions may 
develop after trauma to these sites. It is believed that 
release of chemical mediators from mast cell granules 
in these lesions is responsible for urticaria and flushing 
(two common symptoms of the disease) in patients with 
mastocytosis. 

Over 50% of patients with mastocytosis are children 
and infants who develop a localized cutaneous form of 
the disease called urticaria pigmentosa. In adults, the 
disease may be localized to the skin or may also involve 
other organs, e.g., liver, spleen, lymph nodes, and most 
frequently bone, where both localized and generalized 
osteoclastic and osteoblastic lesions are present (systemic 
mastocytosis). There is evidence that in a small number 
of patients the disease is inherited.” 

Many of the signs and symptoms of mastocytosis 
are due to the effects of histamine, heparin, and other 
substances released by mast cells. Although approxi- 
mately 50% of patients with cutaneous lesions are 
asymptomatic, others experience some of the following 
classical signs and symptoms: (1) Darier’s sign, an ery- 
thematous wheal that occurs on firm rubbing of lesions; 
(2) dermatographism, an urticaria that occurs on firm 
rubbing of apparently normal skin in patients with 
mastocytosis; (3) pruritus and flushing, triggered by hot 
baths, rubbing, spicy foods, cheese, alcohol, and drugs, 
including morphine, codeine, and aspirin; (4) rhinor- 
rhea, excessive nasal discharge; (5) formation of vesicles 
and bullae following rubbing or minor trauma of infantile 
skin; (6) melena and epistaxis, uncommon symptoms 
probably due to the anticoagulant effect of heparin; and 
(7) bone pain, due to osteoclastic and osteoblastic lesions 
in systemic disease. 

Clinically, there are five variants of mastocytosis: 
urticaria pigmentosa, solitary mastocytoma, systemic 
mastocytosis, telangiectasia macularis eruptiva perstans 
(TMEP), and diffuse cutaneous mastocytosis. The last 
two variants are rare and will not be discussed in this 
section. Urticaria pigmentosa is the most common type 
and usually occurs in infancy, throughout childhood, 
and in young adulthood. Skin lesions are multiple and 
widely distributed, and consist of oval-to-round, red- 
brown macules and papules. The prognosis for these 
patients is generally good. Solitary mastocytoma rep- 
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resents approximately 10% of cases of mastocytosis and 
occurs at birth or within a few weeks thereafter. Con- 
sisting of one to several grouped skin nodules, these 
lesions are often pruritic and blistering, or flushing may 
be observed. Like urticaria pigmentosa, the prognosis 
is generally favorable. Another 10% of patients with 
mastocytosis have systemic mastocytosis; this type affects 
patients of all ages and is characterized by mast cell 
infiltrates of bone, liver, spleen, and lymph nodes, as 
well as skin. The course is progressive, with attacks of 
syncope, hypotension, tachycardia, and sometimes 
shock, and the prognosis is poor. 


Other Tumors 


In all types of mastocytosis, the common denominator 
is the increased number of mast cells in the skin. In macular 
and papular lesions, there are increased numbers of spin- 
dle- to stellate-shaped mast cells loosely distributed in the 
papillary dermis. Nodules or erythematous plaques may 
have large numbers of tightly packed, round-to-oval mast 
cells within the upper to mid dermis. Melanin incontinence 
(loss of melanin pigment into the papillary dermis and 
phagocytosis by dermal macrophages) frequently occurs in 
lesions and is responsible for their brown coloration on 
Clinical examination. Exudation of fluid, presumably due to 
excessive release of histamine, may lead to subepidermal 
vesicles and bullae in some lesions. 

Mast cell granules are best visualized by metachromatic 
stains such as Giemsa and toluidine blue. Lesions in which 
mast ceils have partially or completely degranulated (e.g., 
traumatized lesions) may be difficult or impossible to diag- 
nose histologically. 


OTHER TUMORS 


The cutaneous tumors discussed above arise from 
either the epidermis or the dermis. In contrast, some 
tumors arise at distant sites or involve cells of other 
organ systems (e.g., hematopoietic system, lymphoid 
organs, or other viscera) and either begin in or show a 
tropism for the skin, so that their initial clinical pres- 
entation may be that of a cutaneous lesion. Three 
disorders with these characteristics are mycosis fun- 
goides, histiocytosix X, and metastatic carcinoma to the 
skin. 


MYCOSIS FUNGOIDES 


This T-cell lymphoproliferative disorder of the skin 
in some cases evolves into generalized lymphoma.” 
Males are more often involved than females, in a ratio 
of 2:1. Mycosis fungoides may occur at any age but 
usually affects persons aged 40 to 60 years. The clinical 
course can vary from chronic (lasting up to 20 years) to 
rapidly progressive. One-third of patients die from 
causes unrelated to their disease. A minority follow a 
rapid downhill course after the first presentation of 
disease. Lymph node, hematogenous, and visceral in- 
volvement foreshadow a rapid decline. 


Lesions characteristic of mycosis fungoides. include 
eczema-like, plaquelike, and tumor-type or nodular le- 
sions. Eczema-like lesions are usually seen in early phases 
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of mycosis fungoides and consist of pruritic red, purple, or 
brown patches with irregular but well-defined borders. They 
resemble those of eczematous dermatitis not related to 
mycosis fungoides, but tend to be refractory to conventional 
therapy. Visceral involvement by mycosis fungoides is not 
associated with the eczema-like phase. 

Plaquelike lesions develop as the disease progresses 
and consist of Irregularly outlined, slightly indurated, rubbery 
plaques and nodules. The face and scalp are often involved. 
In the plaque stage, lymph node and visceral involvement 
may become evident. Despite persistent treatment, clearing 
of plaques is often only temporary. 

Tumor-type lesions are seen in the late stages of 
mycosis fungoides and consist of multiple large (up to 10 
cm and more across), round or irregularly shaped, red- 
brown tumors that are frequently ulcerated. The name my- 
cosis fungoides refers to the mushroom-like appearance of 
tumor-type lesions. There is usually evidence of involvement 
of lymph nodes and other viscera (spleen, lungs, liver, 
kidney, and gastrointestinal tract) in the tumor stage. 

Histologically, the eczema-like phase exhibits epidermal 
hyperplasia and prominent exocytosis. A loose polymor- 
phous infiltrate of lymphocytes, histiocytes, eosinophils, 
plasma cells, and mast cells is present in the upper dermis 
around and between vessels. Findings that permit the di- 
agnosis of mycosis fungoides include the presence of nu- 
merous mycosis cells in the dermal infiltrate and Pautrier’s 
microabscesses. Mycosis cells are atypical lymphoid cells 
with hyperchromatic, markedly convoluted nuclei. Cell 
marker studies indicate that these cells are derived from T 
cells predominantly of the helper/inducer phenotype.** *° 
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Figure 27-18. Mycosis fungoides, plaque stage. A, Dense poly- 
morphous infiltrate including many hyperchromatic lymphoid cells 
fills dermis and extends into epidermis, forming B, Pautrier’s mi- 


croabcesses. 


Figure 27-19. Mycosis fungoides, early (eczema-like) stage. In 1- 
micron thick, plastic-embedded sections, characteristic mycosis cells 
with convoluted nuclear contours are evident within epidermis. 


Pautrier's microabscesses consist of mycosis cells located 
within nonspongiotic intraepidermal vesicles. Interestingly, 
recent immunologic studies have demonstrated that these 
microabscesses consist of malignant T lymphocytes clus- 
tered about epidermal Langerhans cells,*°° a relationship 
reminiscent of interactions occurring during antigen presen- 
tation in allergic contact dermatitis! 

Plaquelike lesions (Fig. 27—18) exhibit epidermal hyper- 
plasia and exocytosis, with the formation of well-defined 
Pautriers microabscesses. A dense, bandlike, polymor- 
phous infiltrate of the upper dermis and a perivascular 
infiltrate of the mid and lower dermis are typical. The number 
of mycosis cells is increased over that seen in eczema-like 
lesions and can compose 20% or more of infiltrating cells. 

Tumor-type lesions may be associated with epidermal 
hyperplasia as in the preceding phases, but a thin or even 
ulcerated epidermis can be present overlying the tumor. The 
tumor-type lesions are characterized by extensive dense 
polymorphous infiltrates involving the dermis and sometimes 
the subcutis. Mycosis cells may make up 40 to 100% of the 
infiltrate. 

In early lesions of mycosis fungoides, the histologic 
changes may mimic eczematous dermatitis (p. 1282). How- 
ever, spongiosis is generally not associated with exocytosis 
in mycosis fungoides,*' as is the case in exocytosis seen in 
eczematous dermatitis. In difficult cases, thin, plastic-embed- 
ded sections of tissue (1-micron sections) aid in revealing 
characteristic mycosis cells in the epidermis (Fig. 27-19). A 
premalignant forerunner of mycosis fungoides, parapsoriasis 
en plaques (p. 1293), shows some but not all of the histologic 
features described above, and serial biopsies over time are 
required to assess the evolution of this disorder. 


HISTIOCYTOSIS X 


Histiocytosis X has been described in detail in a 
previous chapter (p. 694). However, because this con- 
dition appears to represent an abnormal proliferation of 
Langerhans cells, its histology in the skin will be 


briefly discussed here. Like neoplastic T cells in mycosis 
fungoides, the cells in histiocytosis X are not derived 
primarily from the skin. Langerhans cells are believed 
to originate in the bone marrow, and histiocytosis X 
cells, like Langerhans cells, contain Birbeck granules. 
Interestingly, histiocytosis X cells also express thymo- 
cyte differentiation antigens (T6 and T4),* * antigens 
common to Langerhans and T cells.* Thus, it appears 
that these cells are indeed abnormal Langerhans cells. 
Because T cells show a propensity for migration into the 
epidermis, the expression of T-cell antigens by histio- 
cytosis X cells may relate to their tendency to be found 
in the epidermis (epidermotropism). 


Histologically, histiocytosis X involving the skin may 
have several patterns, all of which may show marked epi- 
dermal involvement. The first takes the form of a dermal 
infiltrate of large, round-to-ovoid cells with pale pink cyto- 
plasm containing reniform and indented nuclei admixed with 
variable numbers of eosinophils. A second pattern is of 
similar cells but grouped in aggregates resembling granu- 
lomas. A third is characterized by cells with abundant, foamy 
(xanthomatous) cytoplasm. Variations in histology, including 
nuclear atypia, do not appear to correlate with biologic 
behavior.** When lesions are poorly differentiated, electron 
microscopy to document Birbeck granules*®* may aid in 
assigning a correct diagnosis. 


METASTATIC CARCINOMA 


Metastatic carcinoma to the skin occurs in 3 to 4% 
of all visceral malignancies.*° The primary tumor can 
also be located in the skin itself. The breast is the most 
common primary site in women (63%); in men, the most 
common sites are the lung (28%) and colon (25%). 

Clinically, metastatic tumors to the skin present as 
dermal or subcutaneous nodules that are firm and 
sometimes ulcerated. Metastases may also appear as 
papules or plaques and, in the case of inflammatory 
carcinoma of the breast, as swollen, warm, deeply 
erythematous areas of the skin. Sclerotic patches of 
alopecia resembling scleroderma are sometimes associ- 
ated with metastatic breast carcinoma. Carcinoma en 
cuirasse (French, breastplate), also associated with 
breast carcinoma, consists of diffuse infiltration of chest 
skin and soft tissue by cancer cells, whereas inflamma- 
tory carcinoma refers to brawny induration resulting 
from lymphatic obstruction by tumor cells in superficial 
dermal lymphatic vessels (p. 1185). 

Histologically, most cases of metastatic carcinoma 
usually involve primarily the dermis; subsequent spread 
upward into the epidermis and downward into the 
subcutis may be seen. Breast carcinoma may infiltrate 
the dermis in cords (Fig. 27-20) and resemble dermal 
nevus cells, or may elicit a marked fibrotic response 
resembling scar tissue. Certain tumors, however, char- 
acteristically involve the epidermis, e.g., Paget’s disease 
associated with breast carcinoma (p. 1181). Alterna- 
tively, some forms of Paget’s disease appear to arise 
primarily from totipotential cells of the epidermis and 
adnexae. In these cases the malignant cells within the 
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Common Disorders of Pigmentation 


cells infiltrate among bundles of reticular dermal collagen. 


epidermis often show features of apocrine differentia- 
tion, although they may at times be confused with 
melanoma cells, and malignant squamous cells. Paget's 
disease arising independent of an underlying dermal or 
visceral malignancy is more common in apocrine-rich, 
extramammary sites, such as the perineum, genital skin, 
and axilla. 


COMMON DISORDERS OF 
PIGMENTATION 


The biology of skin pigmentation is a vast and 
colorful subject. Description of the common disorders 
that follow only begins to touch upon the large number 
of complex pigmentary disorders that have been studied. 


FRECKLES 


The freckle (ephelis) is the most common pig- 
mented lesion of childhood in light-skinned Caucasians. 

Freckles are tan-to—light brown macules, varying 
in size from 1 to 10 mm and having slightly irregular 
borders. Freckles first appear in early childhood after 
exposure to the summer sun. They characteristically 
fade in winter and reappear after sun exposure in 
summer. Histologically, there is increased melanin dep- 
osition in the basal cell layer. Melanocytes in a freckle 
are larger than normal and number the same as or 
slightly less than those in adjacent normal skin. 


MELASMA 


Melasma is a masklike hyperpigmentation, com- 
monly occurring in pregnant women; hence, its name 
“the mask of pregnancy.” 

Melasma affects the face as a large flat area of 
blotchy light and dark brown pigmentation involving 
portions of the cheeks, temples, and forehead; often the 
hyperpigmentation is bilateral. Apart from its association 
with pregnancy, melasma may occur following admin- 


1274 


istration of progestational agents or hydantoins or may 
be of idiopathic origin in both sexes. Sunlight accen- 
tuates the areas of hyperpigmentation. Melasma asso- 
ciated with pregnancy often resolves spontaneously. 


THE SKIN 


Histologically, two patterns have been recognized;*’ an 
epidermal type in which there is increased melanin depo- 
sition in the basal and suprabasal layers, and a dermal type 
characterized by melanin-laden macrophages in the papillary 
dermis. These two types may be histologically distinguished 
by examination with a Wood's light. This is important be- 
cause melasma of the epidermal type may respond to 
topically applied hydroquinone. 


The pathogenesis of melasma appears to relate to 
functional alterations in melanocytes leading to in- 
creased melanin production and transfer. These altera- 
tions may be induced in certain individuals by a variety 
of factors, including persistent exposure to sunlight, 
circulating hormones, and genetic predisposition. 


VITILIGO 


Vitiligo* is a common disorder of unknown etiology 
characterized by skin depigmentation. All races are 
affected, but vitiligo is more noticeable in dark-skinned 
persons and may be the cause of severe emotional 
stresses and (in some countries) of social and economic 
discrimination. It is marked clinically by completely 
depigmented flat patches of bizarre and irregular con- 
figuration (Fig. 27-21). The size of depigmented areas 
varies considerably, from inches to feet. Vitiligo pri- 
marily involves the wrists, axillae, and perioral, perior- 
bital, and anogenital skin, although any part of the body 
may be involved. 


Histologically, there is complete absence of melano- 
cytes; this change can be documented by electron micros- 


Figure 27—21. Vitiligo. The highly irregular pattern of depigmentation 
is associated with loss of melanocytes. The small round areas of 
pigmentation may represent repigmentation and repopulation by 
melanocytes associated with hair follicles. 


copy or sections stained for DOPA (dihydroxyphenylalanine, 
a melanin precursor). This is in contrast to albinism, in 
which melanocytes are present but no melanin is produced 
because of a lack of or defect in tyrosinase. 


Although the etiology and pathogenesis of vitiligo 
are unclear, there is often a family history of the 
condition. Theories of pathogenesis include (1) autoim- 
mune causation, (2) neurohumoral factors, and (3) self- 
destruction of melanocytes by toxic intermediates of 
melanin synthesis. Most evidence supports autoimmune 
causation and focuses on the presence of circulating 
antibody against melanocytes and other melanin-pro- 
ducing cells,*® and the association of vitiligo with disor- 
ders possibly involving autoimmune mechanisms such 
as pernicious anemia, Addison’s disease, and thyroid 
disease. 


ACANTHOSIS NIGRICANS 


This term describes a clinical lesion characterized 
by thickened, pigmented skin most commonly involving 
flexural areas including the axillae, back and sides of the 
neck, groin, and anogenital areas. Any area of the skin 
may be involved, however, including the palms, soles, 
and mucous membranes, especially the oral cavity. 
Although this condition may at times resemble postin- 
flammatory hyperpigmentation, it has distinctive clini- 
cal and histologic features. 

Acanthosis nigricans may be associated with under- 
lying benign or malignant conditions, and is accord- 
ingly divided into two types.*! The benign type develops 
gradually and is not extensive, sparing the distal extrem- 
ities. It is more common in childhood and puberty and 
constitutes about 80% of all cases. It can occur (1) as an 
autosomal dominant trait of variable penetrance; (2) in 
association with obesity or endocrine abnormalities, 
especially pituitary and pineal tumors and diabetes; and 
(3) as part of a variety of congenital syndromes (e.g., 
Lawrence's, Rud’s). The malignant type affects middle- 
aged and older individuals and is associated with ade- 
nocarcinoma, especially of gastric origin. Lymphoretic- 
ular malignancies and squamous cell carcinoma are less 
frequent associations. In more than 50% of cases, skin 
changes and tumor present simultaneously, but either 
feature alone may precede the other. 


Histologically, all types of acanthosis nigricans show 
hyperkeratosis and papillomatosis of the epidermis, but not 
true thickening (acanthosis). Slight basal layer hyperpigmen- 
tation may also be present, although both the texture and 
color of this lesion clinically appear to result from the 
epidermal changes and not the increased melanin pigment. 


MELANOCYTIC PROLIFERATIVE 
LESIONS 


These include a number of commonly occurring pig- 
mented lesions such as lentigines and nevi as well as 


malignant melanoma, an awesome tumor of melanocytes 
that is the most common fatal malignant tumor of the 
skin. 


LENTIGO 


Lentigo (nevus spilus,® lentigo simplex) refers to a 
common benign pigmented proliferation of epidermal 
melanocytes occurring at all ages but often in infancy 
and childhood. It has no sex or racial predilection, and 
its etiology and pathogenesis are unknown. These le- 
sions may involve mucous membranes as well as skin, 
and appear as small (5- to 10-mm), oval, tan-brown 
macules. 

The essential histologic features of lentigo (Fig. 27— 
22) are hyperplasia of melanocytes and hyperpigmenta- 
tion of the basal layer of the epidermis. The melanocytes 
are disposed singly along the dermoepidermal junction. 
Elongation of rete ridges is also commonly noted in 
lentigo. In contrast, freckles exhibit hyperpigmentation 
of the basal layer but only normal or decreased numbers 
of melanocytes. In addition, freckles darken on exposure 
to ultraviolet light, whereas lentigines do not. 


NEVOCELLULAR NEVUS (PIGMENTED NEVUS, 
MOLE) 


The term “nevus” denotes any congenital lesion of 
the skin (e.g., nevus flammeus, p. 1269). Nevocellular 
nevus, however, specifically refers to a benign acquired 
or congenital tumor of neural crest-derived cells that 
include modified melanocytes of variable shapes (nevus 
cells). Clinically, nevocellular nevi generally are tan-to— 
deep brown, uniformly pigmented, small papules with 
well-defined, rounded borders (Fig. 27-23). There are 
numerous clinical and histologic types of nevocellular 
nevi, and the clinical appearance may be quite variable. 
For example, true congenital nevocellular nevi may be 


Figure 27-22. Lentigo, showing elongation of rete ridges and basal 
layer hyperpigmentation. Dark cells in dermis are melanin-laden 
macrophages. 
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Figure 27-23. Nevocellular nevus. Lesion consists of a small, 
uniformly pigmented papule with regular, well-defined borders. 


large and contain numerous hairs; blue nevi, which may 
be congenital or acquired, have a blue-black color that 
may be confused with certain malignancies of melano- 
cytes; and the usually acquired spindle and epitheloid 
nevi in children are rapidly growing lesions with a 
characteristic pink-to-red color. The more common ne- 
vocellular nevi are the acquired type (noncongenital) 
that appear during childhood and early adulthood. Con- 
genital nevocellular nevi are less common than acquired 
nevocellular nevi and are usually noted at birth. 


Histologically, all nevocellular nevi, both acquired and 
congenital, are composed of aggregates of nevus cells. 
These cells are more rounded than normal melanocytes and 
contain ovoid, uniform nuclei without prominent nucleoli. 
However, this morphologic appearance may vary consider- 
ably according to the various types of nevi, and cells may 
appear cuboidal, epithelioid, fusiform, dendritic, multinucle- 
ated, or ballooned. Although certain histologic variations 
may be more typical of acquired versus congenital nevocel- 
lular nevi, no single cell type is absolutely characteristic for 
either. Thus, all nevocellular nevi, regardless of their time of 
Origin, may show considerable variability in histologic ap- 
pearance. 

Most nevi begin as well-defined rounded aggregates of 
nevus cells (nests) within the lower epidermis at the 
dermoepidermal junction (Fig. 27-24). Lesions with this 
histologic appearance are called junctional nevi and gen- 
erally are small and flat or only slightly raised clinically. 
Pigmented moles on the central surface of the hands and 
feet and on the genitalia tend to be of the junctional type at 
time of biopsy. 

Eventually, nevus cells begin to grow into the dermis, 
and when the junctional (intraepidermal) and dermal com- 
ponents are present together, the lesion is called a com- 
pound nevus (Fig. 27-25). Eventually, the junctional com- 
ponent is lost and the nevus cells lie exclusively within the 
dermis (dermal nevus). Both compound and dermal nevi 
tend to be more elevated than junctional nevi. When nevus 
cells grow into the dermis, they begin to differentiate into a 
variety of patterns. Large pigmented nevus cells in nests 
within the superficial dermis (type A cells) may elongate into 
cords of less heavily pigmented cells (type B cells) as they 
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Figure 27-24. Junctional nevus. Nests of nevus cells are located 
in lower epidermis and at tips of rete ridges. 


extend more deeply into the dermis (Fig. 27—26). Within the 
deepest portion of the dermis, and particularly in older 
lesions, nevus cells become smaller and more elongate, and 
begin to resemble cells comprising neural structures (type 
C cells). This process, termed neurotization, may be dra- 
matic, and nevus cells may be organized in such a way 
as to tend to recapitulate normal neural structures, such 
as Meissner corpuscles (Fig. 27-27). These sequential 
changes of nevus cells in the dermis indicate normal “mat- 


Figure 27-25. Compound nevus. Nests of nevus cells are present 
both at dermoepidermal junction and within dermis. 
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uniform, round-to-ovoid nevus cells (type B cells) within papillary 
dermis. 


uration” of the lesion with age and constitute an important 
histologic indication of their benign nature. 

Congenital pigmented nevocellular nevi* vary widely 
in size. Some involve large areas of the body surface in a 
garment-like distribution (giant hairy nevi and bathing trunk 
nevi), whereas others range in diameter from 1 mm to 
several centimeters (Fig. 27—28). Unlike acquired nevi, con- 
genital nevi have nests in the external root sheath of hair 
follicles, along ductular epithelium, and even in sebaceous 
glands and hair bulbs, in addition to within the epidermis. 
The nevus cells are indistinguishable from those of acquired 
nevi and, as lesions age, pass from intraepidermal nests 
into the dermis, or may be present in the dermis at birth. 


Figure 27—27. Dermal nevus cells with marked neural differentiation 
at deepest portion of lesion. Structures resembling Meissner cor- 
puscles are formed by the nevus cells. 


Fiji 27--28. Congenital nevus of foot. The large size and animal 
skin-like quality of this pigmented lesion are characteristic of large 
congenital nevi. 


Abnormalities and deformities of follicular epithelium, 
sweat ducts, and arrectores pilorum muscles are frequently 
associated with congenital nevocellular nevi. Nevus cells are 
commonly found in intimate association with neurovascular 
bundles within the dermis. Furthermore, nevus cells com- 
monly extend deeply into the dermis (Fig. 27-29), may 
involve subcutaneous fat, and (when present on the scalp) 
may infiltrate the galea aponeurotica. Thus, the disposition 
of the nevus cells and associated structural abnormalities 
suggests a diffuse hamartomatous process. This character- 
istic of diffuse permeation of abnormal dermis and subcutis 
by nevus cells frequently results in difficulty in adequate 
surgical removal of congenital nevocellular nevi. 

Specific morphologic variants of nevocellular nevi in- 
clude the blue nevus, the cellular blue nevus, the halo nevus, 
and the Spitz nevus. In general, these specific variants are 
acquired lesions. 

The blue nevus is composed of dendritic, spindle- 
shaped melanoctyes localized in the dermis. These dendritic 
melanocytes (blue nevus cells) have slender cytoplasmic 
processes and contain fine melanin granules. They are often 
associated with melanin-laden macrophages in a sclerotic 
dermis (Fig. 27-30). 
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Figure 27-29. Congenital nevocellular nevus. Reticular dermis is 
permeated by small nevus cells that surround appendages and 
small nerve twigs (inset). 
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Figure 27-30. Blue nevus in deep conan Elongate nevus cells are 


characteristically heavily pigmented, and dendritic processes may 
be easily observed (arrows). 


The cellular blue nevus shows a biphasic cell popu- 
lation of melanin-laden dendritic blue nevus cells alternating 
with whorled bundles of spindle cells occurring in the dermis 
and subcutaneous fat. Macrophages are usually numerous. 
Clinically, the cellular blue nevus is a dark plaque or nodule 
that usually occurs on the buttock or sacrococcygeal area. 

The halo nevus appears clinically as a central pig- 
mented mole with a peripheral halo of depigmented (and 
sometimes erythematous) skin (Fig. 27-31). Histologically, 
the central mole shows nevus cells with abundant eosino- 
philic cytoplasm and large nuclei intimately admixed with 
lymphocytes, histiocytes, and melanophages (Fig. 27-32). 
The halo is characterized by absence of pigmentation and 
of melanocytes. 

The Spitz nevus (spindle and epithelioid cell nevus) is 
composed of spindle and epithelioid cells located predomi- 
nantly in the dermis (Fig. 27-33). These cells are often 
highly infiltrative, but unlike melanoma, are arranged in 
discrete fascicles in which nevus cells appear to “rain down” 
into the dermis. Mitoses are sometimes present in the Spitz 
nevus, whereas they are extremely rare in the dermal 
components of other nevi. Large atypical cells and multinu- 
cleate cells may be prominent. 


Figure 27-31. Halo nevus. Central pigmented mole is surrounded 
by a hypopigmented rim (arrows). Because of hypopigmentation, 
the borders of these benign lesions may become irregular in contour. 
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Figure 27-32. Halo nevus. Superficial dermis contains numerous 
lymphocytes, melanin-laden macrophages, and rare residual nevus 
cells. 


The presence of dermal mitoses and nuclear atypism 
may invoke the possibility of melanoma, but the Spitz nevus 
(once termed “juvenile melanoma”) is clearly benign. Clini- 
cally, the Spitz nevus appears as a pink-tan papule or 
nodule, most often present on the face or extremities. It 
occurs more often in children than in adults. 


RELATIONSHIP BETWEEN MOLES AND MELANOMAS. 
Having discussed the histologic range of various nevi, 
we can now address the question of the relationship 
between nevi and malignant melanoma. Moles are very 
frequent; malignant melanoma is uncommon so that, at 
worst, malignant transformation of common moles must 
be very rare. However, some relationship is suggested 
by the fact that between 20 and 40% of patients with 


Figure 27-33. Spitz (spindle and epithelioid cell) nevus. The nevus 
cells are large, pale, and spindle shaped. Nevus cells tend to be 
arranged in fascicles and often appear to be “raining down” from 
epidermis into dermis. 
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malignant melanoma have evidence histologically of an 
associated nevus. It would, therefore, be of interest to 
determine which of the histologic types of nevi are more 
likely to undergo malignant transformation.* It is not 
clear whether junctional or compound nevi are more 
likely to undergo malignant change. Two exceptions to 
this, however, are certain large congenital nevocellular 
nevi and the dysplastic nevus (see below). 

Although the risk of malignant transformation in 
small congenital nevi is as yet undefined, 9% to 10% of 
giant congenital nevocellular nevi at some point evolve 
into malignant melanoma. Estimates of frequency vary 
widely, however, and may be misleadingly high, since 
only those patients with congenital nevocellular nevi 
who develop melanoma tend to be reported. Malignant 
change often occurs at an early age (generally by age 
10). Why congenital nevi give rise to malignant mela- 
noma is not currently understood. It is possible that 
nevus cells that proliferate during fetal development 
may prove to be immunologically or biochemically dif- 
ferent populations from those that evolve after birth. 

One recognized pigmented nevus with a clear 
association with malignant transformation is the large 
atypical (or B-K) mole, also known as the dysplastic 
nevus.” Clinically, large atypical moles are slightly 
elevated, pink-brown lesions with irregular borders and 
almost invariably a flat (macular) component with a 
diameter often greater than 1 cm (Fig. 27-34). Patients 
may have hundreds of these lesions; unlike ordinary 
acquired moles, they frequently are present on skin not 
exposed to sun, as well as on sun-exposed sites. Such 
nevi have been reported to occur as multiple lesions in 
families exhibiting a tendency to develop malignant 
melanoma (heritable melanoma syndrome).* Histologi- 
cally, large atypical moles or dysplastic nevi are com- 
pound nevi with lentigo-like (lentiginous) melanocytic 
hyperplasia, variable atypism of intraepidermal melan- 
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Figure 27-34. Large atypical (B-K) mole or the so-called dysplastic 
nevus. The lesion histologically is a lentiginous compound nevus 
with cytologic dysplasia of nevus cells and characteristic sclerosis 
of papillary dermal collagen (arrow). Clinically (inset), lesions are 
unevenly pigmented and have irregular borders. 


ocytes and nevus cells, and distinctive fibrosis of the 
superficial papillary dermis (Fig. 27-34). Lymphocytic 
infiltration, vascular proliferation, and melanin pigment 
incontinence are frequently present in the papillary 
dermis. When melanoma arises in these lesions, it 
appears to originate from lentiginous dysplastic melan- 
ocytes. The characteristic clinical and histologic appear- 
ances of many of these lesions allow for the identification 
of individuals and kindreds statistically at risk of devel- 
oping malignant melanoma, and careful observation of 
these patients should lead to the detection of melanoma 
at surgically curable stages. 


MALIGNANT MELANOMA 
Malignant melanoma*” “ refers to a malignant neo- 
plasm of melanocytes and accounts for 1 to 3% of all 
cancers. Although the peak incidence of melanoma is 
between the ages of 40 and 60 years, it has been 
observed in every age group. This tumor occurs most 
often in the skin but also in the oral cavity, esophagus, 
anal canal, vagina, leptomeninges, on conjunctivae or 
within the eye. Malignant melanoma is classified into 
four types: (1) superficial spreading melanoma, (2) len- 
tigo maligna melanoma, (3) acral-lentiginous melanoma, 
and (4) nodular melanoma.* © Each type exhibits dis- 
tinct histologic features, but the following clinical ob- 
servations pertain to all types. 

Most melanomas apparently arise de novo, but 
some (20% or more, depending on the series reviewed) 
appear to arise in association with a preexisting benign 
nevus. The large atypical mole (p. 1278) and some 
congenital nevocytic nevi are regarded as definite pre- 
cursor lesions of malignant melanoma. A small number 
of melanomas arise in association with xeroderma pig- 
mentosum (p. 241) or as cases of familial melanoma. 
Melanoma has also been reported following trauma, as 
at the site of a vaccination scar. 

Clinical differentiation between benign moles and 
melanoma is important and is possible with our current 
knowledge of the clinical manifestations of melanoma. 
The informed observer can today diagnose melanoma 
with a clinical accuracy approaching 90%, whereas re- 
sults in a 1952 study”! indicate accurate clinical diagnosis 
in only 30% of cases. Two distinct features of these 
lesions” help in the clinical differentiation—color and 
border. Nevi usually exhibit only shades of tan to dark 
brown, whereas melanomas show areas of red, white, 
or blue in addition to brown and black. Melanomas 
typically show irregular borders with notching and strik- 
ing protrusions (Fig. 27-35), whereas nevi have regular, 
well-circumscribed borders. 


Fundamental to the biology of malignant melanoma are 
two distinct patterns of growth, monophasic and biphasic 
(Fig. 27-36). °* The monophasic pattern characterizes a 
melanocytic neoplasm that probably originates within the 
epidermis, but infiltrates into the papillary and reticular der- 
mis before significant intraepidermal growth occurs. The 
biphasic pattern consists of an initial radial or predominantly 
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Figure 27-35. Malignant melanoma, superficial spreading type. 
Raised and flat areas, marked variability of pigmentation, and 
extremely irregular borders with notching and protrusions are pres- 
ent. 


intraepidermal growth phase, characterized by proliferation 
of malignant melanocytes within the epidermis, often accom- 
panied by single-cell invasion of the papillary dermis; and a 
vertical growth phase, typified by formation of an expansile 
nodule that widens the papillary dermis and invasion of the 
reticular dermis and subcutaneous fat by malignant cells. 
Melanomas with biphasic growth patterns may exist in the 
radial phase for many months to years, and usually do not 
acquire metastatic potential until vertical growth develops. 
The development of a vertical growth phase is heralded 
clinically by elevation or nodularity in a lesion that previously 
was relatively flat. The level and depth of vertical growth is 
of prognostic significance and will be discussed in detail 
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Figure 27-36. Schematic representation of growth patterns in 
malignant melanoma. Radial growth (horizontal arrow) is growth 
confined to epidermis with or without single cell invasion of papillary 
dermis; vertical growth (vertical arrow) is signified by filling and 
expansion of papillary dermis and invasion of reticular dermis and 
subcutaneous fat. Anatomic levels of invasion are |, malignant cells 
confined to epidermis; II, single cell invasion of papillary dermis: Ill, 
filling and expansion of papillary dermis; IV, invasion of reticular 
dermis; and‘V, infiltration of subcutaneous fat. 
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later in this section. Nodular melanoma exhibits only a 
monophasic (vertical) pattern of growth, whereas superficial 
spreading melanoma, lentigo maligna melanoma, and acral- 
lentiginous/mucosal melanoma demonstrate a biphasic pat- 
tern of growth. Recognition of the monophasic and biphasic 
growth patterns facilitates understanding of the clinical be- 
havior and histologic evolution of malignant melanoma. 
Superficial spreading melanoma occurs anywhere on 
the skin or mucosa, but common sites are the lower legs of 
women and the chest and back of men. The mean age of 
patients is 56 years. This type of melanoma is rarely more 
than 2 to 3 cm across and appears as a slightly raised 
nodule or plaque with bizarre coloration. Brown, black, pink, 
rose, gray,white, and blue colors may be observed. Irregular 
borders with indentations and protrusions are characteristic 
(Fig. 27-35). Unlike nevus cells, superficial spreading mel- 
anoma cells are large, and have abundant pink granular 
cytoplasm and highly pleomorphic nuclei containing periph- 
erally clumped chromatin and prominent nucleoli (Fig. 27— 
37). During the radial phase of growth, which may last for 
many months, malignant cells grow primarily in the epider- 
mis, forming aggregates as well as single cells at various 
levels of the epidermis. This single-cell invasion of the 
epidermis may superficially resemble Paget’s disease in 
breast skin and is called pagetoid spread. Eventually, tumor 
cells begin to invade the dermis, filling and expanding the 
papillary dermis, and then extending into the reticular dermis 
and subcutaneous fat (Fig. 27-38). At this point, unlike 
tumors growing principally within the epidermis, the mela- 
noma has acquired the potential for metastatic spread. 
Lentigo maligna melanoma is a type of melanoma in 
the vertical phase of growth that arises in a radial growth 
phase called lentigo maligna (melanotic freckle of Hutch- 
inson). Characteristically, lentigo maligna arises on sun- 
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Figure 27-37. Superficial spreading melanoma, radial growth 
phase. The highly pleomorphic malignant cells show prominent 
pagetoid invasion of epidermis (right side of picture). The lesion is 
arising in association with nevocellular nevus (left side of picture). 


Figure 27-38. Superficial spreading melanoma, vertical growth 
phase. Coalescent nests of malignant cells are filling and expanding 
papillary dermis and invading into reticular dermis. 


damaged facial skin in middle-aged to elderly patients. 
Clinically, lentigo maligna is a large (up to 6 cm or more), 
solitary, brown-black macule with irregular borders, and has 
been likened to an “ink stain” (Fig. 27-39). Lentigo maligna 
may grow slowly for years before it invades the dermis and 
becomes lentigo maligna melanoma. Histologically, lentigo 
maligna is characterized by linear growth of atypical melan- 
ocytes along the basal portion of an atrophic epidermis (Fig. 
27-40). Unlike the situation in superficial spreading mela- 
noma, these atypical cells extend down the external root 
sheaths of hair follicles, and in both radial and vertical growth 
phases are variable and fusiform in shape and contain 
pleomorphic, hyperchromatic nuclei (Fig. 27—41). Pagetoid 
spread into the epidermis is unusual. The vertical growth 
phase of lentigo maligna melanoma often shows a spindle- 
cell composition and may mimic malignant tumors of fibro- 
blasts, smooth muscle, or neural elements. 
Acral-lentiginous melanoma describes a variant of 
malignant melanoma that shows some histologic similarities 
to lentigo maligna melanoma, but arises in association with 
epidermal hyperplasia (Fig. 27—42) and often contains ma- 
lignant cells with prominent dendrites. This type of melanoma 
also commonly involves mucosal surfaces. Acral-lentiginous 
melanomas usually present on the distal extremities, partic- 


Figure 27-39. Lentigo maligna. This large macule on sun-damaged 
skin of cheek exhibits irregular borders and irregularities in colora- 
tion. 
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Figure 27—40. Lentigo maligna, showing pleomorphic and atypical 
melanocytes at dermoepidermal junction extending down along 
external root sheaths of hair follicles. Dermal invasion is absent. 


ularly in Orientals. These lesions may go undiscovered for 
long periods, particularly when they occur in the web space. 
Unlike the other types of malignant melanoma with biphasic 
growth, acral-lentiginous melanomas often develop exten- 
sive vertical growth phases without becoming raised or 
nodular clinically. Mucosal melanomas most commonly arise 
on the vulva or vaginal mucosa, and account for 3% to 7% 
of all melanomas in women and for 8% to 11% of all vulvar 
malignancies.®> The vertical growth phase of mucosal mel- 
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Figure 27—41. Lentigo maligna melanoma. Spindle-shaped malig- 
nant melanocytes containing ovoid, hyperchromatic nuclei (inset) 
are invading papillary and reticular dermis beneath an atrophic 
epidermis. 
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nant melanocytes infiltrate from a hyperplastic epidermis into un- 
derlying papillary dermal collagen. There is relative absence of 
pagetoid spread into epidermis. 


anoma may resemble that of any type of melanoma but 
often shows a spindle-cell composition. Multifocal vertical 
growth phases may exist in one lesion. 

Nodular melanoma clinically is dark brown to black 
without a perceptible radial growth phase (macular hyperpig- 
mentation at the periphery of the lesion) (Fig. 27—43). The 
histologic appearance most resembles that of superficial 
spreading melanoma, but radial or intraepidermal growth, 
arbitrarily defined as tumor cells exclusively confined to the 
epidermis for three or more rete ridges at the edge of the 
vertical growth phase, is absent (Fig. 27-44). 

In addition to classifying melanoma by type, it is impor- 
tant to determine the level and depth of invasion as follows: 

Level I. Tumor is confined to the epidermis. Also called 
“severely atypical melanocytic hyperplasia” because of its 
lack of potential for metastasis. 

Level Il. Tumor invades but does not fill the papillary 
dermis. 

Level Ill. Tumor invades through the papillary dermis to 
the border of the reticular dermis, “filling” and widening the 
papillary dermis. 

Level lV. Tumor invades into the reticular dermis. 

Level V. Tumor invades into subcutaneous fat. 

Although histologic type and level of invasion have been 
regarded as important in determining the prognosis in malig- 
nant melanoma, pathologists have now begun to quantify 
the thickness of the tumor in millimeters (measured from the 
stratum granulosum to the deepest extent of the tumor cells 
in the dermis, excluding extension down periappendageal 
adventitial collagen).* This has become regarded as another 
important indicator of prognosis. In general, tumors that 
have acquired a vertical growth phase acquire the potential 
for metastatic spread; this potential is related to the level 
and measured depth of invasion of the tumor cells within 
the dermis: the greater the level and depth of invasion, the 
greater the risk. Recent data suggest that combinations of 
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Figure 27-43. Malignant melanoma, nodular type. This nodule 
exhibits highly variable pigmentation with intense coloration. Irreg- 
ular erythema of adjacent skin is also present, but macular pigmen- 
tation corresponding to a radial growth phase is absent. 
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Figure 27—44. Nodular malignant melanoma. Monophasic growth 


pattern is evidenced by absence of significant intraepidermal spread 
at edge of vertical growth phase (arrow). 


other variables may also be of significance.®” These variables 
include anatomic site of the primary tumor, mitotic rate of 
tumor cells, presence of epidermal ulceration, separate 
nodules of tumor within the dermis (“microscopic satellites”), 
lymphocytic response to the tumor, and morphology of the 
melanoma cells in the vertical phase of growth. 


Management of malignant melanoma includes com- 
plete surgical excision and microscopic assessment of 
type, level, depth, and other pertinent prognostic var- 
iables. Early recognition is essential to successful treat- 
ment because melanoma in its early phase is virtually 
curable by complete excision. When metastases occur, 
they first involve the regional and then distal lymph 
nodes, but hematogenous metastases also occur, result- 
ing in spread to virtually every internal organ. 

Extensive regional disease and metastases can be 
treated by systemic chemotherapy, regional perfusion 
with cytotoxic drugs, and/or immunotherapy. 


INFLAMMATORY DERMATOSES OF 
PROBABLE HYPERSENSITIVITY ORIGIN 


Individual disorders in this important category of 
dermatologic diseases are classified by a combination of 
clinical features and gross and microscopic morphology. 
It should be noted that each entity is less a specific 
disease than a characteristic pattern of inflammation in 
the skin, probably immunologically mediated, and as- 
sociated with diverse etiologic agents. A causative agent 
is often difficult to identify. Nevertheless, the diagnosis 
of a disorder of this group is a signal that an underlying 
etiologic agent should be sought. 


ECZEMATOUS DERMATITIS 


Eczematous dermatitis refers to a very common 
and large category of skin lesions characterized by severe 
pruritus and distinctive gross and microscopic features. 
One-third of all patients coming to dermatology clinics 
are seeking relief from the persistent discomfort of 
eczematous dermatitis. 

Because so many types of eczematous dermatitis 
exist, clinical classification is based on etiology. The 
most common types include (1) contact dermatitis; (2) 
atopic dermatitis;°**! (3) lichen simplex chronicus; (4) 
drug-related eczematous dermatitis; (5) photoeczema- 
tous dermatitis; and (6) one form of erythroderma. For 
a summary of the clinicopathologic features of these 
conditions, see Table 27-1. 

When the etiology is unknown, lesions are classified 
according to distribution, clinical appearance, and his- 
tory of associated diseases. Histologically, there are only 
three categories: acute, subacute, and chronic. Micro- 
scopic evaluation can suggest causative agents or proc- 
esses but may not reveal etiology. 


The term “eczema,” derived from the Greek word mean- 
ing “to boil over,” vividly describes the clinical appearance 
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Table 27-1. CLASSIFICATION OF ECZEMATOUS DERMATITIS 


Etiology and/or 


Type Pathogenesis 


Contact dermatitis Topically applied chemicals. 
Two types of pathogenesis: 
primary irritant and delayed 


hypersensitivity 


Atopic dermatitis Unknown, may be heritable 


Lichen simplex chronicus Hereditary predisposition, 
seems induced by repeated 


rubbing or picking 


Drug-related eczematous 
dermatitis 


Systemically administered drug 
(e.g., penicillin) 


Photoeczematous eruption Ultraviolet light 


Erythroderma or exfoliative 
dermatitis 


Large number of dermatoses, 
systemic diseases, and 
drugs 


Acute, subacute, and chronic 


Acute in infancy; subacute 


Chronic; perineural fibrosis 


Subacute; eosinophils often 


Usually subacute; may be 


Subacute or chronic 


Histology Clinical Features 


Marked itching and/or burning. 

Primary irritant damages without 
antecedent exposure. Allergic 
contact usually requires 
antecedent exposure 


Erythematous plaques in flexural 
areas. Family history of eczema, 
hay fever, or asthma 


and chronic in children and 
adults 


Lichenified plaques; dry, scaly 
and hyperplasia of nerves papules 


observed in fibrotic dermis 


Eruption occurs with administration 
of drug; remits when drug is 
discontinued 


present in infiltrate 


Occurs on sun-exposed skin; 
photo testing may help in 
diagnosis 


acute 


Erythema of entire skin; scaling 
and sometimes oozing 


of acute eczematous dermatitis. The most obvious ex- 
ample of such dermatitis is contact dermatitis, caused by 
poison ivy and characterized by pruritic, edematous, oozing 
erythematous plaques, often showing outright blister forma- 
tion. The histologic alterations in the epidermis include intra- 
and intercellular edema with the formation of spongiotic 
vesicles and parakeratosis with coagulated serum. Within 
the dermis, edema and perivenular infiltrate of lymphocytes, 
monocytes, and eosinophils can be seen. Inflammatory cells 
often infiltrate the epidermis (Fig. 27—45). 

Subacute eczematous dermatitis, exemplified by 
childhood atopic eczema, consists of pruritic, moist, erythe- 
matous, rather well-defined papules and plaques. Well- 
developed acanthosis and parakeratosis are present within 


Figure 27—45. Acute eczematous dermatitis showing perivascular 


infiltrate that extends to lower epidermis, spongiosis (intercellular 
edema), and spongiotic vesicles. 


the epidermis; vesicles are absent but focal areas of edema 
can be seen. Dermal changes include infiltration of lympho- 
cytes, mononuclear cells, and sometimes eosinophils. 
Edema is present to a lesser degree than in acute dermatitis. 

Chronic eczematous dermatitis consists of markedly 
pruritic, dry, scaly, well-defined plaques with thickening of 
the skin and accentuation of skin lines (lichenification). A 
good clinical example of this form is lichen simplex chronicus. 
Epidermal alterations include acanthosis:with elongation and 
thickening of rete ridges. Hyperkeratosis: and parakeratosis 
are common; edema is mild or absent: There is a dermal 
infiltrate of lymphocytes and mononuclear cells. 


Although the histologic classification of eczema 
implies that all types begin with! the acute phase and 
progress to the subacute and chronic, this implication 
is not valid for every type. Most examples of eczema 
vary between the acute and subacute or between the 
subacute and chronic. The precise pathogenesis of each 
type of eczematous dermatitis is not known (Table 27- 
1). Although it is almost certain that contact dermatitis 
is partly due to a Type IV delayed hypersensitivity 
reaction (p. 169), the sequence of events leading to the 
more chronic forms of eczema is unclear. It appears, 
however, that the scratch-itch phenomenon is important 
in the pathogenesis of chronic changes. This vicious 
cycle consists of itching leading to scratching, scratching 
leading to lichenification, and lichenification in turn 
lowering the threshold for itching, and so on. 

Immunologic events potentially responsible for 
eczematous dermatitis resulting from contact antigens 
include the local uptake, processing, and presentation 
of these antigens by Langerhans cells to T lymphocytes. 
Indeed, most lymphocytes so characteristic of the infil- 
trates of ‘contact dermatitis are T cells. The clinical 
effects of therapeutic agents such as topical steroids in 
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these lesions may in part relate to their ability to impair 
the function of antigen-presenting cells and lymphocytes 
locally in the skin. 


URTICARIA 


Urticaria (hives) refers to a common disorder of the 
skin characterized histologically by dermal edema and 
clinically by itchy pink or white wheals. More than 20% 
of all people experience urticaria at some time during 
their lives. Clinically, urticaria is classified into acute 
and chronic types. It can also be classified according to 
etiology or pathogenesis, but many cases are idiopathic. 
Angioedema is closely related to urticaria and is char- 
acterized by edema of both dermis and subcutaneous 
fat. 

It seems likely that the final common pathway in 
the pathogenesis of urticaria involves localized increases 
in vascular permeability, with resulting dermal edema. 
It is now clear that Types I and III hypersensitivity 
reactions (p. 163) as well as nonimmunologic reactions 
can all lead to such increases in permeability. Table 27— 
2 lists the causes of urticaria according to the most 
probable initiating mechanism. Only a few comments 
on these will be made here. 

In Type I immediate reactions, mast cel] degranu- 
lation occurs, and histamine is presumed to be an 
important chemical mediator in the pathogenesis of 


Table 27-2. CLASSIFICATION OF URTICARIA BY PROBABLE 
PATHOGENIC MECHANISMS” 


Il. Immunologic Urticaria 
A. Type | reaction, IgE-mediated 
1. Atopy 
2. Specific antigen sensitivity: 
Pollens, foods (nuts, fish), drugs, Hymenoptera venom, 
and helminths 
3. Physical agents: 
Dermatographism, cold, light, heat and exercise 


B. Type Ill reaction, complement-mediated 
. Hereditary angioedema 

. Acquired angioedema with lymphoma 
. Necrotizing vasculitis 

. Serum sickness 

. Reactions to serum products 
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li. Nonimmunologic Urticaria 
A. Direct mast cell releasing agents 
1. Opiates 
2. Antibiotics 
3. Curare, d-tubocurarine 
4. Radiocontrast media 


B. Agents that probably alter arachidonic acid metabolism 
1. Aspirin and nonsteroid inflammatory agents 
2. Azo dyes and benzoates 


lll. idiopathic Urticaria 


“From Soter, N. A., and Wasserman, S. I.: lgE-dependent urticaria, 
angioedema and anaphylaxis. /n Fitzpatrick, T. B., et al. (eds.): 
Dermatology in General Medicine. 2nd ed. New York. McGraw-Hill 
Book Co., 1979. Copyright © 1979 by McGraw-Hill, Inc. Used by 
permission of McGraw-Hill Book Company. 


urticaria. Antihistamines, however, fail to control urti- 
caria, probably because other vasoactive agents, such as 
the kinins, leukotrienes C4, D4, and E4, prostaglandins, 
and acetylcholine, are also involved. 

You will recall that hereditary angioneurotic edema 
refers to recurrent attacks of angioedema involving the 
skin, gastrointestinal tract, and larynx, caused by an 
inherited deficiency of C1 activator (C1 esterase inhib- 
itor) that results in uncontrolled activation of the early 
components of the complement system (p. 210). 

Nonimmunologic urticaria may be caused by sub- 
stances that themselves cause degranulation of mast 
cells; examples are included in Table 27-2. Another 
postulated cause of nonimmunologic urticaria includes 
suppression of prostaglandin synthesis by chemicals that 
affect the metabolism of arachidonic acid, such as aspirin 
and indomethacin. 


All types of urticaria exhibit dermal edema, which is 
manifested histologically by separation of dermal collagen 
bundles. A perivenular infiltrate of lymphocytes is usually 
present, sometimes accompanied by neutrophils and eosin- 
ophils. Usually, this infiltrate is confined to the superficial 
dermis where lymphatic and venular ectasia is also some- 
times present. Occasionally, as in drug- or insect bite—related 
urticaria, deep dermal infiltrates with nuclear debris can be 
observed. A minority of cases show necrotizing venulitis with 
neutrophils, nuclear debris, hemorrhage, and fibrinoid necro- 
sis of vessel walls. 

Lesions of urticaria may occur anywhere on the body, 
either localized or in a widely distributed, multifocal pattern. 
The individual lesion is a very itchy wheal varying in size 
from millimeters to centimeters with a blanched center and 
an erythematous border. The transient quality of individ- 
ual lesions (which characteristically last no longer than 
36 hours) distinguishes urticaria from other dermatoses. 


An episode of urticaria lasting less than three weeks 
is considered acute; one lasting longer than three weeks 
is chronic. Chronic urticaria indicates the need for a 
thorough work-up to rule out obscure etiologic agents 
or related disease. Urticaria does not itself constitute a 
threat to life, but some predisposed patients may be 
faced with sudden life-threatening systemic anaphylaxis 
(p. 165). 


ERYTHEMA MULTIFORME 


Erythema multiforme is an uncommon, self-limited 
dermatosis that appears to be a hypersensitivity re- 
sponse to infections and drugs; it may also be of idio- 
pathic origin. In the average dermatologic practice, only 
about one of 500 patients has erythema multiforme. 
Persons of any age may be affected. Although the 
pathogenesis of erythema multiforme is unclear, asso- 
ciation with the following conditions is well established: 
infections (especially herpes virus and mycoplasma in- 
fections, but also histoplasmosis, coccidioidomycosis, 
typhoid, leprosy, and others); the administration of 
certain drugs (sulfonamides, penicillins, barbiturates, 
salicylates, hydantoins, and antimalarials); malignancy 


(carcinomas and lymphomas); and collagen-vascular dis- 
eases (lupus erythematosus, dermatomyositis, and per- 
iarteritis nodosa). 

The lesions are multiform, appearing as macules, 
papules, vesicles, bullae, or so-called target lesions, the 
most characteristic lesions of erythema multiforme (Fig. 
27-46). The latter begin as red macules or papules that 
develop a pale, bullous, or eroded center. The lesions 
may be distributed anywhere on the body, although 
there is a predilection for symmetric involvement of the 
extremities. 

Clinically, it is useful to classify erythema multi- 
forme into minor (simplex) or major (multiplex) forms. 
In the minor form, patients have few or moderate 
numbers of skin lesions and minor mucous membrane 
involvement. More important, these patients do not 
have systemic symptoms and they feel well. The disease 
is self-limited, lasting two to six weeks. The major form 
(also called the Stevens-Johnson syndrome), more com- 
mon in children, is characterized by extensive skin and 
mucous membrane involvement, fever, prostration, and 
respiratory symptoms. Typically, erosions and hemor- 
rhagic crusts involve the mouth and lips,” but the 
conjunctivae, urethra, and genital and perianal areas 
may also be affected. Often, involved areas become 
infected, leading to life-threatening sepsis. 


Histologically, erythema multiforme shows a wide range 
of changes that reflect the stage of clinical evolution of a 
given lesion or the site of biopsy within an established 
lesion. Early lesions or the edges of well-developed lesions 
show a superficial perivascular lymphocytic infiltrate, dermal 
edema, alignment or “tagging” of lymphocytes along the 
basement membrane zone, vacuolization of basal cells, and 
rare dyskeratotic cells within the epidermis (Fig. 27-47). 


SS. 


Figure 27—46. Erythema multiforme. Macules, papules, bullae, and 
target lesions (arrows) are present. 


Inflammatory Dermatoses of Probable Hypersensitivity Origin 


4285 


me = 
< a oe Se 
~~ ics 


a Fae 


ty ee 


er e nf ae. : 
e + ; a a ; e. #& oo * 


Figure 27-47. Erythema multiforme, early phase, showing epider- 
mal dyskeratosis, basal cell vacuolization, and a lymphohistiocytic 
infiltrate disposed about vessels and along dermoepidermal junction. 


ey 


Fully developed lesions or biopsies from the centers of early 
target lesions show a more prominent perivascular lympho- 
cytic infiltrate with endothelial swelling and degeneration, 
striking destruction of the basal layer of the epidermis with 
occasional bulla formation, and exocytosis of lymphocytes 
into the epidermis, which frequently shows clusters of ne- 
crotic keratinocytes (zonal necrosis). In lesions associated 
with certain drugs, eosinophils may be present in the dermal 
infiltrate. 

Because erythema multiforme is a self-limited derma- 
tosis, usually lasting no more than six weeks, treatment is 
symptomatic and supportive. 


CUTANEOUS NECROTIZING VASCULITIS 


This term refers to a group of disorders character- 
ized clinically by palpable purpura and histologically by 
inflammatory damage to vessel walls. As in other nec- 
rotizing vasculitides (p. 519), an immunologic pathogen- 
esis, notably of the Type III antigen-antibody complex— 
mediated variety, is suspected in most cases (Fig. 27- 
48). 


Histologically, cutaneous necrotizing vasculitis appears 
as partial or nearly complete fibrinoid necrosis of vessel 
walls with extravasation of erythrocytes and fluid (Fig. 27— 
49). Neutrophils and nuclear debris (“dust”) are usually 
present in and about the walls of damaged vessels, creating 
the picture of leukocytoclastic vasculitis (p. 522), and fibrin 
thrombi may be observed. Lymphocytes and occasionally 
eosinophils and other inflammatory cells can be identified in 
the infiltrate. When vascular changes are severe, epidermal 
and dermal necrosis can result. 

In the skin, superficial venules are involved almost 
exclusively so that in most cases the term cutaneous nec- 
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rotizing venulitis is more accurate. Arterioles are involved 
in rare cases. Larger and deeper vessels in the deep dermis 
and subcutis can also be affected, often in association with 
systemic vessel involvement. 

Ultrastructural studies disclose the presence of partially 
degranulated mast cells and debris-laden macrophages, 
endothelial cell swelling and necrosis, as well as vascular 
basement membrane reduplication. Interendothelial cell 
gaps have been described. Immunofluorescence studies in 
a large number of patients show immunoglobulin and com- 
plement in and about vessels of early lesions. In Henoch- 
Schonlein purpura, IgA may be present in affected cutaneous 
vessels. Biopsies taken 24 or more hours after the clinical 
onset of a lesion of cutaneous vasculitis may show negative 
immunofluorescence, the presumed result of rapid local 
clearance of immune complexes.™ 


The clinical hallmark of vasculitis is palpable non- 
blanchable purpura, occurring in crops. They are usually 
present on dependent areas of bedridden patients or on 
the lower extremities of those who are ambulatory. 
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Figure 27-49. Cutaneous necrotizing vasculitis. Wall of this vessel 
exhibits fibrinoid necrosis and is extensively infiltrated by neutrophils 
and lymphoid cells. Lumen is occluded by a fibrin thrombus con- 
taining fragmented nuclei. 


Figure 27-48. Probable pathogen- 
esis of cutaneous necrotizing vascu- 
litis is that (1), immune complexes 
(IC) form in instances of antigen (a) 
excess and (2), become deposited in 
vicinity of basement membranes of 
small cutaneous venules. As comple- 
ment (C) becomes activated, (3), 
neutrophils (N) are recruited to these 
sites where release of lysosomal en- 
zymes leads to (4), endothelial cell 
(E) damage, platelet (pl) and fibrin 
(F) thrombi, hemorrhage and transu- 
dation through damaged vessel walls, 
and fragmentation of neutrophil nuclei 
(‘nuclear dust”). (P = pericyte.) 


Lesions may affect persons of all ages. A single episode 
of cutaneous vasculitis usually lasts two to four weeks 
but may recur. Vasculitis may also present as chronic 
urticaria without purpura.” Fever, malaise, and arthral- 
gia are not uncommon and may indicate the presence 
of vasculitis in visceral organs; the kidneys, lungs, joints, 
gastrointestinal tract, central nervous system, and other 
organs may be involved. 

Numerous conditions are associated with cutaneous 
vasculitis: allergy to drugs, sensitivity to foreign protein 
(serum sickness), bacterial infections, viral infections 
(notably hepatitis B), collagen-vascular diseases (lupus 
erythematosus, rheumatoid arthritis, dermatomyositis), 
Henoch-Schénlein purpura, malignancies (lymphoma, 
leukemia, carcinoma), and C2 deficiency. Often, how- 
ever, none of these conditions exist and an etiologic 
agent cannot be identified. 


CUTANEOUS LUPUS ERYTHEMATOSUS 


Lupus erythematosus has been described in detail 
in a previous chapter (p. 180). Cutaneous lesions consist 
of facial (malar) erythema and discoid plaques anywhere 
on the body surface. When the latter lesions are the 
only manifestation, the condition is referred to as cuta- 
neous lupus erythematosus; such lesions may also occur 
in association with involvement of other organs (systemic 
lupus erythematosus, SLE). 

Although the histology of the malar erythema of 
lupus erythematosus is usually nonspecific, the lesions 
of discoid lupus erythematosus have characteristic 
changes that correlate with their clinical appearance. 
Plaques of discoid lupus are large and well defined, with 
scaling, erythematous surfaces. Centripetal compression 
of such lesions may produce multiple fine wrinkles, 
suggesting epidermal atrophy. Zones of hyper- and 
hypopigmentation may be observed, and dilated tor- 
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tuous vessels, or telangiectasia, are often visible beneath 
the epidermis. 


Histologically, lesions of discoid lupus show hyperker- 
atosis, epidermal atrophy with loss of the rete ridges, dys- 
keratosis and vacuolization of the basal layer, a variable 
infiltrate of lymphocytes disposed in bandlike array along the 
dermoepidermal junction, and incontinence of melanin pig- 
ment into the papillary dermis (Fig. 27-50). Superficial 
vessels are often widely dilated and there is a variable 
degree of dermal edema and mucopolysaccharide deposi- 
tion. Hair follicles may be widened and filled with keratin, 
and the lymphocytic infiltrate will commonly surround ad- 
nexal structures and deep dermal vessels. Infiltration of the 
subcuticular fat by lymphocytes, histiocytes, and plasma 
cells, often without significant epidermal change, is seen in 
a rare cutaneous manifestation of lupus called lupus pro- 
fundus. 

PAS stains frequently reveal thickening of the epidermal 
basement membrane in discoid lupus, although similar 
change may occur with aging or in chronically sun-damaged 
skin. Immunofluorescence of lesional skin reveals IgG, IgM, 
at times IgA, and complement in granular array along the 
epidermal and follicular basement membrane zone in most 
cases (lupus band test).® This granular band of immuno- 
globulins and complement may also be present in clinically 
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Figure 27-50. Discoid lupus erythematosus. A, Epidermis shows 
hyperkeratosis, atrophy, and vacuolization of basal cell layer; upper 
dermis is infiltrated by a bandlike aggregate of lymphocytes. B, 
Direct immunofluorescence shows an intense granular band for IgG, 
IgM, and complement along dermoepidermal junction. 
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normal, non—sun-exposed skin in patients with SLE and 
represents one of many criteria for establishing that diag- 
nosis.” The pathogenesis of cutaneous lupus erythematosus 
is unclear, but many investigators believe that both humoral 
and cell-mediated mechanisms are involved, resulting in the 
immunologic destruction of pigment-containing basal cells. 
Recent evidence suggests that the pathogenesis of lesions 
is related to deposition of both immune complexes and C5b— 
C9 (‘membrane attack” complex). Whether the initial 
event is humoral or cell mediated is presently not known. 


GRAFT-VERSUS-HOST DISEASE 


This disorder most commonly follows transplanta- 
tion of tissue containing immunocompetent allogeneic 
lymphocytes to immunosuppressed individuals. These 
lymphocytes react against a variety of sites including 
skin, liver, and the gastrointestinal tract. An acute phase 
(several weeks after transplantation) and a chronic phase 
(several months to one year after transplantation) have 
been recognized. Although either phase may occur 
without the other, many patients show manifestations 
of both at some time during their course after trans- 
plantation. Approximately 70% of patients receiving 
bone marrow transplants for leukemia or immunodefi- 
ciency states develop some form of graft-versus-host 
disease.® Clinically, an extensive erythematous macular 
eruption is seen acutely, at times with scaling or bulla 
formation. Chronic lesions may resemble lichen planus 
(p. 1290) or show areas of dermal sclerosis and epidermal 
atrophy. 


The histology of acute graft-versus-host disease is sub- 
tle and must be distinguished from other causes of similar 
cutaneous lesions in this patient population (e.g., drug re- 
actions, viral exanthems). The epidermis generally shows 
disarray of keratinocytes as they progress from vertically 
oriented basal cells to horizontally oriented, more superficial 
cells. There may be foci of dyskeratosis and exocytosis of 
lymphocytes, which often surround necrotic cells (satellite 
necrosis). Vacuolization of the basal cell layer, focal melanin 
pigment incontinence, and a sparse superficial lymphocytic 
infiltrate are usually present (Fig. 27-51). Chronic lesions 
generally show more melanin pigment incontinence and 
either epidermal hyperplasia or atrophy. Epidermal hyperpla- 
sia is associated with a bandlike infiltrate of lymphocytes 
and thus resembles lichen planus. Atrophic lesions are 
associated with marked dermal sclerosis and entrapment of 
adnexal structures by sclerotic collagen, which may extend 
into the subcutaneous tissue. These changes resemble 
scleroderma. 


The pathogenesis of graft-versus-host disease is the 
subject of intensive‘ investigations. One possibility is 
that donor T lymphocytes react against histocompatibil- 
ity antigens on recipient cells (e.g., endothelium and 
possibly Langerhans cells and keratinocytes, in the case 
of skin). Other workers speculate that humoral immunity 
may play a role because of the finding by immunofluo- 
rescence studies of immunoglobulins and complement 
at the basement membrane zone and in dermal vessels 
in more chronic skin lesions.” 
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Figure 27-51. Graft-versus-host disease. A, Acute lesion shows 
abnormal epidermal maturation, dyskeratosis and vacuolization of 
basal cells, and a sparse superficial lymphocytic infiltrate with 
melanin pigment incontinence. B, One type of chronic lesion shows 
epidermal atrophy and marked dermal sclerosis (sclerodermoid 
variant). 


PANNICULITIS (ERYTHEMA NODOSUM, 
ERYTHEMA INDURATUM, AND WEBER- 
CHRISTIAN DISEASE) 


The term panniculitis describes an inflammatory 
reaction of the subcutaneous fat that may affect (1) the 
connective tissue septa separating fat lobules, as in 
erythema nodosum; (2) the septa, lobules, and vessels, 
as in erythema induratum; or (3) the fat lobules, as in 
Weber-Christian disease. 

Erythema nodosum is the most common type of 
panniculitis and is sometimes associated with infections 
and drugs, but often is of idiopathic origin. The lesions 
are exquisitely tender, brawny, erythematous plaques 
and nodules, 1 to 5 cm across, that most often occur on 
the lower legs of women aged 20 to 30 years. Involution 
occurs in three to six weeks, leaving a bruiselike lesion; 
scarring does not result. Although pathogenetic mech- 
anisms are unclear, erythema nodosum is commonly 
associated with beta-hemolytic streptococcal infections, 
tuberculosis, and the administration of certain drugs, 
especially sulfonamides. Less common associations in- 
clude coccidioidomycosis, histoplasmosis, leprosy, use 
of oral contraceptives, sarcoidosis, inflammatory bowel 
disease, and malignancy. 


Early histologic alterations include widening of connec- 
tive tissue septa due to edema, fibrin exudation, and neu- 
trophilic infiltration. Later, there is infiltration by lymphocytes, 
histiocytes, multinucleate giant cells, and occasionally eosin- 
ophils; focal necrosis of venules and small veins is often 
present. Subsequently, septal fibrosis occurs. True granu- 
lomas and large vessel vasculitis are not characteristic of 
erythema nodosum. 


Erythema induratum refers to a type of panniculitis 
characterized histologically by the presence of granu- 
lomas, vasculitis, and caseation necrosis. Formerly con- 
sidered a manifestation of tuberculosis, erythema indu- 
ratum is today an uncommon disorder of uncertain 
etiology that most frequently affects adolescent and 
menopausal women. Cold weather initiates or exacer- 
bates the disease. Tuberculin reactions are sometimes 
positive, and because of an occasional response to anti- 
tuberculous therapy, the hypothesis has been advanced 
that erythema induratum represents a tuberculid, i.e., 
a hypersensitivity response to mycobacterial antigens. 


The most frequent clinical presentation is that of either 
single or multiple dark red, dusky (erythrocyanotic) nodules 
or plaques located on the calves. Ulcerations are frequent. 
Recurrences are common, especially in cold weather. 

Early lesions occur in the subcutis, involving both lob- 
ular and septal areas of fat. More advanced lesions can 
also involve the dermis and epidermis. Three features char- 
acterize erythema induratum: granulomas, vasculitis, and 
caseation necrosis. True granulomas composed of epithe- 
lioid and multinucleate histiocytes are found in multiple foci. 
The walls of small and medium-sized arteries and veins, as 
well as smaller vessels, are extensively infiltrated by inflam- 
matory cells. Some vessels exhibit necrosis associated with 
neutrophils; others show infiltration by lymphocytes and 
histiocytes. In well-developed lesions, caseation necrosis is 
present in multiple foci. Mycobacteria have been identified 
on very rare occasions in these lesions in persons with 
systemic tuberculosis. 


Weber-Christian disease (relapsing febrile nodular 
panniculitis) refers to a rare type of panniculitis char- 
acterized by distinctive histologic changes.”! It usually 
occurs in women aged 30 to 60 years but can arise in 
both sexes and at any age. The etiology and pathogenesis 
are uncertain, but a hypersensitivity reaction is sug- 
gested by the histologic alterations. The disorder is 
usually limited to subcutaneous fat but has been de- 
scribed in internal fat depots such as omentum, liver 
and spleen, and bone marrow. 

Crops of tender, slightly erythematous, sometimes 
fluctuant boggy nodules and plaques, often several 
inches wide, appear predominantly on the lower ex- 
tremities and are associated with mild fever. The trunk, 
arms, and rarely the face may be involved. Involution 
of nodules is usually associated with a slight saucer-like 
depression. 

In adults the disease is limited to the subcutis and 
the prognosis is usually good. The disorder subsides 
after several months but can last up to five years before 
spontaneous remission. In children the disease is fre- 
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quently accompanied by high fevers and can be associ- 
ated with systemic life-threatening involvement.” 


Histologically, lobular involvement with relative sparing 
of septa is seen. Three stages are recognized. The early 
stage consists of marked neutrophilic infiltration of fat and 
focal fat necrosis. Lymphocytes and histiocytes may also be 
observed. This stage is relatively transient. The intermedi- 
ate stage is characterized by the presence of numerous 
foamy histiccytes within and largely replacing fat lobules. In 
addition, foreign body giant cells, lymphocytes and plasma 
cells are present. This stage is believed to be the one most 
characteristic of Weber-Christian disease histologically. In 
the late stage, fibrous tissue replaces the fat lobule. Lym- 
phocytes and plasma cells are often observed but foamy 
histiocytes are absent. Epidermal and dermal changes are 
usually absent in all stages of this disorder. 


OTHER INFLAMMATORY DERMATOSES 
NOT USUALLY ASSOCIATED WITH 
SYSTEMIC DISEASE 


The disorders discussed under this heading are 
usually localized to the skin and are rarely associated 
with a specific internal disease. These disorders, which 
include among others acne vulgaris and psoriasis, rep- 
resent some of the most common cutaneous disorders. 
Although rarely a threat to life, they can measurably 
alter its quality. Occasionally, these disorders may be 
accompanied by systemic signs and symptoms. For 
example, most patients with generalized pustular pso- 
riasis exhibit fever and electrolyte disturbances. 


ACNE VULGARIS 


Acne vulgaris is a chronic inflammatory disorder 
that is virtually universal in the mid to late teenage 
years. It is characterized clinically by comedones, pap- 
ules, nodules, and cysts. Both males and females are 
affected, but males tend to have more severe lesions. 
Although seen in all races, acne is said to be milder in 
Orientals. 

Adolescent acne is regarded as a physiologic state. 
In addition, acne may be induced or exacerbated by 
drugs, occupational contactants (cutting oils, chlori- 
nated hydrocarbons, and coal tars), and occlusive con- 
ditions such as heavy clothing in tropical climates. Drugs 
that promote acne in susceptible persons include ACTH, 
corticosteroids, testosterone, gonadotropins, contracep- 
tives, trimethadone, iodides, and bromides. Sometimes 
families seem particularly affected by acne, which sug- 
gests a heritable factor. Dietary factors have been over- 
emphasized in the past. 

The pathogenesis of acne™ “ is poorly understood. 
Endocrine factors have been implicated (especially an- 
drogens), because castrates never develop acne. How- 
ever, simple androgen excess does not cause acne.” 
Fatty acids are also known to be highly irritating in the 
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dermis, and it has been postulated that bacterial lipases 
(of the bacterium Propionibacterium acnes) break down 
sebum, liberating fatty acids, which then cause devel- 
opment of the inflammatory lesions of acne.” Inhibition 
of lipase production is a rationale for administration of 
antibiotics to patients with inflammatory acne.” 


The lesions of acne are divided into noninflammatory 
and inflammatory types, characteristically distributed on the 
oily skin of the face (with sparing of periorbital areas), back, 
chest, and shoulders. Noninflammatory lesions include open 
and closed comedones (‘“blackheads” and “whiteheads’”). 
An open comedo consists of a small flat or raised area with 
a central pore filled with impacted keratin and lipid; the 
comedo is actually a pilosebaceous follicle filled with a 
keratin plug. The tip of the plug is dark owing to oxidation 
and melanin pigment deposition into the plug (not dirt). A 
closed comedo pore is largely covered by epithelium; hence, 
it is manifested as a papule unless the skin overlying it is 
stretched apart. Because the impacted keratin is trapped, a 
closed comedo is believed to be a potential source of 
inflammatory lesions, which consist of erythematous pap- 
ules, nodules and cysts. Cystic lesions are abscesses ad- 
mixed with keratin and sebaceous material. 

Histologically, comedo formation begins at midfollicle 
level as an expanding mass of lipid-impregnated keratin and 
sometimes hair. As the keratin mass expands, the follicular 
wall becomes thin, and sebaceous glands atrophy. The open 
comedo has a large patulous orifice; the closed comedo, a 
tiny orifice. Inflammatory lesions all show marked lympho- 
cytic infiltration in and about follicles in the dermis; extensive 
acute and chronic inflammation accompanies rupture of 
follicles, and dermal abscesses form. Scarring follows the 
marked inflammation usually associated with cysts. 


ROSACEA 


Rosacea (formerly called acne rosacea) is a relatively 
common inflammatory dermatosis. The disorder is most 
frequent between the ages of 30 and 50 years. Women 
are more often affected than men in a ratio of 3:1, 
however, the disorder is usually more severe in men 
than in women. 


Rosacea usually involves the central face and, in con- 
trast to acne vulgaris, generally does not affect the back or 
chest. The lesions fall into three categories: vascular, ac- 
neiform, and hyperplastic (rhinophyma). Vascular lesions 
begin insidiously and consist of intermittent flushing and 
erythema of the face. This erythema later becomes perma- 
nent, and telangiectasia develops. Acneiform lesions such 
as papules, pustules, and cystic nodules arise upon ery- 
thematous skin. The characteristic lesion of rosacea is an 
erythematous papule surmounted by a pustule. Rhino- 
phyma consists of telangiectasia and hyperplasia of the soft 
tissues of the nose (the W. C. Fields nose) and can occur 
independent of vascular and acneiform lesions. However, it 
is usually seen on a background of flushing exacerbated by 
alcoho! abuse. Rhinophyma occurs almost exclusively in 
males and the affected skin is predisposed to the develop- 
ment of basal cell carcinoma. 

Histologically,” the vascular lesions show a dermal 
lymphohistiocytic infiltrate loosely disposed about vessels of 
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the superficial plexus. Ectasia of capillaries and venules is 
present. The acneiform lesion is associated with follicular 
pustules and perifollicular abscesses with acute and chronic 
inflammation and foreign body giant cell reaction. Other 
lesions commonly show only a lymphocytic and histiocytic 
infiltrate about dilated and plugged hair follicles; in some 
lesions, the infiltrate may be frankly granulomatous. Areas 
of rhinophyma exhibit hyperplasia of sebaceous glands, 
connective tissue, and vessels. 


THE SKIN 


LICHEN PLANUS 


This term refers to a relatively common disorder of 
skin and mucous membranes having a particularly dis- 
tinctive gross and microscopic appearance. Clinically, 
the cutaneous lesions consist of itchy, violaceous, flat- 
topped papules highlighted by white dots or lines called 
Wickham’s striae. The disease may present with a single 
lesion, but in time multiple lesions arise, varying from 
few to hundreds in number. They are distributed most 
commonly on the extremities, particularly around wrists 
and elbows, and occasionally on the glans penis. In 70% 
of cases, oral lesions accompany cutaneous lesions and 
appear as white reticulate or plaquelike areas. 


The fully developed lesion of lichen planus (Fig. 27—52) 
shows three basic histologic features: (1) wedgelike hyper- 
plasia of the stratum granulosum; (2) vacuolization and 
dyskeratosis of the basal cell layer, leaving residual squa- 
mous Cells interfacing in a “sawtooth” pattern with the dermis 
(“squamatization of the basal layer’); and (3) a bandlike 
infiltrate of lymphocytes in the papillary dermis, closely 
applied to the epidermis. Small dyskeratotic and necrotic 
basal cells may become incorporated into the inflamed 
papillary dermis, where they are seen as small pink bodies 
(Civatte or colloid bodies). At times, the destruction of the 
basal cell layer is so severe that cleftlike spaces develop 
(so-called Max Joseph spaces) and bullous and ulcerative 
lesions exist clinically. Lichen planus involving the hair follicle 
is referred to as lichen planopilaris. 


The etiology and pathogenesis are unknown. Im- 
munologic studies show the dermal infiltrate to be 


4 
4 
* 
> 
. 
4 


oN ~~ Py 
tte 


\ deed. 5 26 


los 
Mt 
56 Sb at es 


Bj 

if 

2 . 
pRB 
ef 


. 
‘e Wey wt ess 
alte “ts 

» Pes, Hes * 
> ~ ae” IMs < 


and a dense dermal lymphocytic infiltrate “hugging” dermoepidermal 
junction. 


composed almost exclusively of helper/inducer T lym- 
phocytes, and there is hyperplasia of Langerhans’ cells 
within the epidermis,” suggesting the possibility of a 
delayed hypersensitivity-type response, possibly to an 
epidermal-associated antigen. 

Lichen planus usually resolves spontaneously one 
or two years after onset but leaves residual postinflam- 
matory hyperpigmentation and atrophy. Oral lesions 
tend to last longer, and malignant change has been 
described but is controversial.*° Some centers are pres- 
ently employing ultraviolet light therapy in an effort to 
expedite resolution of lesions. 


LICHEN SCLEROSUS ET ATROPHICUS 


Lichen sclerosus et atrophicus*! is a rare disorder 
that most commonly involves the genital area of women 
45 to 60 years of age (p. 1115). In men it occurs on the 
foreskin and glans penis, where it is called balanitis 
xerotica obliterans. Extragenital skin in both sexes may 
also be involved. 


Clinically, lichen sclerosus et atrophicus is first recog- 
nized as multiple, small, white macules or slightly raised, 
flat-topped white papules with angulated borders. Centrally 
there is often a depression or so-called dell. In the early 
stages individual lesions measure no more than several 
millimeters across, but with time the papules coalesce to 
form white plaques that show atrophy, hyperkeratosis, and 
plugged hair follicles. 

Histologically, there is edema and homogenization of 
the upper dermis (Fig. 27-53). Below the altered dermis 
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papillary dermis with an underlying lymphocytic infiltrate is evident. 
Inset: Vacuolization at dermoepidermal junction is seen in another 
field of the same biopsy specimen. 


Other Inflammatory Dermatoses Not Usually Associated With Systemic Disease 


there is a dense lymphocytic infiltrate, which is sparse or 
absent in very long-standing lesions. Epithelial atrophy, 
hyperkeratosis, and follicular plugging also are often present. 


In the vulva, labial atrophy and a narrowed introitus 
may develop over the course of years. In men, involve- 
ment of the foreskin and glans may impinge on the 
urethral meatus, causing stenosis. 


PITYRIASIS ROSEA 


This is a relatively common self-limited dermatosis 
characterized by salmon-colored oval patches with a 
peripheral thin scale. These are classically distributed 
over the trunk in a “Christmas-tree’ pattern. Persons 
aged 10 to 35 years are most frequently affected. A viral 
etiology has been suspected but never substantiated. 


Eighty per cent of cases begin with a “herald patch,” 
which consists of a single, sharply defined, scaling red 
plaque, usually 2 to 6 cm across. Days or weeks later a 
generalized eruption occurs, usually on the trunk or extrem- 
ities, along the lines of flexural cleavage. Individual lesions 
appear as round or oval, salmon-colored patches less than 
2 cm across with a collarette of fine cigarette paper—like 
scale. The long axis of the oval lesion is oriented along lines 
of cleavage so that the lesions on the trunk may appear to 
fall in a fir-tree pattern. Successive crops of lesions develop 
until spontaneous resolution occurs in two to 14 weeks. 
Hands, feet, and face are rarely affected except in children. 

The histologic features are relatively characteristic and 
include strikingly focal parakeratosis, mild acanthosis, focal 
mild spongiosis, and focal exocytosis. Dermal changes in- 
clude a loose, focal, superficial, perivascular infiltrate pre- 
dominantly composed of lymphocytes. 


Often there is slight hemorrhage in the superficial 
papillary dermis. The focality of the tightly compacted 
parakeratotic scale suggests the diagnosis, although 
other disorders (e.g., parapsoriasis and PLEVA—see 
below) may show a similar scale pattern. 

The “herald patch” is often mistaken for tinea 
corporis (fungus infection of the skin, p. 1300) and is 
usually not recognized until the generalized eruption 
blossoms forth. Eruptions that must be considered in 
the differential diagnosis of pityriasis rosea include drug 
reaction and secondary syphilis. A pityriasis rosea—like 
rash has been seen in patients receiving gold therapy, 
persisting as long as gold is administered, in contrast to 
the self-limited nature of non—drug-induced pityriasis 
rosea. Finally, because the cutaneous lesions of secon- 
dary syphilis can masquerade as pityriasis rosea, sero- 
logic tests to rule out lues must be performed. 


PITYRIASIS LICHENOIDES ET 
VARIOLIFORMIS ACUTA 


Usually abbreviated PLEVA, this term refers to an 
uncommon acute or subacute papulovesicular disorder 
of unknown etiology. It most commonly affects young 
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Figure 27-54. Pityriasis lichenoides et varioliformis acuta (PLEVA). 
Focal parakeratosis, dyskeratosis, and basal cell layer vacuolization 
overlie a dense lymphocytic infiltrate at dermoepidermal junction 
and around superficial and deep vessels. Exocytosis of lymphocytes 
and erythrocytes (inset) is a prominent feature of PLEVA. 
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adults, but sometimes children and the elderly also. 
PLEVA can last weeks, months, or even years and then 
remit spontaneously. 


Lesions usually involve the trunk and extremities and 
arise in successive crops. They begin as erythematous 
edematous papules 2 to 5 mm across that are later sur- 
mounted by vesicles. Vesicles can be hemorrhagic or pus- 
tular. When vesicles rupture, punched-out ulcers and ne- 
crotic areas result. Papules can also become scaly and 
hyperpigmented. An outstanding feature of PLEVA is that 
lesions in all stages (papules, vesicles, ulcers, necrotic 
areas, small scars) are typically present together once the 
disease has developed. 

Histologic changes in PLEVA involve both epidermis 
and dermis. There is focal, tightly compacted parakeratotic 
scale often containing neutrophils, exocytosis of lymphocytes 
and erythrocytes into the epidermis, and vacuolization of the 
basal cell layer (Fig. 27-54). There is a superficial and deep 
perivascular lymphocytic infiltrate in the dermis, as well as 
a bandlike infiltrate in the papillary dermis. Venules may 
exhibit marked endothelial cell swelling and luminal obliter- 
ation. Lymphomatoid papulosis is a variant of PLEVA in 
which atypical, hyperchromatic lymphoid cells are present in 
the dermal infiltrate.® 


PSORIASIS 


Psoriasis refers to a group of chronic disorders 
characterized clinically by scaly erythematous plaques 
and histologically by epidermal proliferation. In the 
U.S., 1 to 2 % of the population is affected by psoriasis. 
The most common type is psoriasis vulgaris, whereas 
pustular psoriasis is rare. The mean age of onset of 
psoriasis is 27 years, but persons of all age groups from 
infancy to old age can be affected. 

The etiology and pathogenesis are unclear. A poly- 
genic inheritance pattern is suggested by familial clus- 
tering of cases and by higher concordance rates in 
monozygotic than in dizygotic twins. Known precipitat- 
ing factors include trauma, infection (hemolytic strep- 
tococcal ‘infection), and endocrine changes. In women 
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the first onset of psoriasis sometimes occurs after par- 
turition. However, most cases of psoriasis occur without 
any identifiable precipitating factor. Related to patho- 
genesis is the extremely rapid turnover time of psoriatic 
skin, three to four days compared with 28 days in 
control skin. Indeed, the mitotic rate of psoriatic skin 
exceeds that of squamous cell carcinoma. Decreased 
levels of cyclic AMP are also noted in psoriatic skin.” 
Cyclic AMP is normally associated with differentiation 
of cells. 

Psoriasis is sometimes associated with disease in 
other organ systems. Psoriatic arthritis** occurs in 7% 
of patients with psoriasis. Various patterns of involve- 
ment can be seen in psoriatic arthritis, including some 
that resemble rheumatoid arthritis. Besides arthritis, 
myopathy, enteropathy, and spondylitic heart disease 
are sometimes associated with psoriasis. 


The clinical features of psoriasis vulgaris are highly 
variable but characteristic (Fig. 27-55). Lesions may occur 
anywhere on the skin; frequently affected sites include 
elbows, knees, scalp, lumbosacral areas, intergluteal cleft, 
and glans penis. Nails are involved in 30% of cases. Mucosal 
lesions are unusual. The most common lesion of psoriasis 
is the plaquelike lesion, characterized by well-demarcated 
pink or salmon-colored plaques surmounted by a loosely 
adherent silver-white scale. The Auspitz sign, positive in 
psoriasis, consists of pinpoint bleeding sites revealed when 
the scale is removed. This sign correlates with the micro- 
scopic findings of thinning of the suprapapillary epidermis 
and dilation of superficial capillaries. 

Plaque-type lesions may be large or very small, numer- 
ous or few. They may occur in annular, linear, gyrate, or 
serpiginous configurations. Bacterial flora is altered in pso- 
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Figure 27-55. Psoriasis. A, The extensive distribution and variable size of lesions is common in psoriasis. B, Close-up view of a large 
plaque covered with characteristically “silvery” scales. 


riatic skin so that higher numbers of staphylococci are 
present. Nail changes® include pitting, dimpling, onycholysis, 
thickening, and crumbling. Characteristic of psoriasis is a 
yellow-brown discoloration of the nailplate that has been 
likened to the appearance of an oil slick. Diseased nails are 
often infected with Candida or Pseudomonas species. 

Histologically,®* the fully developed lesion (Fig. 27—56) 
shows the following characteristic features: parakeratosis, 
hyperkeratosis, hypogranulosis, epidermal hyperplasia with 
elongation and thickening of rete ridges, and marked thinning 
of the epidermis above dermal papillae. The most distinc- 
tive findings in well-developed psoriasis are the spon- 
giform pustule of Kogoj and Munro’s microabscess. The 
spongiform pustule refers to a focal subcorneal area of 
epidermal spongiosis where neutrophils are present in the 
intercellular spaces. Monro’s microabscess refers to an 
intracorneal collection of four or more neutrophils. It is to 
be stressed that the spongiform pustule and Munro’s mi- 
croabscess are not pathognomonic of psoriasis, since they 
occur in other dermatologic conditions not discussed in this 
chapter (e.g., seborrheic dermatitis and Reiter’s disease). 
Mitoses are frequent in cells as high as two layers above 
the basal cells. About the superficial plexus is a mononuclear 
and neutrophilic infiltrate. The capillary loops located in the 
dermal papillae show marked dilation and abnormal tortuos- 
ity; by electron microscopy, capillary walls appear attenuated 
and intercellular gaps are present. 

The earliest changes in psoriasis have recently been 
described to be the exocytosis of neutrophils into the epi- 
dermis, an event that appears to precede abnormal epider- 
mal proliferation.*” This suggests that chemoattractants for 
neutrophils, either immunologic (immune complexes) or non- 
immunologic (prostaglandins, activation of complement by 
proteolytic enzymes), may be present in psoriatic epidermis, 
and that the epidermal proliferation so characteristic of this 
disorder is a secondary repair mechanism resulting from the 
persistence of neutrophils in the epidermis. 
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Figure 27-56. Psoriasis. Note thickening and elongation of rete 
ridges, hyperkeratosis, parakeratosis, and focal diminution of gran- 
ular layer (hypogranulosis). /nset: Munro’s microabscess (neutro- 
phils in stratum corneum) characteristic of psoriasis. 


Pustular psoriasis is subdivided into localized (pri- 
marily on hands and feet) and generalized variants. 
Morphologic changes are similar for both, although the 
generalized form may be a life-threatening disorder, 
with fever, leukocytosis, arthralgias, diffuse cutaneous 
and mucosal pustules around plaque-type lesions, and 
secondary infection and electrolyte disturbances.** An 
intraepidermal or subcorneal abscess or pustule filled 
with neutrophils and nuclear debris is the central feature 
of pustular psoriasis. At the edge of the abscess, spon- 
giotic foci filled with neutrophils (spongiform pustules) 
may be observed. Epidermal hyperplasia is variable. 
Dermal changes are similar to those of psoriasis vulgaris. 


PARAPSORIASIS 


This uncommon group of chronic dermatoses is 
confusing for the following reasons: (1) these disorders 
have no relation to psoriasis, (2) the group consists of 
several biologically unrelated disorders, and (3) the 
clinical and histologic appearances of lesions are fre- 
quently nonspecific.*® Nonetheless, this term has per- 
sisted so that we frequently consider benign and malig- 
nant forms of this disorder as if they were a part of a 
common entity. 

Guttate parapsoriasis usually affects the trunk and 
proximal extremities of male adolescents and young 
adults. It is characterized by red-brown infiltrated 
plaques and papules, 1 to 10 mm across, with a thin 
adherent scale. The histologic features include focal or 
diffuse parakeratosis, mild-to-moderate epidermal hy- 
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perplasia, and spongiosis. There is usually prominent 
perivascular lymphohistiocytic infiltration with variable 
endothelial cell activation. The chronic clinical course 
(five to ten years) is characterized by periods of remis- 
sion and exacerbation. Eventual permanent resolution 
can be expected. 

Parapsoriasis en plaques of the benign type is 
uncommon and usually affects middle-aged men and 
women. The trunk and proximal extremities show 
round-oval, poorly-defined flat patches without infiltra- 
tion. On close inspection, shades of yellow, pink, and 
brown may be observed. The histologic features of the 
benign form include focal parakeratosis, slight thinning 
of the epidermis, and minimal spongiosis. A slight 
dermal lymphocytic infiltrate is usually limited to the 
upper dermis. This type follows a chronic and unre- 
mitting course. 

The premalignant type of parapsoriasis en 
plaques” ®! is a rare dermatosis that affects middle-aged 
persons of either sex. Common areas of involvement 
include flexural creases, buttocks, and breasts. The 
distribution of premalignant lesions tends to be more 
localized than the distribution of lesions of the benign 
type. Premalignant plaques appear as large lesions with 
thin, shiny, telangiectatic skin covered by fine scales, 
and exhibit patchy hyperpigmentation. Later changes 
that portend the development of lymphoma include a 
retiform or netlike grouping of red and brown, flat- 
topped shiny papules. A striped or variegate pattern of 
hyperpigmentation associated with markedly erythe- 
matous plaques and violaceous papules is also seen in 
late lesions of the premalignant type. 

Some authors have stressed that parapsoriasis oc- 
curring primarily as small plaques generally shows a 
benign course, whereas larger lesions more often be- 
come malignant. 


The histologic features of the premalignant type include 
marked epidermal thinning, focal exocytosis, and Pautrier- 
like microabscesses. Vacuolization of basal cells overlies a 
dermal bandlike infiltrate of lymphoid cells with vascular 
ectasia, erythrocyte extravasation, and melanin-laden mac- 
rophages. As malignancy supervenes, increasing numbers 
of atypical lymphocytes with hyperchromatic convoluted nu- 
clei are recognized in the epidermis and dermis, and the 
picture resembles that described for mycosis fungoides. 


The transition period between premalignant forms 
of parapsoriasis and mycosis fungoides may involve 
years, and serial biopsies may be necessary to assess the 
progression of this disorder accurately. 


BLISTERING (BULLOUS) DISEASES 


Vesicles and bullae (blisters) occur to a variable 
extent in many skin conditions such as viral infections 
(smallpox), impetigo, eczematous dermatitis, erythema 
multiforme, and lesions induced by mechanical, ther- 
mal, or chemical agents. However, blisters are the 
distinctive primary features of a group of diseases of 
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SUPRABASAL 


SUBCORNEAL 


unknown cause referred to as blistering or bullous 
diseases. Among these are pemphigus, bullous pemphi- 
goid, and dermatitis herpetiformis. Although these three 
diseases have distinctive clinical features, they share a 
number of histologic alterations and, perhaps, overlap- 
ping pathogenetic mechanisms. 

The blistering disorders are the most visually dra- 
matic of the skin diseases. The sight of vesicles, bullae, 
ulcerations, and peeling epidermis may be shocking to 
both seasoned and inexperienced observers. Pemphigus 
vulgaris, the most dreaded of these diseases, is uni- 
formly fatal if untreated. The other two, though less 
serious, cause considerable pain and systemic manifes- 
tations. In this section we will also briefly discuss 
porphyria, a metabolic disorder occasionally associated 
with vesicles and bullae. Figure 27-57 is a schematic 
representation of the three common sites of blister 
formation within the skin. 


PEMPHIGUS 


Pemphigus” refers to a group of uncommon dis- 
eases of the skin characterized clinically by vesicles and 
bullae and histologically by acantholysis. These disor- 
ders are associated with serum autoantibodies directed 
against antigens in the intercellular zones of the epider- 
mis. There are four types of pemphigus: pemphigus 
vulgaris, pemphigus vegetans, pemphigus foliaceus,” 
and pemphigus erythematosus, but by far the most 
common and the most important for the physician to 
recognize is pemphigus vulgaris. 

PATHOGENESIS. Acantholysis is central to all types 
of pemphigus (Fig. 27-58). Very simply, this refers to a 
loss of intercellular connections of keratinocytes. As the 
cells become acantholytic, they lose their polygonal 
configuration and become round. It must be stressed 
that, although acantholysis is typical of pemphigus, it 
occurs in other disorders such as impetigo, herpes 
simplex, and zoster, but these conditions are usually 
easy to distinguish from pemphigus by their clinical and 
histologic features. 

There is strong evidence that autoantibodies di- 
rected against antigens in the intercellular spaces of the 
keratinocytes are the cause of acantholysis in pemphi- 
gus. Immunofluorescence studies show both immuno- 


Figure 27-57. Schematic representation of sites of 
blister formation. In subcorneal blister, stratum cor- 
neum forms roof of bulla (as in impetigo or pemphi- 
gus foliaceus). In a suprabasal blister, a portion of 
epidermis including stratum corneum forms the roof 
(as in pemphigus vulgaris). In subepidermal blister, 
entire epidermis separates from dermis (as in bullous 
pemphigoid and dermatitis herpetiformis). 


SUBEPIDERMAL 


globulin and complement intercellularly in the skin of 
all patients with active disease (Fig. 27-59). Further, 
patient's serum contains antibodies that react with in- 
tercellular junctions when tested against the patient’s 
own unaffected skin or against normal skin. In addition, 
there is a direct correlation between serum antibody 
titers and the severity of the disease in some, but not 
all, patients. Evidence of activation of the complement 
system in the blister fluid has alsd been found. Finally, 
steroids as well as immunosuppressive drugs not only 
reverse the skin lesions but also cause reduction in the 
titer of autoantibodies. What triggers this autoimmune 
reaction to the patient's own intercellular proteins, 
however, is completely unknown. 

Pemphigus vulgaris most frequently affects those 
between ages 40 and 60 and usually begins as a small 
vesiculobullous eruption focally on the skin and often 
also on the oral mucosa. The lesions then spread in an 
unpredictable fashion to the other parts of the body, 
although normally rubbed or traumatized skin and mu- 
cous membranes are most likely to be affected. The 
bullae of pemphigus are characteristically flaccid with a 
tendency to enlarge. Nikolsky’s sign refers to bulla 
formation induced by firm sliding pressure on the skin 


Figure 27-58. Pemphigus foliaceus. In this rare form, a blister 
results from acantholysis at level of granular cell layer. 


Figure 27-59. Pemphigus vulgaris. Direct immunofluorescence 
study utilizing patient’s skin as substrate, and fluorescein-tagged 
antibody against IgG demonstrates intercellular staining. The un- 
even staining of intercellular areas is frequently observed in pem- 
phigus. 


by a finger. The bullae are transient, presumably be- 
cause they are superficial (intraepidermal rather than 
subepidermal), fragile, and easily rubbed away. Thus, 
the clinical picture of pemphigus vulgaris is dominated 
by extensive erosions of skin and mucous membranes. 
The frequently tender erosions ooze, bleed, and are 
susceptible to infection. Occasionally, extensive skin 
surfaces may be denuded, resulting in serious problems 
in electrolyte balance similar to those occurring in 
extensively burned patients (p. 462). 


Histologically, the earliest change consists of intercel- 
lular edema in the lower epidermis. Loss of intercellular 
bridges follows, leading to loss of cohesion between the 
epidermal cells (acantholysis) and to the formation of mid- 
epidermal or suprabasal clefts filled with fluid and round 
acantholytic cells. Basal cells are separate from one another 
but remain attached to the dermis, much like a row of 
tombstones. The roof of the vesicle may be absent if special 
care has not been taken at the time of biopsy, as it is easily 
sheared from the epidermis by the trauma associated with 
biopsy. Dermal inflammation is slight in early lesions and 
prominent in well-developed ones. Lymphocytes, histiocytes, 
and eosinophils may be seen in the dermal inflammatory 
infiltrate, and rarely eosinophils may be present in the 
epidermis before the development of acantholysis, a finding 
referred to as “eosinophilic spongiosis.” 


Before the availability of corticosteroid therapy, 
patients usually died within 14 months from secondary 
infection or electrolyte disturbances. With corticosteroid 
therapy, pemphigus still remains a serious disease, but 
its course has become more chronic and its mortality 
has been reduced to 40%. 

Pemphigus foliaceus, a variant of pemphigus with a 
more benign course, presents as blisters that rapidly 
become crusted plaques. It differs histologically from 
pemphigus vulgaris by the presence of acantholysis that 
is predominantly subcorneal. 
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BULLOUS PEMPHIGOID 


This form of blistering disease is characterized by 
subepidermal bullae and a chronic, relatively self-lim- 
ited course.“ Although quite rare, bullous pemphigoid 
is more common than the other two major blistering 
disorders, dermatitis herpetiformis and pemphigus. Bul- 
lous pemphigoid usually occurs after the age of 60 and 
is very infrequent before the age of 40. 

Lesions of bullous pemphigoid can occur anywhere 
on the skin, but there is a predilection for the lower 
abdomen, groin, inner aspects of the thighs, and flexor 
surfaces of the forearms. In one-third of patients the 
mouth is involved, but these lesions are small, heal 
quickly, and are much less significant than those of 
pemphigus. The development of typical lesions of bul- 
lous pemphigoid may be heralded by one or more years 
of generalized pruritus in certain individuals.” 


Histologically, early changes consist of vacuolization at 
the dermoepidermal junction and small collections of eosin- 
ophils and mast cells in the dermal papillae. The vacuoles 
coalesce to form a subepidermal bulla; within and below the 
bulla there is an infiltrate of eosinophils, mast cells, lympho- 
cytes, histiocytes, and neutrophils. Epidermal regeneration 
begins within two days of bulla formation at the edges of the 
bulla and extends toward the bulla center. Acantholysis is 
not a feature of bullous pemphigoid. In urticarial lesions, 
which may antecede the development of bullae in some 
individuals, the dermal infiltrate may predominate, with the 
epidermis showing only subtle basal layer vacuolization. 


Immunofluorescence microscopy discloses deposi- 
tion of complement usually with IgG at the dermoepi- 
dermal junction in a linear pattern (Fig. 27-60) at the 
level of the lamina lucida of the basement membrane. 
Circulating antibody directed against the dermoepider- 
mal junction is exhibited in 70% of patients.” It appears, 
then, that bullous pemphigoid may be caused by auto- 
antibodies, but, in contrast to pemphigus, these are 
directed against some component of the lamina lucida 
of the basement membrane of the epidermis rather than 
against intercellular antigens.*” A proposed sequence of 
events in the development of bullous pemphigoid is the 
deposition of immunoglobulin and complement at the 
dermoepidermal junction followed by degranulation of 
mast cells, resulting in the release of eosinophil che- 
motactic factors.°* Release of proteolytic enzymes by 
degranulating eosinophils may then result in damage to 
the lamina lucida of the basement membrane zone and 
the formation of blisters. 


DERMATITIS HERPETIFORMIS 


This rare disorder of the skin is characterized by 
itchy papulovesicular lesions and the presence of IgA at 
the dermoepidermal junction.” Adults 25 to 50 years 
old are the most commonly affected group, although 
children may occasionally present with this disorder. In 
the overwhelming majority of cases of dermatitis her- 
petiformis, IgA and C3 are present at the dermoepider- 
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Figure 27-60. Bullous pemphigoid. A, Skin surface showing typical tense bullae on an erythematous base. B, Direct immunofluorescence 
study using patient’s skin as substrate and fluorescein-tagged antibody against C3. Epidermis is on top. Linear staining of dermoepidermal 
junction for C3, and in many cases for IgG, is characteristic of bullous pemphigoid. 


mal junction of perilesional skin. In addition, there is 
evidence for activation of the alternate complement 
pathway. It is plausible, then, that release of chemotac- 
tic agents and the influx of inflammatory cells are 
responsible for damage leading to vesicle formation. 
There is also a strong association between dermatitis 
herpetiformis and a usually mild or asymptomatic glu- 
ten-sensitive enteropathy (p. 847). A relationship be- 
tween these two diseases is also suggested by the 
association of both diseases with the HLA antigens B8 
and DW3. 


Histologically, early changes include fibrin deposition in 
tips of the dermal papillae. The fully developed lesion con- 
sists of a subepidermal vesicle with predominantly neutro- 
phils and lymphocytes present within and below the vesicle 
(Fig. 27-61). Adjacent to the vesicle are characteristic mi- 
croabscesses in dermal papillae, together with neutrophils 
and nuclear debris scattered along the dermoepidermal 
junction. The site of cleavage, as seen by electron micros- 
copy, is usually below the basal lamina. Immunofluorescence 
microscopy shows IgA and C3 in a granular pattern at the 
dermoepidermal junction, with accentuation in the dermal 
papillae in perilesional and clinically normal skin. Immuno- 
electron microscopic studies have localized these IgA de- 
posits to dermal microfibrillar bundles below the basal lam- 
ina.‘ '°' In some children and adults, IgA deposits are not 
granular but linear in character. These individuals do not 
have gluten-sensitive enteropathy, and this special subset 
of dermatitis herpetiformis has been termed linear IgA 
bullous dermatosis. 


Clinically, dermatitis herpetiformis is characterized 
by symmetric distribution of grouped (hence, herpeti- 
form) vesicles. The earliest sign of incipient eruption is 
marked pruritus and burning, followed 24 to 48 hours 
later by erythematous urticarial lesions. Close inspection 
with a hand lens allows one to see clusters of minute 
vesicles surmounting the erythematous urticarial areas. 
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Figure 27-61. Dermatitis herpetiformis. Separation just below der- 
moepidermal junction is associated with microabcesses of neutro- 
phils in dermal papillae. 


Table 27-3. COMPARISON OF PEMPHIGUS, BULLOUS 
PEMPHIGOID, AND DERMATITIS HERPETIFORMIS 


Acantho- 
lysis 


immuno- 
fluorescence 


Level of 
Blister 


Intercellular 
staining for IgG 
and C3 


Linear staining at 
the dermo- 
epidermal 
junction for IgG 
and C3 


Granular staining 
at the 
dermoepidermal 
junction for IgA 
and usually C3 


Pemphigus Intraepidermal Yes 


Bullous Subepidermal No 


pemphigoid 


Dermatitis 
herpetiformis 


Subepidermal No 


Fully developed lesions are characterized by bilateral, 
symmetric, markedly pruritic, grouped vesicles involv- 
ing shoulders, buttocks, and extensor surfaces of extrem- 
ities. 

The pathogenesis of dermatitis herpetiformis is 
intriguing. Studies have shown that IgG and IgA anti- 
bodies that cross-react with gluten proteins are present 
in many patients with this condition.’ These antibodies 
react with reticulin fibrils directly beneath the basement 
membrane of the skin or may be deposited there as 
circulating immune complexes. Genetic factors may play 
a role in prolonged circulation of immune complexes in 
these patients.‘ Skin lesions usually respond to oral 
administration of sulfonamides. Therapy with a gluten- 
free diet! is indicated in persons with gastrointestinal 
lesions and may, in fact, cause remission of skin lesions. 
Table 27-3 compares the main features of the three 
blistering diseases: pemphigus, bullous pemphigoid, 
and dermatitis herpetiformis. 


PORPHYRIA 


Porphyria refers to a group of uncommon inborn 
or acquired metabolic disturbances of porphyrin metab- 
olism.‘® Porphyrins are pigments normally present in 
hemoglobin, myoglobin, and cytochromes. 

The classification of porphyrias is based on clinical 
and biochemical features. The five major types include 
congenital erythropoietic porphyria, erythrohepatic 
protoporphyria, acute intermittent porphyria, porphy- 
ria cutanea tarda, and mixed porphyria. The most 
commonly observed is the acquired type, porphyria 
cutanea tarda. Another acquired form occurs after inges- 
tion of specific hepatotoxins such as hexachlorobenzene. 
Epidemics of acquired porphyria have been described 
in persons who ingested wheat treated with this hepa- 
totoxic fungicide. 

The pathogenesis of these skin manifestations is not 
completely understood. However, it is clear that cuta- 
neous photosensitivity occurs at wavelengths of maximal 
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absorption of ultraviolet light by the porphyrin mole- 
cule. 

Cutaneous manifestations of hypersensitivity to 
light usually occur in both inherited and acquired types 
of porphyria, and consist of urticarial lesions and vesicles 
that heal with scarring and thickening of the skin. 

Histopathologic changes in porphyria include 
edema of the papillary body, vesicle formation, and 
scarring around vessels.!° The subepidermal vesicle of 
porphyria cutanea tarda characteristically exhibits de- 
formed dermal pegs jutting into the blister cavity, a 
picture described as “festooning.” Sun-exposed skin 
exhibits deposition of eosinophilic material in the der- 
mis, particularly about vessels (Fig. 27-62); this material 
is PAS positive and diastase resistant. The substance is 
filamentous when viewed under the electron microscope 
and is apparently produced by fibroblasts. 


INFECTION AND INFESTATION 


The skin is subject to attack by a variety of micro- 
organisms, parasites, and insects: In most instances 
there is successful resistance of the skin to invading 
organisms. Depending on the virulence of the infecting 
agent, however, and the competence of the host's 
response, infections and infestations may result. 

Many disorders such as herpes simplex and zoster, 
the viral exanthems, and the deep mycoses are discussed 
in Chapter 8. Here, we shall cover a small number of 
rather common infections and infestations whose pri- 
mary clinical manifestations are in the skin. 


ae 


Figure 27-62. Porphyria (erythrohepatic protoporphyria). PAS-pos- 
itive material is present at dermoepidermal junction and about 
dermal vessels. 
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Figure 27-63. Verruca vulgaris, low power, showing hyperkeratosis, hypergranulosis, and papillary epidermal hyperplasia. 


VERRUCAE (WARTS) 


Verrucae are very common hyperplastic epidermal 
lesions prevalent in children and adolescents and caused 
by papovaviruses.'*’ The presumed mode of transmis- 
sion of virus includes contact and autoinoculation. 


The classification of verrucae is based largely on gross 
morphology and location. Verruca vulgaris is the most 
frequent type of wart and may occur anywhere on the skin 
or oral mucosa; common areas of involvement are the hands, 
particularly the dorsal surfaces and periungual areas (Fig. 
27-63). In these areas, verrucae appear as gray-white or 
brown and are covered with a rough, horny surface; their 
sizes vary from 1 to 10 mm. Verruca plana or flat wart is 
common on the face and dorsal surfaces of hands. These 
verrucae are slightly elevated, flat, smooth, tan papules, 
measuring 2 to 5 mm across. 


Verruca plantaris or palmaris occurs on the soles or 
palms, respectively. These hyperkeratotic lesions measure 
3 to 15 mm across. When the keratin is removed, soft white- 
tan granular tissue is seen. Further curettage reveals pin- 
point bleeding points. Condyloma acuminatum or venereal 
wart occurs on the penis, female genitalia, urethra, perianal 
areas, and rectum. These lesions appear as soft, tan, 
raspberry- or cauliflower-like masses (p. 1082). 

Histologic features characteristic of all verrucae include 
epidermal hyperplasia, vacuolization of the cytoplasm of 
keratinocytes, and the presence of eosinophilic cytoplasmic 
inclusions and deeply basophilic nuclei (Fig. 27-64). 
Clumped keratohyaline granules are also common in all 
types of verrucae, except condyloma acuminatum. Numer- 
ous intranuclear viral particles are seen by electron micros- 
copy, and viral antigens may be demonstrated immunologi- 
cally in tissue showing the cytopathic alterations described. 


The viruses causing the different types of verrucae 
are called papilloma viruses and belong to the DNA- 
containing papovavirus group. Serologically different 
types of these viruses have been shown to cause the 
different clinical and histologic types of verrucae. 


MOLLUSCUM CONTAGIOSUM 


Molluscum contagiosum is a common viral disease 
of the skin that gives rise to characteristically umbili- 
cated papules.’ The etiologic agent is a poxvirus that 
is characteristically brick shaped, measuring 300 x 240 


Figure 27-64. Verruca vulgaris, early lesion. Normal epidermis (left) 
is adjacent to epidermis showing cytopathic effects of virus infection 
(ballooning cells, nuclear inclusions). Antibodies to papilloma virus 
antigens show reactivity in these morphologically altered cells by 
the immunoperoxidase technique (inset). 


Figure 27-65. Molluscum contagiosum. A, Architecturally lesions 
are cup shaped with distinct edges. B, Numerous epidermal cells 
contain “molluscum bodies,” cytoplasmic aggregates of virions in 
an altered cytoplasmic material. 


x 230 nm with a dumbbell-shaped DNA core. Spread 
of infection occurs by direct contact and autoinoculation, 
but fomites may also be a means of transmission. 


Molluscum contagiosum is most common in children 
and young adults, especially males. Multiple lesions, be- 
tween 3 and 30, occur on skin and mucous membranes, 
especially the trunk and anogenital areas. Individual lesions 
appear as waxy pink or skin-colored, firm, pruritic papules 
with umbilicated centers. These papules measure 2 to 4mm 
in diameter but can attain a size of 6 to 10 mm across. A 
curdlike material can be expressed from the central umbili- 
cation. With Giemsa stain this material shows characteristic 
molluscum bodies. 

Histologically, there is epithelial hyperplasia with epi- 
dermal growth downward in lobules (Fig. 27-65). The path- 
ognomonic structure is the “molluscum body,” which occurs 
as a large (up to 35-micron) homogeneous cytoplasmic 
inclusion in the stratum granulosum and stratum corneum. 
These inclusions contain replicating virions. 


Spontaneous involution of these lesions usually 
occurs within two months, but occasionally some persist 
as new lesions develop. 


IMPETIGO 


This common superficial staphylococcal or strepto- 
coccal infection of the skin is characterized by erosive 
lesions covered with honey-colored crusts. Impetigo 
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tends to affect children and adults in poor health. Among 
infants, impetigo is highly infectious. 


Infection and Infestation 


Impetigo usually involves exposed skin, particularly that 
of the face and hands. It begins as a group of small red 
macules that become pustular. The pustules break, leading 
to the appearance of erosions, usually less than 2 cm across. 
Over the erosions, drying serum forms a honey-colored 
crust, the clinical hallmark of impetigo. If the crust is not 
removed, the process tends to expand laterally, forming 
satellite lesions. Neglected cases show deep extension with 
destruction of the full thickness of the epidermis. Ecthyma 
refers to ulcerated impetigo. Fever, adenopathy, and other 
systemic signs often accompany the more severe patterns 
of involvement. 

The characteristic microscopic feature is a subcorneal 
blister filled with neutrophils and acantholytic keratinocytes 
(Fig. 27-66). Special stains may reveal the presence of 
organisms within the blister. Below the blister the epidermis 
shows spongiosis, and neutrophils can be observed extend- 
ing from the dermis into the epidermis. In the dermis, a 
perivascular infiltrate of lymphocytes and neutrophils is ap- 
parent. The pustule is short-lived and it ruptures, resulting 
in an erosion covered by a crust composed of serum, 
neutrophils, and nuclear and keratinaceous debris. 


The etiologic agents are usually coagulase-positive 
staphylococci and/or group A beta-hemolytic strepto- 
cocci. Nephritogenic strains of streptococcus cause im- 
petigo, particularly in tropical areas and the southern 
United States.1° In some epidemics, 4% of patients 
with impetigo have had associated glomerulonephritis. 


FUNGAL INFECTIONS OF SKIN 


Fungal infections of the skin are classified into 
superficial and deep types. The superficial fungal infec- 
tions are also referred to as ringworm or dermatophy- 
tosis..° The infecting organisms are limited to the 
cornified layer (or sometimes the granular layer) of the 
epidermis and hair. Exceptionally, there is erosion of a 
hair follicle and release of organisms into the dermis 
(Majocchi’s granuloma). Organisms often responsible for 
superficial fungal infections include Trichophyton ru- 


Figure 27-66. Impetigo. Aggregates of neutrophils associated with 
bacteria are within stratum corneum; subcorneal blisters containing 
neutrophils and acantholytic keratinocytes also occur. 
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brum, Microsporum canis, and Malassezia furfur. Deep 
fungal infections (p. 352) involve the epidermis, dermis, 
and subcutis; visceral involvement is common, espe- 
cially in immunosuppressed patients. Although infec- 
tions by most Candida species are superficial, deep and 
visceral involvement can be observed in patients with 
decreased immunity. 
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Superficial Fungal Infections 


Dermatophytes grow in soil, on animals, and on 
human beings. Tinea capitis refers to dermatophytosis 
of the scalp; tinea barbae, of the beard; tinea corporis, 
of the trunk and extremities; tinea cruris, of the ano- 
genital region (jock itch); tinea manus and pedis, of the 
hands and feet (athlete’s foot); and onychomycosis, of 
the nails. 

Tinea capitis usually occurs in children, rarely in 
infants or adults. Mild tinea capitis is characterized by 
symptomless, apparently hairless patches on the scalp 
associated with mild erythema, crust, and scale. The 
markedly inflammatory types of tinea capitis, called 
kerion, exhibit painful, boggy, inflamed nodules asso- 
ciated with pustular folliculitis. 

Tinea barbae affects adult men and is a relatively 
uncommon disorder. It may exhibit lesions of the mildly 
or markedly inflammatory types described above. 

Tinea corporis affects all ages, but children seem 
to be the most susceptible. Conditions that predispose 
to infection include excessive heat and humidity, expo- 
sure to infected animals, and chronic tinea pedis or 
onychomycosis. The most common type of tinea corporis 
begins as a papule that expands centrifugally with a 
leading red circinate border, which is elevated and 
scaling and may show papulovesicles. Other clinical 
manifestations of tinea corporis include large scaling 
plaques, mounds of vesicles, kerion-like lesions (see 
above), and scaling patches associated with red nodules. 
The latter, usually on the legs of women, represents an 
uncommon variant of tinea corporis called Majocchi’s 
granuloma, or granulomatous folliculitis and_perifol- 
liculitis.’!! 

Tinea cruris (“jock itch”) occurs most frequently in 
obese men during warm weather. Conditions that pre- 
dispose to infection include heat, friction, and macera- 
tion. This infection usually first appears on the upper 
inner thighs with gradual extension of well-demarcated 
moist red patches with raised scaling borders. 

- Tinea pedis affects 30 to 40% of the population. 
Clinical manifestations of tinea of the hands or feet 
include (1) persistent diffuse erythema and scaling, (2) 
vesiculobullous lesions, and (3) macerated tissue be- 
tween the toes associated with malodor, pruritus, and 
sometimes erythema. 

In onychomycosis, peripheral discoloration of the 
nailplate, which gradually extends proximally, is asso- 
ciated with thickening and deformity of the nail and 
subungual disintegration.‘ 

Tinea versicolor usually occurs on the upper trunk 
and is highly distinctive in its appearance. Caused by 
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Figure 27-67. Tinea versicolor. Numerous fungal forms (arrow- 
heads) are present in the stratum corneum. 


Malassezia furfur, the lesions consist of groups of mac- 
ules of all sizes, lighter or darker than surrounding skin, 
with a fine peripheral scale. 


The histology of all dermatophytoses varies according 
to host response to infecting organisms. Fungal cell walls, 
rich in mucopolysaccharides, stain bright pink to red with the 
PAS stain. They are present in the anucleate cornified layer 
of the skin, hair, or nails, since dermatophytes live on and 
digest keratin (Fig. 27-67). A dermal lymphohistiocytic infil- 
trate loosely disposed about vessels is usually present. 
Eosinophils are sometimes seen. Epidermal spongiosis, 
acanthosis, hyperkeratosis, and parakeratosis are variable 
features and can be expected to correlate with the clinical 
appearance of the lesions, e.g., the degree of exudation, 
thickening, and scaling of the skin. 


ARTHROPOD BITES AND STINGS 


Arthropods are virtually ubiquitous, and most hu- 
man beings are prone to their bites and stings and the 
other discomforts they cause. The arthropods include 
Arachnida: spiders, scorpions, ticks, mites; Insecta: lice, 
bedbugs, bees, wasps, fleas, flies, mosquitoes; and 
Chilopoda (centipedes). All can cause skin lesions, but 
there is wide variability in the reaction patterns of 
individuals. Some persons suffer minimal symptoms, 
others considerable discomfort, and some may die as a 
consequence of a bite or sting. Arthropods can produce 
lesions in several ways: (1) the lesions may be caused 
by a direct irritant effect of arthropod parts or of 
substances excreted by the arthropod; (2) some venoms 
may cause specific effects—e.g., that of the black widow 
spider causes severe cramping and excruciating pain; (3) 
in some cases, immediate or delayed hypersensitivity to 
body parts or secretions occurs; (4) arthropods can serve 
as vectors for bacteria, rickettsia, or parasites. 

Insect bites usually manifest themselves at the site 
of the bite by a firm papule or nodule, sometimes with 
ulceration, which may last several weeks. Histologically, 
there is a relatively dense cellular infiltrate in the dermis 
and underlying subcutaneous tissue. It is composed 
chiefly of eosinophils, lymphocytes, and monocytes. 


Occasionally, parts of the insect may actually be seen in 
the dermis surrounded by a foreign body reaction. 
Lymphoid hyperplasia in the skin may also be seen in 
some patients. 

Scabies is a contagious pruritic dermatosis caused 
by the itch mite Sarcoptes scabiei.' The female mite 
produces burrows (linear, poorly defined streaks, 2 to 6 
mm in length) on the interdigital skin, palms, fingers, 
and wrists, the periareolar region in women, and the 
genital area in men. Excoriations are commonly seen. 
Histologically, the burrow traverses the keratin layer, 
and the female mite may be seen in the blind end of 
the burrow. Usually there is edema of the epidermis in 
the regions affected. The underlying dermis shows a 
nonspecific, chronic inflammatory infiltrate composed 
chiefly of lymphocytes. 

Pediculosis is caused by the head louse, crab louse, 
and body louse. The disease is pruritic, and the louse 
or its eggs attached to the hair shafts can usually be 
seen with the unaided eye. In pediculosis of the scalp, 
impetigo and enlarged cervical lymph nodes may be 
frequent complications, especially in children. The pu- 
bic louse may be transmitted through sexual contact. 
Infection with the body louse (“vagabond’s disease’) is 
usually characterized by areas of hyperpigmentation and 
scratch marks. Occasionally, a peculiar bluish pigmen- 
tation occurs in spots. The pigmentation is thought to 
be due to small hemorrhages induced by the bite of the 
insect. The histologic picture is nonspecific. 
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The consideration of the musculoskeletal system muscles, (2) bones, (3) joints, and (4) tendons, fasciae, 
will be divided into the following subdivisions: (1) and supporting structures. 


Skeletal Muscle 


NORMAL 
PATHOLOGY 
Basic Reactions of Skeletal Muscle to Injury 
Muscular atrophy 
segmental necrosis 
Myofiber disfigurative changes 
Myofiber volumetric changes 
Microbiologic Injuries to Muscle 


Rhabdomyoma 
Rhabdomyosarcoma 
Pleomorphic rhabdomyosarcoma 
Alveolar rhabdomyosarcoma 
Embryonal and botryoid 
rhabdomyosarcoma 
Granular cell tumor 


Muscular Dystrophies 

Congenital Myopathies 

Myasthenia Gravis (MG) 

Tumors and Tumor-like Lesions of Muscles 
Traumatic myositis ossificans 
Desmoid tumor (aggressive fibromatosis) 
Palmar fibromatosis 
Nodular (pseudosarcomatous) fasciitis 


NORMAL 


The muscle cell is a marvelous example of adapta- 
tion of structure to function. A wealth of literature is 
available pertaining to its structural organization.!> Re- 
marks here will be limited to those essentials necessary 
for an understanding of the subsequent discussions. The 
striated muscle cell (myofiber) has a diameter ranging 
from 10 to 100p and is of considerable length. Indeed, 
in short muscles, the cell may extend from one tendi- 
nous insertion to the other. It is enclosed within a 
plasma membrane itself surrounded by an extracellular 
structureless layer of polysaccharides, resembling the 
glycocalyx of epithelial cells. A thin connective tissue 
investment—the endomysium—encloses each fiber and 
separates adjacent fibers. A similar investment—the 
perimysium—encloses groups or fascicles of fibers. 

The nuclei are dispersed along the length of the 
myofiber closely approximated to the plasma membrane. 
The sarcoplasm contains mitochondria, Golgi apparatus, 
ribosomes, sarcoplasmic reticulum, other tubules, and 
an abundance of myofibrils. The number of mitochon- 
dria varies with the specific functional activity of the 
cell. Thus, cardiac muscle cells contain many more 
mitochondria than the cells of skeletal muscle, which 
have lower oxidative requirements. 

Most of the myofiber mass is made up of a parallel 
array of delicately spindled thick and thin myofilaments 
that lie in register across the width of the myofiber. It 
is the transverse registration of the thick, myosin- 
containing filaments that creates the dark A band (ani- 
sotropic), which is bisected in its midregion by a pale 
H zone having a central dark M band (Fig. 28-1). 
Analogously, the thin actin myofilaments lie in register 
attached at one end to a thin dense Z line and interdi- 
gitating at the other end with the thick filaments. The 
zone adjacent to the Z line made up of only actin 
filaments creates the light-appearing I (isotropic) band. 
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The alternation of A and I bands produces the well- 
known cross striations of skeletal and cardiac muscle. 
The segment of myofiber demarcated by adjacent Z 
bands comprises a functional contractile unit, the sar- 
comere. It was Huxley who first proposed that muscle 
shortening occurs by sliding of the thin filaments be- 
tween the thick filaments toward the center of the 
sarcomere. The summation of shortening of all sarcom- 
eres accounts for contraction of the entire myofiber and 
muscle. Overcontraction causes approximation of A 
bands obscuring the lighter I bands to create darkly 
staining contraction bands. Although the entire myofi- 
ber constitutes a single muscle cell, disease may involve 
only one or more sarcomeres leaving the remainder to 
degenerate or regenerate. 

Certain ultrastructural specializations of the myofi- 
ber are intrinsic to its contractile function. One is a 
system of cross bridges linking the thick and thin 
filaments. These are small, regularly spaced lateral 
projections of the thick myofilaments that are thought 
to play a role in the integration of their function across 
the width of the myofiber. A second specialization is a 
transverse tubular (T) system quite separate from the 
endoplasmic reticulum, also called “sarcoplasmic retic- 
ulum.” The T tubules arise at the periphery of the 
myofibers as deep invaginations of the plasma mem- 
brane. Thus, their lumina are extensions of the intersti- 
tial space and so provide a pathway for the transmission 
of ionic shifts during contraction to the myofilaments 
within the sarcomere. The numerous close approxima- 
tions of the sarcoplasmic reticulum to the T system 
provide a structural network for the delivery of calcium 
ions to myofilaments, initiating contraction. Another 
highly important specialization of each muscle fiber is 
the neuromuscular junction also referred to as motor 
endplate. The junction is marked by a shallow depres- 
sion in the myofiber surface from which synaptic troughs 
invaginate the plasma membrane. An unmyelinated 
terminal nerve branch of a motor nerve lies within each 
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the most superficial myofibrils of the other (be/ow). Principal features of pattern of cross striations 
are identified on figure. (x 34,000.) (Courtesy of Bloom, W., and Fawcett, D. W.: A Textbook of 
Histology. 9th ed. Philadelphia, W. B. Saunders Co., 1968, p. 277.) 


synaptic trough, separated from the myofiber membrane 
by a thin extension of a Schwann cell and a scant amount 
of basement membrane-like material. The terminal 
axons have numerous small, synaptic vesicles containing 
acetylcholine. It is the release of this neurotransmitter 
and its contact with the myofiber membrane that invokes 
the calcium shift and so induces myofiber contraction. 
Groups of myofibers, not necessarily contiguous, inner- 
vated by a single anterior horn cell constitute a motor 
unit. 

The muscles of the body can be divided into two 
classes, although there are additional subsets. One is 
designated “slow-twitch” and is involved predominantly 
in tonic contraction in the maintenance of posture. The 
myofibers in these muscles (type I) stain darkly and are 
rich in myoglobin and oxidative enzymes. The other 
class comprises the “fast-twitch” muscles involved 
mainly in phasic movement. These muscles are made 


of light-staining fibers rich in glycolytic enzymes. All: 


the myofibers within a motor unit are of the same type. 
The difference between type I and type II fibers pre- 
sumably reflects functional activity since reversal of their 
innervation is followed by reversal of fiber type.® In 
some of the disorders of muscle, in particular the 
congenital myopathies, certain fiber types tend to show 
the most marked morphologic changes. 

Regeneration of muscle cells is a poorly understood 
but important feature of many forms of muscular disease. 


If only some of the sarcomeres degenerate, the remain- 
der of the muscle cell may die, or it may break and 
regenerate by “budding” of the severed ends. Sarcolem- 
mal nuclei by migration create a terminal bud that fuses 
with primitive myoblasts found between myofibers. 
Myoblasts are normally present between muscle cells 
as small, spindle-shaped “satellite cells” capable of be- 
coming activated and myogenic in response to injury.’ 
The elaboration of sarcoplasm and its ultrastructural 
components by the myoblasts may thus regenerate a 
muscle fiber in continuity with the preserved fragment. 
Often, however, the regeneration produces a mis- 
shapen, multinucleated, sarcoplasmic mass seen as a 
muscle giant cell in tissue sections. With death of an 
entire fiber, mononuclear myoblasts align in a single 
row and fuse. There follows a process recapitulating the 
fetal development of muscle cells. The spindled myo- 
blasts acquire more cytoplasm, and myofilaments and 
cross striations appear. The myofilaments are at first 
confined to the periphery of the cells, leaving a central, 
clear, cytoplasmic zone that gives the appearance of a 
hollow tube. Increased synthesis of myofibrils eventually 
fills the cytoplasm and pushes the nuclei to their pe- 
ripheral characteristic sarcolemmal location. These proc- 
esses account for the varying cytologic patterns seen in 
sarcomas of muscle cell origin (rhabdomyosarcomas), as 
will be evident later. Against this background we can 
turn to the disorders of skeletal muscle. 
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PATHOLOGY 


Disorders of skeletal muscle (myopathies) occur in 
a variety of systemic diseases as well as in certain 
primary muscular disorders. In general, these myopa- 
thies comprise a relatively small and peripheral area of 
pathologic practice. To recount all the conditions in 
which the skeletal muscles may be affected would entail 
listing many of the disorders that have already been 
presented. For example, staphylococcic infections may 
secondarily involve muscle fibers. Muscular involve- 
ment is a prominent feature of scleroderma and der- 
matomyositis. Muscle cell injury is encountered in 
chronic alcoholism, trichinosis, and typhoid fever, to 
cite only a few examples. Immobilization of an extremity 
either by an injury or by paralysis (e.g., stroke, polio- 
myelitis) is followed by muscular atrophy. Thus, the 
skeletal muscles are the seat of numerous morphologic 
changes in many different states. 

The present consideration will be largely confined 
to a description of the basic reactions of muscle to 
various forms of injury. The number of these morpho- 
logic reactions is limited because the same basic reaction 
may have different causes. To interpret the meaning of 
these reaction patterns, and thus establish a pathoge- 
netic mechanism and a clinical diagnosis of muscular 
disease, it is necessary to: (1) identify the basic pattern 
of muscle injury, (2) determine the distribution of 
muscle involvement, and (3) ascertain the coexistence 
of other organ involvements and possible etiologic 
mechanisms. 

After a review of some basic reactions of muscle to 
injury, a few specific categories of disease will be 
discussed. 


BASIC REACTIONS OF SKELETAL 
MUSCLE TO INJURY 


The basic morphologic reflections of injury in mus- 
cle cells can be encompassed within the following cat- 
egories: (1) muscle atrophy, (2) segmental necrosis, (3) 
myofiber disfigurative changes, and (4) myofiber volu- 
metric changes. 


MUSCULAR ATROPHY 


Atrophic changes may result from very diverse 
derangements. Atrophy of muscle occurs with aging, 
perhaps related to gradual reduction of blood supply, 
and with immobilization, malnutrition, and chronic ill- 
ness and particularly in denervation. Whatever the 
setting, the anatomic changes are more or less uniform 
and have been best studied in denervated muscles. 


The first observable change involves the sarcolemmal 
nuclei, which become rounded, plump, somewhat hyper- 
chromatic, and sometimes internalized within the myofiber 
to assume central or eccentric intrasarcoplasmic locations. 
There follows over the span of weeks slow, imperceptible 


diminution in myofiber size, which is responsible for some 
loss of the total muscle mass. Despite this contraction, cross 
striations persist, although longitudinal striations may be 
somewhat obscured. Lipofuscin pigmentation now becomes 
evident. Accompanying such loss of myofiber mass, there 
may be some apparent increase in the endomysial and 
perimysial connective tissue, which may now accumulate 
scattered fat cells. As the atrophic process continues, myofi- 
ber degenerative changes make their appearance. Scattered 
fibers become more opaque, with progressive disappear- 
ance of cross striations and clumping of the cytoplasm. Such 
fibers are of uneven diameter and in places are narrowed 
to slender tubes of collapsed sarcolemmal membrane. Phag- 
ocytic macrophages and scattered lymphocytes accumulate 
about such disintegrating myofibers. The sarcolemmal tube 
may appear to fragment and the macrophages proceed to 
engulf the cellular debris. Condensation of the sarcolemmal 
sheaths and endomysium contributes to the accumulation of 
apparent fibrous tissue. 

Electron microscopic and biochemical studies confirm 
that with loss of fiber size there is progressive disappearance 
of myofilaments, beginning in the periphery of the myofiber. 
These changes are accompanied by a decrease in size and 
number of mitochondria, progressive loss of glycogen gran- 
ules, an increase in lysosomes and lipofuscin granules, and 
progressive depletion of oxidative and glycolytic enzymes.® ° 

These microscopic changes, when sufficiently marked, 
cause shrinkage and flabbiness of the entire muscle mass. 
The muscle loses its normal red-brown color and becomes 
yellow to brown, depending on the amount of deposition of 
fat and lipochrome pigment. In far-advanced cases, the 
replacement fibrosis imparts a pale-gray, fibrous quality to 
the shrunken muscle. 


Although the causes of muscular atrophy are legion, 
the most extreme examples are found in disorders that 
deprive motor units of their innervation—denervation 
atrophy. The neural lesion may be located within either 
the spinal cord or peripheral nerves. The atrophy that 
occurs then in poliomyelitis, in peripheral neuritis such 
as is caused by thiamine chloride deficiency and diabetic 
neuritis, and in injuries to peripheral nerves follows the 
pattern of morphologic changes described. The distri- 
bution of the atrophy depends on the pattern of inner- 
vation of affected motor nerves. Denervation atrophy 
may differ slightly from the other forms of atrophy in 
that, in the plane of section, one may find affected 
muscle fibers that have lost their innervation adjacent 
to normal-appearing muscle fibers having an independ- 
ent nerve supply. The diagnosis of denervation atrophy 
can frequently be supported by the demonstration of 
degenerated nerve filaments within the muscle section. 
This type of apparent denervation atrophy is also en- 
countered in certain specific neuromuscular diseases, 
e.g., infantile muscular atrophy, amyotonia congenita, 
progressive muscular atrophy of Aran-Duchenne, and 
amyotrophic lateral sclerosis of Charcot. 


SEGMENTAL NECROSIS 


In different forms of injury, the myofibrillar-sarco- 
plasmic content of the myofiber is damaged without 
apparently the endomysial or perimysial connective 
tissue being affected. Indeed, a few or many, but not 


all, of the sarcomeres in a myofiber are often affected, 
but not the entire myofiber. Such changes can be 
produced by sudden ischemia, physical trauma, ex- 
tremes of temperatures, and microbiologic invasion. 


The process of necrosis begins with acidophilic hyalin- 
ization of affected sarcomeres. This morphologic alteration 
has in the past been called ‘“Zenker’s hyaline degeneration.” 
A variety of events may then ensue. The myofiber may 
sustain transverse fractures, often through the Z lines. Mul- 
tiple fracture lines may induce so-called “shredding” of the 
fiber. The muscle nuclei become pyknotic, the cross stria- 
tions disappear, and, in the course of a few days, neutrophils 
and macrophages invade the necrotic fiber and begin the 
process of removal of the amorphous sarcoplasmic debris 
both by enzymatic digestion and by engulfment. Sometimes 
the sarcoplasm is evacuated, leaving collapsed, hollow, 
sarcolemmal tubes and endomysial cords. In the course of 
time, muscle regeneration can usually be seen from adjacent 
preserved sarcolemmal nuclei or sarcomeres, as described 
earlier. 


MYOFIBER DISFIGURATIVE CHANGES 


The term muscle cell disfiguration has been invoked 
for a diversity of ultrastructural changes associated with 
a range of congenital and hereditary diseases. 


Some of these disfigurations can be identified under the 
light microscope, but most require electron microscopic 
studies of appropriately preserved and processed tissue. It 
should be cautioned that inappropriate fixation and process- 
ing of muscle fibers can lead to a variety of artifacts readily 
misinterpreted as disfigurative. In many instances, the disfig- 
urations are diagnostic of specific forms of congenital my- 
opathies, discussed later (p. 1310). For example, dense 
cores of sarcoplasm devoid of myofilaments are found in the 
center of myofibers in central core myopathy. Electron-dense 
rods are typical of nemaline (rod-body) myopathy. Abnor- 
malities in mitochondrial size, shape, and number are seen 
in the so-called mitochondrial myopathies. Accumulation of 
glycogen granules with disarray of the myofilaments and 
sarcoplasmic reticulum are encountered in certain glycogen 
storage diseases. 


These disfigurative changes are encountered much 
less frequently than such basic reactions as myofiber 
atrophy and necrosis. 


MYOFIBER VOLUMETRIC CHANGES 


Abnormalities in fiber size may take the form of: 


shrinkage of fibers—as in atrophy—or hypertrophy of 
fibers, for example, in the adaptation to increased 
workloads. Both forms of volumetric change may occur 
together. Denervation of a motor unit may lead to 
decrease in the size of a group of fibers, which in turn 
imposes an increased workload on adjacent fibers having 
normal neural connections, which then undergo “work’’ 
hypertrophy. Thus, abnormally large fibers are fre- 
quently encountered in diseases when there have been 
focal, atrophic, or degenerative changes in muscles. 


1307 


Volumetric abnormalities are particularly prominent in 
Duchenne muscular dystrophy. Enlargement of certain 
muscles, particularly in the leg but sometimes in the 
upper extremities, is encountered in this hereditary 
syndrome, accounting for the synonym pseudohyper- 
trophic muscular dystrophy. Whether the myofiber hy- 
pertrophy is an early stage of the dystrophy that will in 
time lead to progressive shrinkage of the dystrophic 
fibers is uncertain. It should be cautioned that true 
myofiber hypertrophy, which may produce abnormal 
enlargement of the entire muscle mass, must be differ- 
entiated clinically from the spurious increase in muscle 
mass produced by the accumulation of fat cells accom- 
panying myofiber atrophy. 


Skeletal Muscle 


MICROBIOLOGIC INJURIES TO MUSCLE 


Damage to muscle cells may occur from direct 
invasion by bacteria, viruses, parasites, or fungi. Also, 
many bacterial toxic products, such as those produced 
by Clostridium perfringens, injure muscle cells. 


Any of these forms of myopathy, better called myositis, 
may involve one or many muscles and, in the affected 
muscles, may present as sharply focalized or diffuse lesions. 
The pattern of reaction has already been described as 
segmental necrosis (p. 1306). In the foci of damage, there 
is usually a fairly prominent inflammatory cell infiltration 
accompanying the cytologic changes within the muscle cells. 
Depending on the underlying cause, injured muscle cells or 
totally necrotic muscle cells that have undergone fatty 
changes or coagulative necrosis are found, along with in- 
flammatory white cell infiltration. The leukocytic response 
comprises neutrophils if the process is acute, or lympho- 
cytes, histiocytes, and monocytes if the process is chronic. 
In later stages, there is more or less fibrous replacement of 
damaged cells and compensatory hypertrophy of marginal 
preserved cells. When the muscle is actually invaded by the 
causative agent (as occurs in abscess formation caused by 
staphylococci or streptococci, infection by trichinae or the 
spreading infections of Clostridium perfringens, toxoplas- 
mosis, cysticercosis, or trypanosomiasis), serial sections, 
special stains, and cultural techniques sometimes permit 
identification of the underlying etiologic agent at the site of 
injury. 

In the forms of myopathy encountered in typhoid fever, 
influenza, pneumonia, and smallpox, the muscle cell injury 
is usually confined to the sarcoplasmic substance of the 
muscle cell. Generally, the sarcolemmal sheath, the intersti- 
tial connective tissue, and the perimysium are little affected 
and the inflammatory infiltrate is correspondingly less prom- 
inent. 

These inflammatory diseases of muscle differ his- 
tologically from the muscular dystrophies. In the latter, 
the leukocytic reaction is more scant and regenerative 
activity is minimal, whereas in the inflammatory condi- 
tions, considerable regrowth of injured or partially dam- 
aged muscle cells may occur and compensatory hyper- 
trophy of unaffected cells fills in the gap produced by 
the loss of muscle cells. 


In addition to the various diseases already men- 
tioned, inflammatory myositis may be encountered in 
any of the so-called connective tissue diseases, but in 
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these instances the nature of the muscle involvement 
can be identified only by the characteristic alterations 
in blood vessels and organs that accompany the muscle 
changes (Chapter 5). Mvositis is one of the most prom- 
inent features of Weil’s disease. An obscure form of 
primary myositis involving many muscles simultane- 
ously is termed polymyositis. In all forms of myositis, 
the inflammatory changes are similar and may only be 
termed myositis. Differentiation of one condition from 
the other requires a knowledge of associated anatomic 
changes and the clinical findings. 


THE MUSCULOSKELETAL SYSTEM 


MUSCULAR DYSTROPHIES 


Muscle weakness, atrophy, and loss of tendon re- 
flexes may have their origins in (1) primary disorders of 
muscle fibers, (2) spinal cord damage, or (3) peripheral 
nerve lesions. Here we are concerned with a group of 
genetic disorders, usually familial, that lead to weakness 
of muscle-——the muscular dystrophies. Although there 
are many overlaps, differentiation among these syn- 
dromes depends on (1) age of onset, (2) mode of genetic 
transmission, (3) the clinical pattern and sequence of 
the appearance of muscle weaknesses, and (4) the rate 
of progression and ultimate gravity. These differences 
are cited in Table 28-1. Although all the dystrophies 
are considered to be inherited disorders, involvement 
of family members cannot be identified in many cases. 


A latent recessive trait in forebears or sporadic sponta- 
neous mutation may account for the remaining cases. 
Despite clinical differences, the myofiber changes in the 
various dystrophic syndromes are basically the same. 
In contrast, a number of muscular disorders that closely 
simulate the dystrophies clinically but are marked by 
fairly specific morphologic changes in the myofibers, as 
pointed out later, are referred to as congenital myop- 
athies. 


MORPHOLOGY. The anatomic changes in all dystrophic 
muscles have been characterized as “living, dying, dead 
and regenerating muscle fibers in varying proportions ac- 
cording to the stage of the disease.”'° Moreover, each cell 
is affected individually, leading to juxtaposition of healthy 
cells with those dead, dying, or regenerating. Macroscopi- 
cally, involved muscles may appear normal in size; may be 
shrunken, flabby, and pale, as myofibers are replaced by 
fibrous tissue and fat; or may even be deceptively enlarged 
by the accumulation of fat and fibrous tissue. Long before 
such gross alterations become apparent, individual cells 
become necrotic. The dying process involves a sequence of 
changes, often beginning with acidophilic “contraction 
bands,” described earlier (p. 1304). This is followed by 
disorganization of the parallel myofilaments, creating sar- 
coplasmic masses. Thereafter, clumping and fragmentation 
of the sarcoplasm occurs, sometimes accompanied by in- 
ternalization of sarcolemmal nuclei. An increase of auto- 
phagic vacuoles, residual bodies (lipofuscin), and intrafiber 
fat vacuoles accompanies this process. Less frequently, 
death of myofibers is first marked by loss of the A or | bands. 


Duchenne type 


Table 28-1. MUSCULAR DYSTROPHIES 


Inheritance 
X-linked recessive 


Age at Onset 
Early childhood 


Major Clinical Features 


Course 


Symmetric weakness; initially 


Becker type 


Facioscapulohumeral 


Limb-girdle 


Myotonic dystrophy 


Ocular myopathy 


X-linked recessive 


Autosomal dominant 


Autosomal recessive 


Autosomal dominant 


2?Autosomal dominant 


Second decade 


Childhood to late 
adult life 


Variable onset first 
to sixth decade 


Infancy to middle 
adult life 


Variable 


pelvifemoral; later weakness in 
leg, shoulder girdle, and then 
trunk muscles; “pseudohyper- 
trophy” of calves; reduced in- 
telligence; cardiac involvement 


Milder variant of Duchenne 
type 


Usually facial weakness first; 
scapular weakness; humeral 
weakness 


Two variants: (1) pelvifemoral 
weakness; (2) shoulder girdle 
weakness 


Weakness and myotonia 
(difficulty in relaxation) of distal 
muscles, e.g., hands and feet; 
frontal baldness; cataracts; 
testicular atrophy; cardiac 
involvement 


Group of syndromes all having 
weakness in extraocular 
muscles initially; sometimes 
involvement of face, neck, 
limbs 


Progressive; 
inability to walk by 
puberty; death by 
age 20 


“Benign”; ability to 
walk into adult life 


“Benign” course 
not progressive 


Variable 
progression; 
disability within 20 
years 


“Benign’; does not 
shorten life 


Rarely progressive 


Accompanying the regressive alterations is a loss of histo- 
chemical differentiation between type | and type II fibers, but 
neither fiber type is spared. Inconstant and variable abnor- 
malities of the plasma membrane have been described and 
accorded pathogenetic significance. Thereafter, macro- 
phages move in to remove the cellular carcasses. Unin- 
volved, immediately contiguous myofibers may undergo hy- 
pertrophic enlargement. Fully developed disease is 
characterized then by a random pattern of preserved and 
unaffected myofibers, enlarged fibers, shrunken fibers and 
collapsed sheaths bearing recognizable sarcolemmal nuclei, 
and a variable interstitial accumulation of fat and fibrous 
tissue (Fig. 28-2). Continued active cell necrosis may or 
may not be present at this late stage. It is this distinctive, 
irregular pattern of clustered myofiber involvement that prin- 
cipally differentiates the dystrophies from the “motor unit 
atrophies” of spinal and neural denervations. 


ETIOLOGY AND PATHOGENESIS. The origins of the 
muscular dystrophies remain unknown. Theories involv- 
ing myoneural abnormalities or vascular insufficiency 
related to vasoconstrictive influences have largely been 
discarded.'!! Their occurrence, in many instances, as 
familial disorders would logically point to some inborn 
metabolic or biochemical abnormality (e.g., a missing 
enzyme or some abnormality in structural protein), but 
none that can be considered a fundamental defect have 


R < 4 yy 


Figure 28-2. Duchenne’s muscular dystrophy. Biopsy of calf mus- 
cle. There is an obvious focus of active necrosis containing occa- 
sional mononuclears, reduplicated sarcolemmal nuclei, and some 
necrotic and necrotizing muscle fibers with internalization of sarco- 
lemmal nuclei. The surrounding, better-preserved fibers reveal 
marked inequality of cross-sectional diameter with a slight interstitial 
fibrosis. (Courtesy of Dr. William Schoene, Department of Pathology, 
Brigham and Women’s Hospital, Boston, and Harvard Medical 
School.) 
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been identified. In current favor, but without substantial 
proof, is the possibility of some membrane defect.” 
Abnormalities in muscle plasma membranes have been 
visualized with scanning and electron microscopes, es- 
pecially in Duchenne muscular dystrophy. Similar 
membrane alterations in erythrocytes and impaired cap- 
ping of membrane receptors on lymphocytes derived 
from these patients in response to antigenic or mitogenic 
challenge have been described, pointing to a generalized 
membrane defect.’*? However, some of the parents in 
familial cases also had similar capping abnormalities 
without evidence of muscular disease. In the last anal- 
ysis, it is not certain whether these putative membrane 
abnormalities are primary or secondary, but in either 
event all of the dystrophies are characterized by in- 
creased serum levels of a variety of muscle enzymes, 
particularly creatine kinase (CK), and are also marked 
by creatinuria, pointing to abnormally leaky cell mem- 
branes. 

CLINICAL SYNDROMES. All the dystrophies are rare 
and have a prevalence of about 5 to 40 per million 
population. Only the more common Duchenne type 
and myotonic dystrophy will be briefly characterized.“ 

The Duchenne (pseudohypertrophic) muscular dys- 
trophy is the most disastrous; it appears early in life, is 
rapidly progressive in most cases, and usually causes 
death by 20 years of age. As a sex-linked recessive 
condition it is limited to males, who generally have 
unaffected mothers unless those mothers are concur- 
rently suffering from Turner's syndrome. Occasionally, 
female carriers have mild symptoms. The fully expressed 
condition typically begins in infancy with pelvifemoral 
muscle weakness that appears insidiously. As a conse- 
quence there is a delay in walking, a waddling gait, 
frequent falls, and difficulty in rising from the floor or 
climbing stairs. Progressively the muscles of the lower 
leg are affected and then those of the shoulder girdle, 
arms, neck, and trunk. Enlargement of the calf muscles, 
because of the excessive accumulation of fat and fibrous 
tissue, is particularly distinctive of this dystrophy and 
accounts for the term “pseudohypertrophic.” Usually by 
age 10 to 12 years the child is reduced to a wheelchair 
with all manner of grotesque, fixed-flexion deformities. 
For uncertain reasons, about one-third of these individ- 
uals also have significant reduction of intelligence that 
is apparent from the outset. 

The morphologic alterations in Duchenne’s dystro- 
phy are basically those common to all of these syn- 
dromes, as already detailed. However, because of the 
rapid progression of the condition, the myofiber necrosis 
and the interstitial accumulation of fat and fibrous tissue 
tend to be more florid than in the other forms of 
dystrophy. Similar changes may appear within the myo- 
cardium and lead to abnormalities in the ECG, but 
cardiac failure is uncommon, perhaps because physical 
activity is restricted. Ultimately, the progressive in- 
volvement of the muscles of the trunk, leading to serious 
respiratory difficulties and pulmonary infection, is the 
most common cause of death, although occasionally it is 
caused by a cardiac arrhythmia. 


Skeletal Muscle 
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A milder form of sex-linked dystrophy having many 
similarities to Duchenne dystrophy is referred to as 
Becker dystrophy. Linkage studies make clear that it is 
a distinct entity because the two conditions are not 
encountered in the same family. 

Myotonic dystrophy is the most prevalent of the 
dystrophies. It usually appears in early adult life, al- 
though it may begin in infancy and childhood with 
weakness of the distal muscles of the hands and feet, 
particularly the adductors of the forearms and thumbs. 
The weakness is accompanied by myotonia (tonic con- 
traction, e.g., inability to let go after shaking hands). 
Soon thereafter, ptosis, facial weakness, and dysarthria 
appear, and are not seen with other forms of dystrophy. 
Next, more proximal muscle groups in the arms and 
legs become involved, but generally the motor involve- 
ment progresses slowly, is not totally incapacitating, 
and is compatible with long survival (except in the most 
extreme instances). 

Although this condition is conventionally called 
“myotonic dystrophy,” there are many differences be- 
tween it and the other dystrophies, notably involvement 
of many extramuscular systems, as indicated in Table 
28-1. Also, there is often mental retardation or dementia 
and cardiac involvement, sometimes leading to arrhyth- 
mias and occasionally to cardiac failure in older patients. 
The morphologic changes in the muscles, although 
basically similar to those in the other slowly progressive 
dystrophies, include two distinctive features. Sometimes 
seen are “sarcoplasmic masses’ constituting accumula- 
tions of sarcoplasm free of myofilaments and “ring 
fibers,” where one myofiber transversely encircles the 
other fibers in the same bundle. When present, they 
provide the opportunity to identify morphologically a 
particular form of dystrophy. For the remaining syn- 
dromes, as already emphasized, the differential diag- 
nosis rests on clinical grounds. 


THE MUSCULOSKELETAL SYSTEM 


CONGENITAL MYOPATHIES 


In contrast to the muscular dystrophies in which 
each syndrome is characterized by a fairly specific 


skeletal distribution of muscle involvement, but with no 
morphologic changes to permit differentiation among 
the various syndromes, the congenital myopathies are 
not distinctive clinically, but are highly distinctive mor- 
phologically. From a clinical standpoint, all the myopa- 
thies tend to present in a similar manner, characterized 
as “floppy infant syndrome —muscle weakness appear- 
ing in early infancy or later. Sometimes the weakness 
assumes girdle or proximal limb distributions reminis- 
cent of the muscular dystrophies. In the congenital 
myopathies, however, the muscle weakness is generally 
not progressive (although there are exceptions), so these 
conditions are compatible with long survival. 

Because these muscular involvements are ex- 
tremely rare, the major forms are briefly characterized 
in Table 28-2. '° 


MYASTHENIA GRAVIS (MG) 


Myasthenia gravis is an autoimmune disorder char- 
acterized by muscle weakness caused by antibodies that 
localize in the neuromuscular junctions and impair 
transmission of neural impulses. The trigger initiating 
the development of the antibodies is unknown but the 
antigenic target is the acetylcholine receptors of the 
postsynaptic membrane at the motor endplate. The 
following features distinguish MG from other muscular 
disorders: 

1. The first and most consistently affected muscles 
are those in most active use, more or less in descending 
order of frequency: oculomotor, facial, laryngeal, pha- 
ryngeal, and respiratory. With advance of the disease 
in severity and time, girdle and then proximal muscles 
are affected and, in the most severe cases nearly all 
muscles of the body. 

2. Particularly distinctive is the progression of the 
muscular weakness with persistent use, and recovery of 
strength following a period of rest. 

3. Thymic abnormalities are present in 70 to 80% 
of patients (thymic follicular hyperplasia, “thymitis,” in 
60 to 65%; thymoma in 10 to 15%). 


Table 28-2. CONGENITAL MYOPATHIES 


Disease inheritance 


Central core disease Autosomal dominant 


Histologic Features 


Amorphous central core in fibers (principally type |) with partial or 


complete lack of myofilaments and oxidative and glycolytic enzymes 


Nemaline (rod body) Sporadic 


myopathy Autosomal dominant 
Autosomal recessive 
Centronuclear Variable 


(myotubular) myopathy 


?Autosomal recessive 
?Autosomal dominant 


Congenital fiber—type 
disproportion 


Mitochondrial myopathies ? 


Dark-staining ovoid or elongated rods within types | and II fibers 
composed of filamentous structures with periodic lines perpendicular and 
parallel to long axis 


Nuclei occupy center of fiber, often absence of myofibrils about nuclei, 
numerous mitochondria and glycogen vacuoles 


Type | fiber predominance; abnormally small type | fibers, normal or 
enlarged type Il, various ultrastructural alterations 


Variety of myofiber abnormalities in different patients—mitochondria are 


abnormally large, increased in number, abnormal shapes, abnormalities 
of cristae 
a 


4. The disease may appear at any age, but the peak 
incidence for females is in the third decade and for 
males in later adult life. 

5. Overall, females are affected twice as often as 
males, the disproportion being about 4 to 5:1 in the first 
decade, with some reversal of this ratio in the later 
years. 

6. There are well-defined correlations between age 
at onset and the thymic abnormalities. Thymic follicular 
hyperplasia is associated with an early age of onset, i.e., 
the second to third decades. In contrast, the peak 
incidence of disease associated with thymoma is in the 
fifth decade, males being involved more often than 
females. 

7. Also characteristic of myasthenia is the marked 
improvement in muscle strength in response to anti- 
cholinesterase drugs, until the disease becomes ad- 
vanced. 

Still unsettled is the issue of genetic and familial 
predisposition.'® Although the classic disease is not 
clearly familial, an association particularly with HLA- 
B8, and less strongly with Al and DW3, has been 
repeatedly noted, but the association is not invariable 
and may relate to predisposition to autoimmune dis- 
sease. In this connection, patients and their families 
have an increased incidence of autoimmune thyroid 
diseases, pernicious anemia, and NIDDM diabetes. An 
early onset form (which may represent a special subset) 
is thought to be an autosomal recessive condition. 

ETIOLOGY AND PATHOGENESIS. The evidence link- 
ing causation of MG to autoantibodies to acetylcholine 
receptors is strong despite a few persisting and perplex- 
ing incongruities. Electron microscopy discloses mor- 
phologic abnormalities in the neuromuscular junctions 
of affected muscles. Both IgG and C3 can be identified 
here by the immunoperoxidase method.'’ Circulating 
antireceptor antibodies can be identified in most pa- 
tients with active disease.'* It was always assumed that 
these antibodies led to the destruction of the receptors, 
perhaps by activating lytic fractions of complement. 
Recent studies, however, indicate that in addition to 
accelerated degradation they may also impair transmis- 
sion of impulses by blockade of the acetylcholine recep- 
tors. Indeed, 98% of a series of myasthenic patients 
were shown to have antibodies producing either accel- 
erated degradation or blockade of receptors. !® 

The relationship of the thymic abnormalities to the 
autoimmune reaction is still poorly understood but a 
number of relevant observations have been made. There 
is wide, but not universal, agreement that the normal 
thymus has myoid cells bearing acetylcholine receptors 
or receptor-like antigens.”? The follicular hyperplasia 
encountered in most young patients is characterized by 
the formation of germinal centers containing B lympho- 
cytes, and receptor antibodies can be shown to be 
present in these lymphoid follicles. However, the thy- 
mus is not a major site of antibody production because 
serum levels of receptor antibody do not usually fall 
immediately after thymectomy. Instead, they decline 
slowly over the span of many months in association with 
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clinical improvement.”! Relevant to this observation is 
the ability of cells derived from the thymic glands to 
selectively enhance production of receptor antibody by 
autologous circulating lymphocytes.” Conceivably some 
of the thymocytes are specifically sensitized T-helper 
cells that only slowly disappear from the circulation, 
accounting for the slow decline in the level of anti- 
receptor antibodies. 

The role of the thymoma in the causation of MG is 
even more obscure. Generally, these patients have 
higher antibody titers, more progressive disease, and a 
worse outlook whether the tumor is excised or not. 
Scattered reports suggest that cultured thymoma cells 
are able to transform into myoid cells and that there is 
a higher incidence of lymphoid follicles in the non- 
neoplastic thymus than in nonthymoma cases.” These 
findings suggest that the thymoma in some way initiates 
“thymitis, but this proposal awaits further confirmation. 

Despite all the cited evidence, pieces are still 
missing from the puzzle. What initiates the autoimmune 
reaction? Without proof, viral involvement of the thy- 
mus in individuals genetically predisposed by their 
complement of immune response genes is questioned. 
How to account for the infrequent cases of MG that 
appear many years after thymectomy? Why are the 
benefits of thymectomy largely limited to early or mild 
disease, and of limited value late in the course? Other 
questions remain. 


MORPHOLOGY. Anatomic study of the skeletal muscles 
in MG has been surprisingly unrewarding, since no consis- 
tent abnormalities have been noted. In some patients there 
are focal collections of lymphocytes within the muscles and, 
occasionally, myofiber atrophy or myofiber necrosis. In most 
patients the muscles are not obviously atrophic, nor are 
there myofiber changes by usual histologic techniques. How- 
ever, with chronic paralysis, disuse atrophy of motor units 
develops, accompanied by ingrowth of fat and fibrous tissue. 
As pointed out earlier, electron microscopy in some patients 
has disclosed abnormalities in the postsynaptic membrane 
and immune complex deposits at the myoneural junctions, 
which can be shown by immunoperoxidase techniques to 
contain IgG and C3. Nonetheless, the terminal motor nerves 
and anterior horn cells remain unaffected. 

The thymus may be normal or show follicular hyperpla- 
sia or, in a few patients, a thymoma. These thymic abnor- 
malities were reviewed earlier (p. 1250) (Fig. 28-3). 

Rarely, lymphocytic infiltrates have been observed in 
the liver, thyroid glands, adrenals, and other organs. 


CLINICAL Course. The onset of this condition may 
be extremely insidious or relatively sudden. The first 
manifestation is usually weakening of the eye muscles 
leading to diplopia, often accompanied by drooping of 
the eyelids. The other muscle groups mentioned earlier 
may then be affected, with immobility of the face, 
impaired motion of the tongue, aspiration of food and 
choking, and alterations in voice quality. The subse- 
quent course is extremely variable. In the fortunate 
patient, the course is extremely benign and is almost 
limited to involvement of the eye muscles. In such 
instances, it may spontaneously disappear. In others 
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Figure 28-3. Thymus in myasthenia gravis, with follicular hyperpla- 
sia. A Hassall’s corpuscle may be noted at lower left. 


only slightly less fortunate, the muscle weakness does 
not progress into the trunk or extremities, or the disease 
may remit partially or completely for months to a few 
years. At the other end of the spectrum, the motor 
weakness relentlessly extends over a period to involve 
the trunk and extremities, or there may be repeated 
remissions and relapses with progression of the disease 
with each relapse. Fatigue, infections, alcohol intake, 
and all forms of stress are thought to precipitate relapses. 
In such progressive disease, the muscles of respiration 
and movement are eventually involved, creating a 
breathless invalid. 

During the early so-called “active stage,’ the weak- 
ness is dramatically improved by such anticholinesterase 
drugs as neostigmine, but with progressive disease 
thymectomy, corticosteroids, or other immunosuppres- 
sive methods may be required. Regrettably, even these 
therapies may not stem the tide. The major threats to 
life are respiratory infections secondary to the ventila- 
tory deficit. It is ironic that persons with mild or 
restricted disease respond best to drugs and thymec- 
tomy, whereas those with severe progressive involve- 
ment whose lives hang in the balance respond poorly. 
Most deaths occur within the first year when the prob- 
able prognosis is established by the speed and spread 
of the motor weakness. 

The role of thymic surgery in the control of this 
disorder remains controversial. About two-thirds of pa- 
tients with no thymic tumor are improved with thymec- 
tomy, especially when this is performed early in the 


course. Those with a thymoma do worse whether the 
neoplasm is excised or not. 

Infants born of myasthenic mothers may manifest 
so-called congenital myasthenia caused by transplacental 
passage of maternal IgG antireceptor antibodies. The 
motor weakness lasts only a few weeks and spontaneous 
recovery is the rule, but severe impairment of muscle 
function may threaten life. 


TUMORS AND TUMOR-LIKE LESIONS OF 
MUSCLES 


Under this heading are included not only true 
neoplasms arising in the skeletal muscle cells but also 
several non-neoplastic conditions—traumatic myositis 
ossificans and fibromatoses that may simulate neoplasms 
both morphologically and clinically. 


TRAUMATIC MYOSITIS OSSIFICANS 


Traumatic injury to muscle, usually accompanied 
by considerable hemorrhage, is followed by the deposit 
of fibrous tissue and bone in the site of injury. The 
fibrous and osseous reaction can readily be mistaken 
both clinically and morphologically for a neoplasm. This 
type of muscle injury is most likely to occur in young 
males following an overt blow or more subtle injury in 
the course of their work, athletics, or military service. 
Most often affected are the quadriceps femoris and the 
brachialis anticus. Following the muscle tear or damage, 
the hemorrhage is organized by the characteristic for- 
mation of granulation tissue and progressive fibrous 
scarring. Regenerating muscle giant cells may be trap- 
ped within the scar. In the course of this process, 
cartilage may form and be followed by endochondral 
ossification. Alternatively, calcification may occur en 
masse and be followed by ossification. The origin of the 
osteoblasts that lay down the bone is uncertain, but 
they either arise in situ from mesenchymal cells or are 
derived from adjacent periosteum that is involved in 
the muscular injury. Aside from the attendant pain, 
swelling, and tenderness, the major significance of 
myositis ossificans lies in its possible confusion with a 
bone tumor. The hard, localized, bony mass; the roent- 
genographic demonstration of bone density outside the 
normal bone; and the histologic pattern of proliferating 
fibroblasts associated with bone formation may all be 
confused by the unwary with an osteogenic sarcoma. 
Rare instances of transformation to osteogenic sarcoma 
have been reported. 


DESMOID TUMOR (AGGRESSIVE 
FIBROMATOSIS) 


Despite the designation “desmoid tumor’ these 
curious, stubbornly infiltrative fibroblastic lesions are 
not considered to be neoplasms, do not metastasize, 
and may even undergo “spontaneous” cure.” Instead, 


they lie in the interface between an exuberant prolif- 
eration and a low-grade fibrosarcoma. They arise in the 
supporting connective tissue and aponeuroses of skeletal 
muscle; hence, the synonym musculoaponeurotic fibro- 
matosis. 

Desmoids may occur at any age but the peak 
incidence is in the third decade. There is a strong 
female preponderance of 5:1. In females most lesions 
arise in the anterior abdominal wall, but in males and 
sometimes in females there is a wide scatter in relation 
to almost every other muscle in the body.” The nature 
of these fibromatoses is mysterious. One study calls 
attention to multiple bone malformations, often minor, 
in patients with desmoid tumors, raising the possibility 
of some systemic (? genetic) defect in connective tissue 
formation.”> Two other major associations are previous 
trauma at the site of the lesion and multiple pregnancies. 
These correlates support roles for trauma and estrogen 
stimulation in their causation. Estrogen receptors can 
frequently be identified in these growths. Desmoid-like 
tumors have been produced in guinea pigs by the 
injection of estrogens, but they did not appear when 
progesterone or testosterone was administered simul- 
taneously. Conceivably, then, there is an underlying 
systemic connective tissue derangement that accounts 
for the bone malformations and becomes expressed 
when acted on by trauma or estrogens. Slender evidence 
that the. underlying derangement is genetic in origin 
derives from the occurrence of desmoids with intestinal 
polyposis in the familial Gardner's syndrome. 


MORPHOLOGY. Morphologically, these lesions occur as 
unicentric, gray-white, firm, unencapsulated, poorly demar- 
cated masses varying from 1 to 15 cm in greatest diameter. 
They are rubbery and tough and infiltrate between muscles, 
muscle bundles, and individual muscle cells. Histologically, 
the more central regions, presumably the oldest part of the 
growth, are largely densely collagenous, whereas the pe- 
riphery is made up of plump, typical fibroblasts having 
moderate variation in cell and nuclear size, resembling a 
“low-grade” fibrosarcoma.” Mitoses are infrequent and, 
when present, are regular. Muscle cells or groups trapped 
within the growth are destroyed or atrophic. Sometimes, 
regenerative activity creates muscle giant cells having many 
sarcolemmal nuclei and abundant sarcoplasm. 


The obvious importance of desmoids is their differ- 
entiation from sarcomas. In addition to their possible 
cosmetic disadvantages, they are occasionally painful. 
Although curable by adequate excision, they stubbornly 
recur in the local site when incompletely removed. The 
rare reports of metastatic dissemination of a desmoid 
must be interpreted as misidentification of a low-grade 
fibrosarcoma. 


PALMAR FIBROMATOSIS 


In addition to desmoids within the musculoaponeu- 
roses, fibromatoses may arise in other connective tissue 
sites, e.g., in relation to neck muscles (fibromatosis 
colli), in the penis (Peyronie's disease), in the feet 
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(plantar fibromatosis), and in the fascia of the palms 
(palmar fibromatosis) giving rise to Dupuytren’s con- 
tracture. When the palmar fascia becomes heavily laden 
with connective tissue and collagen, the process may 
trap tendons and extend to the overlying skin. Progres- 
sive shrinkage of the collagen leads to flexion contrac- 
tions of the fingers and hands and, in time, deformity 
and limitation of motion of the affected parts. Typically, 
the contractures first become evident in the fifth finger 
and then sequentially in contiguous fingers. The dense, 
white fibromatous tissue is easily mistaken for a tumor 
grossly, and can be misinterpreted as a low-grade fibro- 
sarcoma histologically. These lesions are not neoplastic, 
but are difficult to manage clinically because of the 
technical problems involved in total excision of the 
lesion. 


NODULAR (PSEUDOSARCOMATOUS) FASCIITIS 


This non-neoplastic lesion is considered here not 
because it arises in skeletal muscle but because it is 
basically a fibromatosis, sometimes called pseudosar- 
comatous fibromatosis. Typically, these fibroblastic pro- 
liferations arise in subcutaneous locations anywhere in 
the body with a predilection for the forearm, leg, arm, 
and face, in that order. Despite the designation “fasci- 
itis,” these fibromatoses, unlike desmoid tumors, do not 
arise primarily in fascia but may in their growth become 
attached to it. 


Grossly, nodular fasciitis is typically a small (less than 
2 cm), gray-white, firm-to-myxoid mass that, although well 
circumscribed, is not encapsulated. The periphery often 
exhibits streaming extensions into the surrounding fat, fascia, 
and sometimes muscle, and is readily interpreted as sarco- 
matous. Four histologic subtypes have been described but 
all are variations on a common theme. The basic histologic 
pattern is that of an exuberant overgrowth of “active-looking” 
fibroblasts intermediate between an inflammatory reparative 
reaction and a sarcoma (Fig. 28-4). The lesion is mainly 
composed of thick-to-thin spindle-shaped fibroblasts varying 
in size. The larger cells have abundant cytoplasm with large 
nuclei and prominent nucleoli. These spindled cells may be 
disposed randomly, may suggest a storiform (whorled) pat- 
tern, or may be laid down in interconnecting bundles. Scat- 
tered, usually normal-appearing mitoses are present as well 
as larger, multinucleated giant cells. In some instances the 
giant cells represent regenerating skeletal muscle fibers 
trapped in the infiltrating lesions, but in other instances they 
may be of fibroblastic or histiocytic origin.” It is apparent 
that the microscopic changes can readily be mistaken for a 
sarcoma, but the following features are helpful in the differ- 
ential diagnosis: (1) often the center of the nodular fas- 
ciitis is myxoid with increasing cellularity toward the 
periphery, but some lesions are cellular throughout; (2) 
characteristically, histiocytic cells are scattered 
throughout the lesion as well as occasional lympho- 
cytes, particularly at the periphery (neutrophils or 
plasma cells are seldom present); (3) newly formed 
capillary channels are often radially arrayed at the ad- 
vancing front of the nodule; (4) in some cases there are 
foci of osteoid and chondroid metaplasia; and (5) tumor 
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There is considerable variation in nuclear size of “active-looking” 
fibroblasts with occasional cells approaching giant cells. Basis for 
term ‘pseudosarcomatous fibromatosis” is evident. 


giant cells with ‘ugly’ hyperchromatic nuclei are not 
found. 


Nodular fasciitis may present clinically as a subcu- 
taneous tumor and, although most are small, they 
uncommonly produce firm masses many centimeters in 
diameter that become attached to the deeper fascial 
planes and muscles. Most often, they rapidly increase 
in size over the span of a few weeks after discovery, a 
growth rate that is unusual for even very aggressive 
neoplasms. On surgical exposure the lack of encapsula- 
tion and pseudoinvasiveness are deceptive. Moreover, 
the unwary microscopist may misinterpret the lesion 
and classify it as a cancer, most often a malignant fibrous 
histiocytoma, fibrosarcoma, or other mesenchymal neo- 
plasm. Correct identification assumes great importance 
because even incompletely resected lesions do not re- 
cur.”” 


RHABDOMYOMA 


Cardiac rhabdomyomas were described on page 
606. Extracardiac rhabdomyomas are so rare that they 


fall into the category of “exotic” and thus receive brief 
comment. The skeletal rhabdomyomas have been sub- 
divided into two types, adult and fetal, based on their 
histogenesis. The adult form occurs almost exclusively 
in adults in the head and neck region, particularly in 
the larynx and pharynx, at sites where there is skeletal 
muscle. They are well-encapsulated, lobulated tumors 
composed of large, round-to-oval cells with a pale, 
granular eosinophilic cytoplasm and round-to-ovoid ec- 
centrically located nuclei. Often, large cytoplasmic vac- 
uoles containing glycogen produce so-called “spider 
cells.”” Some of the cells almost always reveal cross 
striations typical of skeletal muscle; ultrastructurally, 
myofilaments as well as A and I bands and Z lines can 
be seen.” 

The fetal rhabdomyoma is mainly a tumor of infants 
that usually is located subcutaneously in the head and 
neck region with a predilection for the posterior auric- 
ular area. However, it may arise in adults, particularly 
females, in the vulvovaginal region. It is composed of 
spindled fetal myoblasts having variable degrees of 
skeletal muscle differentiation. Although circumscribed, 
it is not encapsulated, and its lack of recurrence follow- 
ing local excision has raised the suggestion that it may 
be a hamartoma, just as the cardiac rhabdomyoma is 
thought to be a hamartoma. 

Both adult and fetal variants are cured by local 
excision, and recurrence or aggressive behavior is ex- 
ceptional. 


RHABDOMYOSARCOMA 


Although uncommon, rhabdomyosarcomas are one 
of the most frequent forms of cancer of soft parts 
(muscle, fibrous tissue, fatty tissue), particularly in 
children under the age of 15. Four distinctive morpho- 
logic variants are recognized: (1) embryonal, (2) alveolar, 
(3) pleomorphic, and (4) botryoid.*! The first three are 
differentiated on cytologic grounds, but the fourth on 
its gross morphology. The botryoid sarcoma is in reality 
an embryonal rhabdomyosarcoma rendered distinctive 
by its outgrowth into an open space (e.g., the vagina, 
bladder, or nasopharynx), permitting the formation of 
multiple bulbous projections having some resemblance 
to a cluster of grapes—hence, botryoid. Although all 
patterns are presumed to arise in primitive myoblasts 
that undergo variable levels of myogenic differentiation, 
in some instances (e.g., the embryonal pattern) the 
myogenic differentiation is minimal and the neoplastic 
cells closely resemble those of undifferentiated mesen- 
chymal origin. Significantly, the botryoid pattern arises 
in locations remote from skeletal muscle. However, 
studies with immunocytochemical methods document 
that all four anatomic variants usually contain myoglobin 
as a tumor marker for striated muscle differentiation.” 
Although myosin or actin can also be identified by 
similar methods in many of these neoplasms, these 
markers are less specific because they are not limited 
to skeletal muscle cells.* 


Rhabdomyosarcomas may occur at any age from 
birth to the advanced years of life; however, in children 
they are the most common form of soft tissue sarcoma.*4 
Although the correlations are imperfect, embryonal 
rhabdomyosarcomas generally arise within the first two 
decades of life; indeed, they may be present at birth. 
Most patients with alveolar tumors are adolescent; in 
contrast, pleomorphic rhabdomyosarcomas usually affect 
elderly individuals. Thus, the older the patient, the 
more likely is it that the rhabdomyosarcoma represents 
the pleomorphic variant. 

Before the various morphologic patterns are de- 
scribed, a few words are in order relative to the staging 
and prognosis of all rhabdomyosarcomas. As cancers, all 
histologic variants are locally invasive and spread to 
regional nodes and more widely to almost any site in 
the body, including the heart and central nervous 
system. Overall, distant metastases are already present 
in 20 to 40% of patients at the time of diagnosis. 
Histologic type exerts little influence.* Site of origin is, 
however, material. Spread of the cancer is most likely 
with those arising in the trunk, followed in descending 
order by the genitourinary tract, extremities, and head 
and neck region. Several staging systems are in use to 
express the extent of the neoplasia in the patient. 
Although there are differences among them, the follow- 
ing criteria generally apply: 

Stage I— Localized disease; tumor resectable; no 

nodal or distant spread. 

Stage II— Regional disease; tumor questionably re- 

sectable; no nodal or distant spread. 

Stage III—Regional disease; incomplete gross re- 

section with regional node involvement. 

Stage [V—Distant metastasis. 

More specific details are available in the report of Green 
and Jaffe.** The prognosis for these neoplasms is difficult 
to express because it is modified by type and location 
of lesion, stage of disease, and resectability. Overall, 
including all patterns of tumors in all locations, a 10 to 
30% five-year survival rate has been achieved by surgery 
alone.*” The combination of surgery and chemotherapy 
has greatly improved the outlook, yielding about an 
85% disease-free interval for at least two years in persons 
grossly free of tumor following surgery. Two subsets 
fared less well than the group as a whole: those with 
the alveolar histologic pattern and those with neoplasms 
in the head in parameningeal locations and in the neck 
region. 


Pleomorphic Rhabdomyosarcoma 


About three-quarters of pleomorphic rhabdomyo- 
sarcomas arise in the soft tissues of the extremities and 
trunk in adults. Generally, they are deeply situated 
within muscles, but some appear to arise within the 
subcutaneous tissues and even fungate through the skin. 
It is likely, however, that these subcutaneous lesions 
arise in the superficial layers of the skeletal muscles and 
then expand toward the skin. They are extremely ma- 
lignant lesions and metastasize early. 
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These cancers vary in size from small to large bulky 
masses, sometimes over 15 cm in diameter. They are often 
dark-red, lobulated masses that may even give the appear- 
ance of multicentricity. Hemorrhages and necroses may 
produce mottled red-white foci within the center of the mass. 
Their histology is extremely variable. Basically, four types of 
cells may be present: (1) large round cells of uncertain 
characterization, with abundant acidophilic cytoplasm and 
one or two central nuclei; (2) more distinctive strap-shaped 
or ribbon-shaped cells with one or several nuclei in which 
longitudinal fibrils and cross striations may be discernible; 
(3) racket-shaped cells with a single nucleus in the expanded 
end and a tapering, acidophilic body; and (4) tumor giant 
cells, rounded or ovoid, with peripherally arranged vacuoles 
separated by thin strands of cytoplasm, referred to as “spider 
cells” (Fig. 28—5).2” The vacuoles are PAS positive and 
contain glycogen. These four cell types may be scattered 
randomly or be arranged in whorls, clusters, or even fasci- 
cles. Tumors composed of very undifferentiated cells are 
difficult to distinguish from other forms of connective tissue 
sarcoma. The diagnosis rests on identification of longi- 
tudinal myofibrils, cross striations within the myoblastic 
cells, and/or the identification of myoglobin (as pointed 
out above). 


Skeletal Muscle 


i 


Figure 28-5. Pleomorphic rhabdomyosarcoma. There is marked 
variability in cell and nuclear size and shape with several obvious 
tumor giant cells. The central giant cell reveals an atypical mitotic 
figure and abundant cytoplasm, partially vacuolated. 
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The alveolar rhabdomyosarcoma most often arises 
in the muscles of the upper and lower extremities, most 
often in children and young adults. However, about 
one-fifth occur in the trunk and an equal number in the 
head and neck region. Aggressive lesions, they tend to 
metastasize early and widely. 


Grossly, the presentation of these tumors is similar to 
that of pleomorphic rhabdomyosarcomas. Histologically, they 
are distinctive by virtue of the tendency for the tumor cells 
to form islands (alveoli) or broad cords, separated by fibro- 
vascular stroma.*® The cells more or less represent the 
hollow tube stage of fetal development. The preponderant 
cell type is round or oval with scant cytoplasm, easily 
confused with undifferentiated carcinoma, lymphoma, or 
Ewing’s sarcoma. Scattered within this background are fetal- 
appearing myocytes and more characteristic strap cells, 
racquet-shaped cells, or giant cells, having more abundant 
cytoplasm and myofibrils, as well as cross striations. Myo- 
globin can usually be demonstrated by immunoperoxidase 
methods. 


Embryonal and Botryoid Rhabdomyosarcoma 


As mentioned earlier, sarcoma botryoides is basi- 
cally an embryonal rhabdomyosarcoma having a distinc- 
tive gross morphologic appearance (p. 1314). Both the 
embryonal and botryoid patterns occur in the young, 
often in infancy and sometimes at birth. The embryonal 
variant may arise anywhere in the body including the 
trunk, extremities, and head and neck region, where it 
is the predominant type encountered. The botryoid 
variant has already been described elsewhere (p. 1121). 
Although embryonal lesions infiltrate and metastasize 
they are less aggressive than the pleomorphic and 
alveolar forms. 


Embryonal rhabdomyosarcomas may appear grossly as 
solid, gray-white, infiltrative cancers, or more frequently as 
loose, myxoid, gelatinous masses. They contain both round 
and spindled neoplastic cells that have scant-to-moderate 
amounts of eosinophilic material. Very undifferentiated cells 
with little cytoplasm may closely resemble malignant lymph- 
oid cells, and indeed some tumors defy light microscopic 
categorization. The spindle cells may be indistinguishable 
from fibroblasts except that occasional cells may show 
greater differentiation with more abundant cytoplasm that 
can be shown to contain myoglobin as a marker. Nuclear 
pleomorphism is usually evident, as are scattered-to-abun- 
dant mitoses. These cells are disposed in undifferentiated 
sheets and masses separated by an abundant myxomatous 
ground substance. 


It is important to emphasize that many neoplasms 
do not fit neatly into a single niche. The range of 
histologic patterns makes the morphologic diagnosis 
difficult, and the highly undifferentiated lesions are 
diagnostic challenges that may well require proof of 
myoglobin in the neoplastic cells to identify them as 
rhabdomyosarcomas.*° 


GRANULAR CELL TUMOR 


These histologically distinctive, almost always be- 
nign neoplasms have many points of interest. Debate 
about their histogenesis has persisted for years. Early 
observations attributed these tumors to myoblastic cells, 
and so they were called granular cell myoblastomas. 
Succeeding reports have variously suggested mesenchy- 
mal, fibroblastic, or histiocytic derivations. Favored 
today is neural derivation from the precursors of 
Schwann cells, thus making the granular cell tumor and 
schwannoma first cousins. In support of this concept is 
the presence of neuron-specific enolase in many of these 
neoplasms.*! The two most common locations are the 
tongue and the subepidermal (and subcutaneous) tis- 
sues, particularly in the trunk and upper extremities.” 
However, they have occurred in almost every other site 
in the body including the breast; oral mucous mem- 
branes; gastrointestinal, respiratory, and biliary tracts; 
urinary bladder; and genitalia. Although rarely malig- 
nant they are often poorly encapsulated, with tonguelike 


Figure 28-6. Granular cell tumor, the poorly demarcated border 
penetrating into subcutaneous collagenous fibrous tissue (arrows). 
The rounded tumor cells have abundant granular cytoplasm, ex- 
tremely small dark nuclei, and, for the most part, distinct cell borders. 


projections simulating local invasiveness. When located 
close to the skin, they induce pseudoepitheliomatous 
hyperplasia of the overlying epithelium that can easily 
be mistaken for a squamous cell carcinoma. 


Granular cell tumors are generally small (less than 2 
cm), firm, discrete, gray-white—to—yellow nodules on cross 
section. Alrnost invariably they are composed of nests and 
sheets of round-to-polygonal cells with distinct borders en- 
closing an abundant eosinophilic granular cytoplasm evenly 
distributed about small, usually centrally located, uniform 
nuclei (Fig. 28-6). Multinucleation, nuclear pleomorphism, 
and mitotic activity may be present, but only rarely. Myeli- 
nated nerve bundles, frequently surrounded by granular cells 
arranged in concentric whorls, are seen in about half. The 
histologic hallmark of these lesions is the prominent cyto- 
plasmic granules that are PAS positive and diastase resist- 
ant. Under the electron microscope the granules are mem- 
brane-limited, autophagic vacuoles or phagolysosomes 
containing electron-dense amorphous material that can 
sometimes be resolved as disintegrating cellular organelles. 
Smaller vesicular bodies may also be present, contributing 
to the granularity. 
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Malignant granular cell tumors are rarities. Generally 
they are of larger size (over 8 to 10 cm), grow more rapidly, 
and are more obviously infiltrative at their margins. Nuclear 
hyperchromasia, pleomorphism, and mitoses are more 
prominent than in benign lesions, but the line of differentia- 
tion is at best tenuous. ~ 


Bones 


There are no distinguishing clinical features of 
granular cell tumors apart from their propensity for 
unusual locations, such as the tongue. Excision with a 
comfortable margin is curative. However, infiltrative 
projections left behind lead to a recurrence rate of 5 to 
10%.#2 Secondary and tertiary reexcisions may still be 
curative. Perplexingly, in some instances, the benign 
granular cell tumor has failed to recur despite apparent 
incomplete removal. This repeated observation has 
raised the possibility that some of these lesions are not 
neoplastic but, instead, reactive or degenerative proc- 
esses. Whatever their nature, they are almost always 
innocent lesions except for their induction of pseudo- 
epitheliomatous hyperplasia of the epidermis, which 
invites a serious overdiagnosis. 


Bones 
NORMAL Tuberculosis Osteoid osteoma and 
Bone as a Tissue Syphilis osteoblastoma 
Bone Modeling and Remodeling Fractures Osteosarcoma (osteogenic sarcoma) 
PATHOLOGY Osteoporosis Secondary osteosarcoma 
Congenital and Hereditary Disorders Osteomalacia Chondromatous tumors 


Osteogenesis imperfecta (fragilitas 
ossium, brittle bones) 

Achondroplasia 

Osteopetrosis (osteosclerosis) 

Osteochondromatosis (hereditary 
multiple exostoses) 

Enchondromatosis (Ollier's disease) 

Other hereditary skeletal disorders 

Infections 
Pyogenic osteomyelitis 


Fibrous Dysplasia 
Tumors 


Osteoma 


NORMAL 


Despite its seemingly static appearance, bone is a 
remarkably labile tissue throughout life. Remodel- 
ing—formation and resogrption—occurs continuously, 
even after the skeleton has been fully formed. Almost 
one-fifth of the total skeletal calcium is turned over 
vearly in the adult. A brief survey of bone as a tissue 
and of its renewal will facilitate an understanding of the 
diseases of bone. 


BONE AS A TISSUE 


No material devised by man can match bone in its 
durability, adaptability, and capacity to absorb stress 
over the decades. It consists of a solid mineral phase, 
an organic matrix of osteoid, and bone cells—osteocytes, 
osteoblasts, and osteoclasts. Osteocytes are merely os- 


Skeletal Changes in Hyperparathyroidism 
(Osteitis Fibrosa Cystica Generalisata, Von 
Recklinghausen’s Disease of Bone) 

Paget's Disease of Bone (Osteitis Deformans) 

Hypertrophic Osteoarthropathy 


Fibrous Cortical Defect (Nonossifying Fibroma) 


Bone-forming (osteoblastic) tumors 


Osteochondroma (exostosis) 
Enchondroma 
Chondromyxoid fibroma (fibromyxoid 
chondroma) 
Chondroblastoma 
Chondrosarcoma 
Tumors of marrow origin 
Ewing's sarcoma 
Giant cell tumors 


teoblasts that become incorporated within the matrix. 
Both the osteocytes and osteoblasts are uninucleate cells 
derived from primitive mesenchymal precursors. Osteo- 
blasts are found along bone-forming surfaces. Subper- 
iosteally and endosteally, they may form a tight layer or 
sheet of cells interconnected by tight junctions, but 
along the surfaces of the trabeculae they are more widely 
scattered.“ They contain an abundance of ribosomes 
involved in the synthesis of mainly collagen polypeptides 
and are rich in alkaline phosphatase. Osteoclasts are 
multinucleated cells disposed mainly along the endosteal 
surface of the cortex and, here and there, about trabe- 
culae. They have a different histogenetic origin from 
osteoblasts and may be of the monocyte-macrophage 
line. Involved in bone resorption, they are generally 
found within “eaten-out” scalloped bays in the adjacent 
bone surface (Howship’s lacunae) (Fig. 28-7). The sur- 
face of the osteoclast actively resorbing bone is ruffled, 
which can be resolved under the electron microscope 
as villous-like projections that close over crystals or 
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fragments of bone to form intracytoplasmic vesicles or 
vacuoles in which the osteolysis is completed. These 
cells contain acid phosphatase, collagenase, dehydro- 
genases, proteases, and carbonic anhydrase, which un- 
doubtedly play roles in the resorption of bone, as 
discussed later. 

The organic matrix of bone, synthesized by osteo- 
blasts, is called osteoid before it is mineralized. It is 90 
to 95% type I collagen embedded within a ground 
substance of glycosaminoglycans linked to some noncol- 
lagenous proteins, principally osteocalcin and osteonec- 
tin, both of which are involved in the deposition of 
calcium (see below). Understandably, hereditary disor- 
ders in the metabolism of glycoproteins, e.g., Hurler’s 
or Hunter's syndromes (p. 150), result in skeletal ab- 
normalities. Collagen provides the structural strength 
of the osteoid, which is buttressed in fully formed bone 
by the deposition of minerals. Particularly important in 
collagen are proline and lysine; after hydroxylation they 
provide the intra- and intermolecular links and bonding, 
conferring stability on the collagen fibers. Molecular 
defects in procollagen molecules impair its secretion by 
osteoblasts into the extracellular ground substance as 
occurs in osteogenesis imperfecta (p. 1320). When dis- 
orders cause increased bone turnover, there is a com- 
mensurate increase in urinary excretion of both free and 
peptide-bound hydroxyproline. 

When active neo-osteogenesis is occurring the col- 
lagen is first laid down in feltlike sheets producing 
lamellae along the endosteal and periosteal surfaces, as 
well as in and about trabeculae. At the outset the 
collagen fibers are haphazardly arranged and when this 
osteoid is mineralized it is referred to as woven bone. 


Figure 28—7. Normal bone with ac- 
tive osteoblastic and osteoclastic 
activity. There is slight fibrosis of 
marrow spaces. 


With remodeling the collagen fibers are deposited 
largely in the long axis of the bone, contributing to the 
structural strength. Mineralization of this mature osteoid 
produces lamellar bone (the lamellae being about 10 
microns thick). Much of the remodeling, involving cou- 
pled osteoclastic resorption and osteoblastic formation, 
is centered about vessel-bearing haversian canals, cre- 
ating concentric layers of lamellar bone that constitute 
an osteon. Slender cytoplasmic processes extend out 
from osteoblasts and osteocytes to create canaliculi 
through the lamellae to interconnect eventually with 
the haversian canals. Thus, an elaborate system is 
provided for the sustenance and coordination of the so- 
called “bone-lining cells” and for the transfer of minerals 
into and out of bone. 

There is a 12- to 15-day delay between the forma- 
tion of osteoid and its mineralization, leaving unminer- 
alized osteoid seams up to 15 microns in thickness at 
bone-forming fronts. A deficiency in the width and extent 
of the osteoid seams implies impaired osteoblastic func- 
tion and reduced bone formation and, conversely, an 
increase in their width signifies unusually active bone 
formation and/or a delay in mineralization (p. 409). 
Osteoid is recognized histologically by its eosinophilic 
appearance, in contrast to the basophilia of mineralized 
osteoid, namely bone, 

The mineral phase of bone is largely crystals of 
hydroxyapatite-empiric formula Ca, (PO,), (OH). The 
mineralization initially is in an amorphous form, but 
with maturation is converted into the crystalline hy- 
droxyapatite. The process of mineralization is poorly 
understood, as pointed out later. Trace amounts of other 
minerals such as magnesium, sodium, potassium, and 


fluorides are also present in bone, particularly in the 
interface with extracellular fluid. Fluoride ions favor the 
formation of crystals from the amorphous deposits and 
thus harden bones (and teeth). 


BONE MODELING AND REMODELING 


The two pathways by which the bones of the 
skeleton are formed in the fetus and growing 
child—intramembranous and endochondral—have l- 
ready been presented (p. 408). Throughout life there is 
continuous resorption closely coupled with forma- 
tion—the two processes constituting remodeling.* Ob- 
viously, during development of the skeleton, formation 
far outpaces resorption, but beginning in the fourth or 
fifth decade the balance reverses. Thus, the skeletal 
mass declines with advancing age at the impressive rate 
of about 0.7% of the total mass annually. Bone formation 
and resorption are complex processes involving (a) cal- 
cium and phosphorus metabolism, (2) local influences 
and (3) humoral endocrine regulators.” 

Adequate concentrations of calcium and phospho- 
rus in the plasma and in the interstitial fluid that bathes 
the osteoblast are requisite for mineralization of the 
osteoid laid down by osteoblasts. Maintenance of the 
normal levels of calcium and phosphorus within the 
plasma depends mostly on the parathyroid glands (p. 
1226), the vitamin D hormone (p. 406), and calcitonin. 
It is customary to speak of a “solubility product” for 
calcium and phosphorus below which mineralization 
will not occur, but the precise threshold level is not 
known. One widely held theory is that serum is super- 
saturated with respect to bone mineral, and so once a 
crystal is formed it provides a nidus for further accretion 
of bone salts. Electron microscopic studies reveal within 
the membranes of osteoblasts minute vesicles less than 
1 micron in diameter at sites of mineralization.*’ Needle- 
like inclusions have been seen within these vesicles and 
appear later to break out of the vesicles, possibly to 
start the process of mineralization. Other local influ- 
ences also play roles. Osteoblasts synthesize osteocalcin, 
which is a vitamin K—dependent a-carboxyglutamic acid 
protein that binds calcium. Another product of osteo- 
blasts is osteonectin (analogous to fibronectin) that binds 
to both calcium and collagen. Bone is known also to 
remodel in response to stress, which creates so-called 
piezoelectric currents. How these electrical fields are 
translated into directed osteoblastic activity is a mystery. 
Inorganic pyrophosphate, which is present in bone, is a 
potent inhibitor of mineralization. The alkaline phos- 
phatase of osteoblasts may hydrolyze the pyrophosphate 
in the local area to permit mineralization. Significantly, 
elevated plasma levels of “bone” alkaline phosphatase 
(heat labile compared with the isoenzymes of placental 
or hepatic origin) are seen whenever there is active 
bone formation as in childhood and various bone disor- 
ders. Local production of prostaglandins E, has been 
observed in bone that has been shown to modulate 
osteoblast function and may indeed mediate stress- 
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induced bone formation or, under other circumstances, 
bone resorption. * 

Bone resorption involves solubilization of the min- 
eral phase first and then the organic phase. Although 
osteoclasts and macrophages are most important, osteo- 
cytes also contribute. The latter possess alkaline phos- 
phatase, proteases and lysosomal acid hydrolases, which 
could play roles in bone resorption. It is thought that 
osteocytic activity accounts for the rapid mobilization of 
calcium in such conditions as hyperparathyroidism, os- 
teomalacia, and thyrotoxicosis, whereas osteoclasts and 
macrophages act in the slower remodeling involved in 
the normal turnover of bone during life and the main- 
tenance of normocalcemia. In this connection, activated 
lymphocytes release an “osteoclast-activating factor’ that 
may turn on “resorbing cells’ in some bone disorders.” 
The mobilization of bone mineral is another poorly 
understood area of bone metabolism. Although osteo- 
clasts contain acid phosphatase, this enzyme is not 
known to affect the mineral phase. More likely, the 
carbonic anhydrase and dehydrogenases in these cells 
catalyze the formation of hydrogen ions and organic 
acids that could serve to solubilize the bone salts. The 
proteolytic enzymes are obvious candidates for degra- 
dation of the organic phase. 

Many hormones affect bone growth and bone loss. 
Parathyroid hormone (PTH) and the vitamin D-derived 
calcitriol stimulate bone resorption and have a direct 
inhibitory effect on osteoblasts. PTH, after binding to 
membrane receptors, increases adenylate cyclase activ- 
ity and intracellular levels of cAMP, which leads to a 
reduction in collagen synthesis and a fall in alkaline 
phosphatase activity. The actions of the vitamin D 
hormone were reviewed on page 406, but for our 
purposes here it involves mobilization of calcium from 
bone leading to resorption. Calcitonin inhibits resorp- 
tion and so may favor bone formation. Growth hormone, 
as is well-known, stimulates skeletal growth, both in 
children and adults. The effect is probably mediated 
through increased production of somatomedins by the 
liver. Sex hormones inhibit bone resorption, albeit 
indirectly perhaps, by increasing intestinal calcium ab- 
sorption and calcitonin secretion. A decrease in sex 
hormone levels may then lead to accelerated bone 
resorption, accounting possibly for the bone loss in 
senile and postmenopausal osteoporosis (p. 1327). Ad- 
renal corticoids inhibit the development of osteoblasts 
from precursors, stimulate osteoclasts, and decrease 
intestinal absorption of calcium. Thyroid hormones stim- 
ulate osteoclastic bone resorption, accounting for the 
bone loss in hyperthyroidism. Insulin stimulates colla- 
gen synthesis by osteoblasts. Thus, it is apparent that 
many influences are involved in bone formation and 
resorption. 

Bone constitutes an enormous reservoir of calcium 
and phosphorus. Up to 1 gm of calcium is mobilized 
from and returned to the skeleton each day. Most of 
this exchangeable calcium, which forms the largest part 
of the miscible calcium pool, is derived from the surfaces 
of bone, i.e., the mineralizing front where bone is 
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constantly being resorbed by osteoclasts before it is 
reformed. Large demands for calcium bring into play 
monocytes-macrophages, capable of mobilizing it from 
the vast surface represented by the bone lacunae and 
canaliculi. It is apparent that bone, far from being static, 
is a restless, vital tissue. 


PATHOLOGY 


The skeletal system is subject to vascular, inflam- 
matory, neoplastic, and endocrine diseases, as are the 
soft tissues of the body. Besides the minerals, matrix, 
and associated specialized cells, bone contains within its 
marrow spaces the wide variety of differentiated and 
primitive cells of the hematopoietic system. Skeletal 
tumors may arise from any of the component cellular 
elements of the bone as well as from the lymphoreticular 
and myeloid cells contained within the marrow spaces. 
Many hormones affect bone maintenance, and so hor- 
monal disorders such as Cushing's disease and thyrotox- 
icosis impact on bone. The bones are also the reluctant 
hosts to a number of disorders of primary origin else- 
where, such as metastatic tumors. It is no surprise, 
therefore, that the primary and secondary diseases of 
bone are varied and numerous. 

As if the number of bone diseases were not suffi- 
cient, the confusion has been compounded by the zeal 
that has been displaved in attempting to segregate every 
involvement of each bone into a distinctive entity and 
then attaching to these entities an eponymic name. The 
basic disorder might be the same in all sites, but when 
aseptic necrosis affects the tibial tubercle, it is called 
Osgood-Schlatter disease; when this same necrosis af- 
fects the navicular bone, it is called Kéhler’s disease; 
and when it affects the head of the femur, it is called 
Legg-Calvé-Perthes disease. In all, ten such eponymic 
diseases have been created out of a single anatomic 
derangement. In the face of this complexity, an attempt 
will be made to select only the more common disorders 
that represent distinctive morphologic derangements. 


CONGENITAL AND HEREDITARY 
DISORDERS 


Congenital and hereditary disorders of bone include 
a variety of relatively innocuous abnormalities that are 
confined to one or several bones, and a number of 
systemic diseases that result in striking skeletal changes 
and some times great morbidity and mortality. Some of 
the more simple and less serious anomalies consist of 
failure of development of a bone so that there is con- 
genital absence of a phalanx, rib, clavicle, or, more 
important, the femur or other long bone. Occasionally, 
extra bones are formed, such as supernumerary ribs. 
Other anomalies take the form of the fusion of two 
adjacent digits (syndactylism), the duplication of digits 
resulting in extra fingers or toes (polydactylism), or the 
development of long spider-like digits (arachnodactyl- 


ism). The association of the last anomaly with Marfan’s 
syndrome was discussed on p. 137. Other anomalies 
affect the skull and vertebral column and are frequently 
of great clinical importance, such as craniorachischisis 
(failure of closure of the spinal column and skull). This 
anomaly produces a persistent defect through which the 
meninges and central nervous system may herniate to 
produce a meningomyelocele or meningoencephalocele. 
In addition to these localized developmental defects, 
there are the more important systemic disorders de- 
scribed below. 


OSTEOGENESIS IMPERFECTA (FRAGILITAS 
OSSIUM, BRITTLE BONES) 


Osteogenesis imperfecta, better known as “brittle 
bone disease,” constitutes in reality a constellation of 
hereditary disorders of connective tissue resulting in 
abnormalities mainly in the skeleton, eyes, ears, joints, 
and teeth. The basic defect is thought to be some 
abnormality in collagen synthesis or resorption, although 
its precise nature is unknown. Tentative observations 
suggest that it is either a structural abnormality in the 
procollagen molecule or some alteration of a pre- or 
postpeptide segment that impairs secretory formation of 
type I collagen. Subsets of this condition, differentiated 
by (1) age of onset, (2) mode of transmission, and (3) 
severity, can be divided into two categories: osteogenesis 
imperfecta congenita and osteogenesis imperfecta tarda. 
There is also further phenotypic heterogeneity within 
each of these categories. The highly lethal “congenita’™ 
category is marked by clinical manifestations from birth, 
fractures at or before birth, and skeletal deformities 


with shortness of stature. The inheritance of this phen- 
otype is uncertain. In some patients it appears to be an 
autosomal recessive trait; in others, autosomal dominant; 
and even more frequently, sporadic without a familial 
background. Most often the bones are soft ’and very 
delicate and, although survival is possible, it is compli- 
cated by multiple fractures and skeletal deformities. 
Another phenotypic variant of the “congenita’ disease 
is referred to as “thick bone disease.” Inheritance is 
autosomal recessive and death usually occurs in utero 
or soon after birth.” 

The most common variety of osteogenesis imper- 
fecta is the “tarda” subset in which fractures are rare at 
birth but appear generally in early childhood. In most 
instances inheritance is autosomal dominant, but occa- 
sional cases conform to an autosomal recessive mode of 
transmission. 


The following morphologic features are variably present 
in most patients with this condition: 

The bones in the more severe expressions of “congen- 
ita” disease may be malformed, thick, and often “crumpled” 
at time of birth, because they are largely formed of bone 
salts lacking well-formed osteoid matrix. The skull too may 
be malformed. With milder “tarda” disease compatible with 
postnatal survival, they are usually extremely thin and deli- 
cate and are often deformed by recent, old, and unhealed 
fractures. Both cortical and trabecular bone is abnormally 


thin with increased bone resorption and abnormal disarray 
of collagen fibers. Although fractures may reunite, the bone 
callus is weak and susceptible to recurrent fracture. 

Eye changes, particularly distinctive, may be present in 
the more severe involvements. The sclerae are thin, trans- 
lucent and appear blue because of visualization of the 
underlying vitreous. The unusual scleral color often calls 
attention to this skeletal disorder. 

The ear abnormalities take the form of various levels of 
hearing impairment to the point of complete deafness re- 
sulting from fractures of the ossicle in the middle ear. 

The joints are abnormally lax, as are the supporting 
ligaments and tendons of the skeleton, predisposing to joint 
dislocations, kyphoscoliosis and flat feet. 

The teeth are characteristically small, misshapen, and 
blue-yellow owing to hypoplasia of dentine and pulp. 

Other features include a predisposition to hernias; 
cardiovascular abnormalities, particularly mitral valve pro- 
lapse; and thin, fragile skin deficient in collagen 1. 


Clinical recognition of osteogenesis imperfecta may 
pose no problem when fully expressed but in these 
instances is not compatible with long survival. However, 
there is a wide range in phenotypic expression, and in 
the milder forms it may go unrecognized for many years 
unless the blue sclerae or predisposition to fracture 
bring it to attention. The bone fragility may diminish at 
puberty only to be reexacerbated in females during 
pregnancy or after the menopause when bone loss 
normally occurs. Mild involvements permit normal lon- 
gevity and so must be considered in the differential 
diagnosis of all forms of osteopenia (reduced bone mass), 
particularly osteoporosis. 


ACHONDROPLASIA 


This autosomal dominant hereditary disease is char- 
acterized by impaired proliferation of cartilage cells, 
and hence decreased epiphyseal bone growth. The 
bones of the head and vertebral column are unaffected, 
and thus arises the characteristic dwarf with head and 
body too large for shortened arms and legs. 


Anatomically, the deranged cartilaginous growth pro- 
duces thick, knobby epiphyses that calcify early and irregu- 
larly. Sometimes, exuberant cartilaginous tissue protrudes 
beyond the contour of the bony cortex. The long bones are 
abnormally short, but since appositional bone growth is 
undisturbed, they are relatively thick for their length. Histo- 
logically, there is complete disarray of the epiphyseal carti- 
laginous plates. 


Although death may occur in utero or soon after 
birth, most individuals live to an advanced age in 
otherwise good health. 


OSTEOPETROSIS (OSTEOSCLEROSIS) 


Osteopetrosis is also known as Albers-Schénberg 
disease or, more graphically, as “marble bones’ to 
denote the principal characteristics of overgrowth and 
sclerosis of bone with resultant marked thickening of 
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the bony cortex and narrowing or even filling of the 
marrow cavity. Despite the “too much” bone, the 
skeleton is abnormally brittle and fractures readily. 

This is an uncommon hereditary disorder having 
two modes of transmission. The autosomal recessive 
disease is called malignant because, with homozygosity, 
bony changes appear in utero or in infancy and often 
result in early death. In contrast, the pattern with an 
autosomal dominant mode of transmission is relatively 
benign.*! Although present from birth, this form often 
is not recognized until childhood or adult life. Both 
sexes are affected equally. 


Bones 


The vertebral column, pelvic bones, and ribs are most 
often involved, but any bone in the body may be affected. 
Membranous bones such as the skull are usually spared. 
The characteristic morphologic changes consist of extreme 
density and overgrowth of solid cortical bone. Depending on 
the severity and duration of the disease, the marrow cavity 
may be narrowed down to a slender central! core or, in 
far-advanced cases, the marrow cavity may be obliter- 
ated. However, the bones are not unusually shortened or 
deformed so that the individuals are of normal stature. 
Usually the marked overgrowth of bone is manifested by the 
wideness of the spicules of cancellous bone and the mo- 
notonous solidity of the cortical bone. Sometimes, within the 
centers of these solid plates of bone and within the cores of 
the bone spicules, there is preserved cartilage, suggesting 
that the normal process of resorption of cartilage at the time 
of provisional calcification did not occur. Such marrow space 
as may be present is extremely fibrotic, and almost no 
hematopoietic elements are found. 


Many different clinical manifestations are produced 
by the morphologic changes described. Although the 
hones are extremely hard and brittle, they have been 
likened to a stick of peppermint candy that fractures 
with relatively slight stress. Anemia reflects the replace- 
ment of the marrow and is often accompanied by 
extramedullary hematopoiesis and resultant hepatosple- 
nomegaly. Visual disturbances and blindness follow the 
progressive constriction of the foramina of the optic 
nerves. Deafness reflects the overgrowth of bone within 
the middle ear and inner ear. Cranial nerve palsies and 
hydrocephalus are further possible clinical manifesta- 
tions. The diagnosis of this condition is usually obvious 
from the roentgenograms showing the markedly in- 
creased density of bone, along with narrowing of the 
medullary cavity. In the malignant form of the disease, 
severe encroachment on the marrow spaces may cause 
death in utero or in infancy, owing to profound anemia. 
The milder, dominant pattern is compatible with a near- 
normal life span, although fractures occur with even 
mild trauma. Infections, particularly osteomyelitis, are 
a constant threat to life (possibly related to neutropenia). 


OSTEOCHONDROMATOSIS (HEREDITARY 
MULTIPLE EXOSTOSES) 


An osteochondroma is also known as an exostosis. 
In essence, these lesions are the result of misdirected 
epiphyseal bone growth producing cartilage-capped 
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bony projections from the lateral contours of endochon- 
dral bones. It is likely that they are hamartomatous 
rather than neoplastic, but rarely they are the site of 
origin of a sarcoma, usually chondrosarcoma. Exostoses 
may occur as solitary sporadic lesions and may be called 
osteochondromas, but in osteochondromatosis some he- 
reditary defect leads to the formation of multiple exos- 
toses, usually bilateral and often symmetric. The mode 
of transmission of the hereditary condition is uncertain, 
but familial pedigrees suggest autosomal dominant with 
involvement of both male and female offspring of an 
affected parent. For reasons that are not clear, males 
are afflicted three times more often than females. 


Exostoses most frequently appear on the long bones of 
the extremities in the metaphyses close to the epiphyseal 
region. Occasionally the pelvis, scapula, and ribs are in- 
volved, but only rarely the small bones of the hands and 
feet (Fig. 28-8). Although they arise from the epiphyseal 
cartilage, with growth of the long bones they are left behind, 
progressively extending the distance from their points of 
origin. Sometimes there is concomitant derangement in the 
development of the long bones of the extremities, causing 
bowing and shortening. Analogously, the pelvic and pectoral 


Figure 28-8. Mushroom-shaped osteochondroma (exostosis) of 
lower end of femur with its long axis pointing away from region of 
adjacent epiphysis. (Courtesy of Dr. Ashley Davidoff, Department 
of Radiology, Brigham and Women’s Hospital, Boston.) 
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Figure 28-9. Cartilaginous exostosis at low power. The cartilaginous 
cap has been artifactually partially lifted off. 


girdles may be deformed. Exostoses assume many shapes: 
some are conical with broad bases attached to the underlying 
bone; others are mushroom-shaped with slender pedicles 
and bulbous heads; and still others are platelike. They 
usually project out 3 to 5 cm from the normal contour of the 
bone. All have at their outermost extent a layer of mature 
cartilage resembling an articular surface, but also serving as 
an epiphyseal site of growth. The body of the lesion is 
composed of well-formed bone having an outer cortex en- 
closing trabecular bone (Fig. 28-9). Microscopically, the 
cartilage is usually mature and resembles that in the normal 
epiphysis, but foci of cartilage may persist within the can- 
cellous centers of these lesions. The histologic details of the 
bone structure are otherwise normal. 


Solitary exostoses have no apparent hereditary 
background. Whether solitary or multiple in the hered- 
itary syndrome, they are rarely discovered before late 
childhood or adolescence, perhaps reflecting the time 
required for their development. Growth of the lesion 
usually stops at the time of epiphyseal closure but 
occasionally continues into adult life. Usually symptom- 
less, they come to attention as a chance radiographic 
finding. However, they can produce obvious external 
deformities or uncommonly impinge on a blood vessel 
or nerve. More important, in 3 to 5% of hereditary 
cases one of the exostoses gives rise to a fibrosarcoma, 
osteosarcoma, or (more usually) a chondrosarcoma. The 
risk for the individual is substantially less with a solitary 
lesion, presumably because there are fewer lesions. In 
a rare instance, osteochondromatosis appears in the 
hereditary Gardner's syndrome (p. 868), characterized 
also by desmoid tumors, sebaceous cysts, and, most 


significantly, polyps (papillary adenomas) of the colon 
that sometimes become carcinomatous. 


ENCHONDROMATOSIS (OLLIER’S DISEASE) 


An enchondroma is a benign, cartilaginous mass 
located within the medullary cavity of a bone. As 
discussed Jater, solitary enchondromas may appear as 
sporadic lesions; here we are concerned with the mul- 
tiple enchondromas in Ollier’s disease. Most frequently 
affected are the bones of the hands. and feet, and less 
often the long tubular bones. Because these are all 
endochondral bones, it is speculated that in Ollier’s 
disease there is some disturbance in epiphyseal bone 
growth leaving behind rests of cartilage within the 
metaphyses that later enlarge to produce the enchon- 
dromas. According to this view, the cartilaginous masses 
are hamartomatous rather than neoplastic. 

The condition is usually discovered in early child- 
hood as the proliferation of cartilage causes thinning 
and expansion of the surrounding cortex leading to pain 
and eventual skeletal distortions or fractures. With this 
early age of onset it is natural to assume some congenital 
derangement, but clear evidence of hereditary and 
familial influences are lacking. On occasion, enchondro- 
matosis is associated with multiple cavernous heman- 
giomas, usually of the skin: this particular subset is 
called Maffucci’s syndrome. 

Since the morphologic appearance of the lesions is 
identical to that of sporadic enchondromas, they are 
described on page 1341. Sometimes they rupture 
through the cortex to produce disfiguring, soft tissue 
masses, and (most important) they may give rise to 
chondrosarcomas. The incidence of malignant transfor- 
mation has been reported variously as 5 to 50%; this 
range may merely reflect the number of enchondromas 
within the individual] patient, the risk being proportional 
to the number of lesions. Whatever the level, nearly 
50% of chondrosarcomas arise from enchondromas, so 
that.the patient with Ollier’s disease is at particular risk. 


OTHER HEREDITARY SKELETAL DISORDERS 


In this context, mention might be made of three 
conditions considered elsewhere in this text: Marfan’s 
syndrome (p. 137), Ehlers-Danlos syndrome (p. 155), 
and the mucopolysaccharidoses (p. 150). Marfan’s syn- 
drome is characterized by striking elongation of the 
skeleton, particularly prominent in the long, spider-like 
fingers (arachnodactyly). Ehlers-Danlos syndrome is 
marked by disorders of the supporting tissues of the 
skeleton, leading to striking hypermobility of the joints. 
Several variants of the mucopolysaccharidoses are char- 
acterized by massive accumulations of mucopolysac- 
charides within marrow phagocytic cells, sometimes 
leading to sufficient distortion of the skeleton, and in 
particular the bones of the face and skull, to have given 
rise to the term gargoylism. 
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Bones 


INFECTIONS 


Bacterial infections of bone occur under different 
circumstances. In any blood-borne systemic disease, 
such as brucellosis, typhoid fever, the mycoses, tuber- 
culosis, and bacterial endocarditis, the bone marrow 
may be seeded with organisms to produce small foci of 
infection. Usually these inflammatory lesions are of 
microscopic size, do not contribute materially to the 
clinical disease, and are of significance only as anatomic 
findings that aid in establishing the nature of the primary 
systemic disease. However, in addition to these insig- 
nificant lesions, more serious bacterial infections occur 
in bone. Both the bone marrow and bone are often 
affected concomitantly to produce an osteomyelitis. The 
three most serious infections of bone are (1) pyogenic 
osteomyelitis, (2) tuberculosis, and (3) syphilis. 


PYOGENIC OSTEOMYELITIS 


Osteomyelitis represents a pyogenic infection of 
the bone and bone marrow. Characteristically, it begins 
as an acute infection. Acute hematogenesis osteomyelitis 
is almost limited to those under the age of 21, and 
affects, in descending order of frequency, the femur, 
tibia, humerus, and radius. The rare cases in adults 
tend to localize in the spine. Many of these infections 
spontaneously resolve or are aborted by appropriate 
treatment. Indeed, in the present era of effective anti- 
bacterial therapy, most are brought under prompt con- 
trol, accounting for a decrease in the incidence of this 
disease today. If unrecognized or inadequately treated, 
however, the infection may persist to become chronic, 
as still occurs in 20% of cases.* 

ETIOLOGY AND PATHOGENESIS. Osteomyelitis may 
complicate an overt systemic or distant extraosseous 
infection, when organisms are blood-borne, but more 
often it arises as an apparent primary infection in 
previously healthy individuals. Bacteremias, sometimes 
extremely fleeting, are known to occur frequently from 
such trivial sources as insignificant injury to the intes- 
tinal mucosa; the mere vigorous chewing of hard foods, 
with or without apparent dental infection; and common- 
place cuts and bruises of the skin. Local trauma may 
influence the location of the bone infection, but often it 
appears to be purely chance. Not unexpectedly, these 
infections are common and more severe in persons 
suffering from debilitation or some immunodeficiency. 

Almost any pathogen may cause osteomyelitis, but 
most often it is S. aureus followed in order of importance 
by streptococci, pneumococci, gonococci, and influenzal 
and coliform organisms. In the neonatal period, group 
B streptococci are frequent offenders. Osteomyelitis is 
a particular hazard in patients with sickle cell disease; 
for unknown reasons, with this condition it is often 
caused by the salmonellae. In drug addicts, Pseudo- 
monas is the most common offender.™ 

Blood-borne infections usually begin in the marrow 
space of the metaphysis where capillary flow is slowest, 
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favoring lodgement of organisms. The evolution of these 
infections differs somewhat from those in soft tissues 
because inflammatory edema in the bony encasement 
rapidly constricts the blood supply. There is a tendency 
then for bone fragments to become devitalized and 
produce sequestra (see below). In infants the periosteum 
is loosely attached and the epiphyseal cartilage traversed 
by capillaries, favoring subperiosteal spread and exten- 
sion into the joint space, with resultant suppurative 
arthritis. In contrast, after the first year or two of life, 
septic arthritis is uncommon. Rarely, osteomyelitis fol- 
lows trauma to soft tissues and bone or contiguous soft 
tissue infection, e.g., direct contamination of an open 
fracture, direct extension of a periapical tooth abscess, 
or gangrenous necrosis of the foot or toes. 


MORPHOLOGY. During the phase of acute osteomye- 
litis, a characteristic suppurative reaction occurs, which tends 
to develop considerable exudative pressure and thus ex- 
tends in both directions within the marrow cavity. The vas- 
cular supply is often compromised as the inflammatory 
pressure builds up. The inflammation penetrates the en- 
dosteum and enters the haversian and lacunar systems of 
the bone to reach the subperiosteum. Sometimes it ruptures 
through this membrane into the surrounding soft tissues. 
This pattern of penetration of the cortex may occur at one 
or several points to eventually cause multiple sinus tracts 
through the cortical bone. When spread to the subperiosteum 
occurs, the infection dissects in this plane to further impair 
the blood supply in the affected region. The suppurative and 
ischemic injury may then cause necrosis of a small or large 
fragment of bone known as a sequestrum. This devitalized 
sequestrum, in the course of time, may be resorbed or is 
sometimes sloughed to form a free foreign body that on 
occasion dissects through to the skin. In this fashion, or by 
the direct penetration of the spreading infection, inflamma- 
tory skin sinuses may develop. 

Except in infants in the first year of life, the epiphyseal 
cartilaginous plate resists bacterial invasion, and therefore 
the osteomyelitis rarely extends into the head of the bone, 
the epiphysis, or the joint cavity. However, when the infection 
is sufficiently severe, spread into the soft tissue and then 
along the outer or inner surface of the periosteum provides 
a pathway to the head of the bone and the joint cavity. Such 
a complicating suppurative arthritis may result in extensive 
destruction of the joint and permanent disability (p. 1348). 

Not all instances of acute hematogenous osteomyelitis 
follow such a spreading destructive pattern as described. In 
certain instances, the initial infection is localized to a small 
area and becomes walled off by inflammatory fibrous tissue 
to create a localized abscess that may undergo spontaneous 
sterilization or become a chronic nidus of infection (Brodie’s 
abscess). In other instances, the infection, after having 
spread through a localized region of the bone, is contained 
by the natural resistive forces of the host or is controlled by 
therapy. 

In the course of time, all these infections are modified 
by the reactive reparative responses that come into play 
even while underlying smoldering infection persists. At this 
stage, the disease is better called chronic osteomyelitis. 
Osteoblastic activity, particularly from the periosteum, forms 
new bone subperiosteally (involucrum) that encloses and 
envelops the inflammatory focus. Also, a considerable 
amount of new bone is laid down about the focus of infection 


within the marrow cavity to produce increased density and 
bony sclerosis at the periphery of the infection. This reaction 
further localizes the infection. This neo-osteogenesis, if 
continued long enough, gives rise to a densely sclerotic 
pattern of osteomyelitis referred to as Garré’s sclerosing 
osteomyelitis (Fig. 28—10). 

The histologic changes depend entirely on the stage of 
the osteomyelitis and its duration. Basically, two elements 
can be identified: suppurative and ischemic destructive 
necrosis and fibrous and bony repair. 


CLINICAL Course. Hematogenous osteomyelitis 
usually manifests itself as an acute, febrile, systemic 
illness accompanied by symptoms referable to the local 
lesion. These children have malaise, fever, chills, and 
leukocytosis as well as marked-to-intense local pain that 
is frequently described as throbbing. Often there is 
redness, swelling, and tenderness in the overlying soft 
tissues. However, the presentation may be much more 
subtle with only unexplained fever, particularly in in- 
fants. The diagnosis is confirmed by radiologic evidence 
of bone destruction. It should be cautioned, however, 
that in the early stages of osteomyelitis (during the first 
ten days) the devitalization and necrosis of bone may 
not be sufficiently advanced to produce radiographic 
changes. In about 60% of instances, blood cultures are 
positive, particularly during the stage of development 
of bone infection. 

In most cases, massive antibiotic therapy success- 
fully aborts the infection before much bone necrosis has 


Figure 28-10. Sclerosing osteomyelitis as evidenced by dense, 
sclerotic, pale-appearing area in shaft. 


occurred. Rarely, surgical drainage and débridement of 
sequestered fragments is necessary. Sometimes the 
course is complicated by spontaneous fracture of the 
weakened bone or by the extension of infection into 
adjacent joints. In addition to the local destruction, 
osteomyelitis is an important source for the hematoge- 
nous dissemination of infection, with the production of 
pyemic abscesses and focal soft tissue lesions elsewhere 
in the body, sometimes on the heart valves. The devel- 
opment’ of osteomyelitis is a feared complication of 
compound fractures that seriously delays and prejudices 
the quality of eventual repair. Amyloidosis is a potential 
complication of persistent chronic infections. 


TUBERCULOSIS 


Clinically, significant tuberculous infections of bone 
are now rarities. At present, the usual osseous infection 
takes the form of miliary seeding of the marrow cavity 
in the course of hematogenous dissemination of this 
organism. Such miliary tubercles are generally of little 
consequence to the patient. However, on bone marrow 
biopsy they can provide the explanation for a fever of 
unknown origin (FUO). More serious spreading tuber- 
culous osteomyelitis is now very uncommon and is 
generally a complication of uncontrolled pulmonary 
tuberculosis. Usually the organisms originate in cavitary 
pulmonary lesions, but rarely they spread to the bone 
from a caseous focus in the lymph nodes in the medias- 
tinum, or from those along the aorta in the abdominal 
cavity. Children are more frequently affected than 
adults, but not in the great preponderance encountered 
in the acute pyogenic osteomyelitis described. 

Unlike pyogenic osteomyelitis, tuberculous osteo- 
myelitis tends to arise as an insidious chronic infection 
that is characteristically much more destructive and 
resistant to control. The long bones of the extremities 
and the spine are the favored sites of localization. Other 
less favored sites are the skull, hands, feet, and ribs. 
Commonly, the infection extends through large areas of 
the medullary cavity and causes extensive ulcerative 
inflammatory necrosis of cortical bone, with the produc- 
tion of large and multiple sinuses. The necrosis pro- 
gresses through the periosteum into the soft tissues and 
frequently produces skin sinuses. Extension through the 
epiphyseal cartilage into joint spaces and destruction of 
intervertebral discs make this disease a most disabling 
one. When it occurs in the spine (Pott’s disease), 
compression fractures are prone to develop that result 
in serious deformities (kyphosis and scoliosis) and often 
lead to permanent damage as new bone formation fixes 
the spine in this malalignment. The tuberculous exu- 
dation may extend from the vertebral bodies into the 
paravertebral muscles and, in one characteristic pattern, 
it extends along the sheath of the psoas muscle to 
produce a psoas abscess. Sometimes these infections 
present as cold fluctuating abscesses in the inguinal 
regions and inguinal nodes. The morphologic changes 
are those characteristic of all tuberculous lesions and 
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need not be reiterated. Systemic amyloidosis may de- 
velop in protracted cases. 


Bones 


SYPHILIS 


Today, in the United States, syphilitic involvement 
of bone is indeed an uncommon lesion. It may occur in 
both congenital and acquired syphilis. In the congenital 
form, the involvement affects principally the junction 
of the metaphysis and the epiphysis and is designated 
osteochondritis. When the periosteum, principally of 
the long bones, is involved alone, it is referred to as 
periostitis. The osteochondritis causes considerable dis- 
array and destruction of the epiphyseal cartilage by the 
characteristic fibroproliferative inflammatory reaction of 
syphilis. This invasive granulation tissue may destroy 
the lateral margins of the epiphyseal plate or invade the 
epiphyseal plate, sometimes almost separating the epi- 
physeal head of the bone from the metaphysis. The 
inflammatory tissue may extend into the medullary 
cavity to cause widespread fibrosis. 

The characteristic histologic hallmarks of syphilis 
can be found in this inflammatory response in the form 
of obliterative endarteritis and striking perivascular 
mononuclear cell infiltrations, principally of plasma 
cells. Reactive bone formation occurs from the sur- 
rounding vital periosteum. The periostitis produces a 
similar syphilitic granulation tissue between the cortical 
bone and the periosteum and is accompanied by the 
laying down of new bone to produce a characteristic 
“crew haircut’ appearance or sclerosis of the cortex 
roentgenographically. When this thickening occurs on 
the tibia, it gives rise to the deformity recognized as 
saber shin. 

Acquired syphilis may result in osteochondritis and 
periostitis, but may also be manifested by the develop- 
ment of a frank syphilitic osteomyelitis, usually by the 
production of characteristic gummas within the marrow 
cavity of the bone. In the acquired forms, in addition 
to the long bones, the skull and vertebral column are 


affected. 


FRACTURES 


The speed of healing and perfection of repair of a 
fracture depend on whether the break has occurred in 
a previously normal bone or at some site of preexistent 
disease (pathologic fracture). They also depend on the 
extent and nature of the fracture. Fractures may be 
complete or incomplete (greenstick), closed (simple) with 
intact overlying tissue, comminuted when the bone has 
been splintered, and compound when the fracture site 
communicates with the skin surface. Incomplete closed 
fractures heal most rapidly with almost complete recon- 
struction of the preexisting architecture. On the other 
hand, comminuted and compound fractures heal much 
more slowly with less satisfactory results. In the former, 
the devitalized bone splinters constitute impediments 
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to repair; in the latter, possible infection contributes to 
bone destruction and impairment of blood supply and 
stimulates fibrosis, which gets in the way of bony 
healing. On this basis, the morphologic changes that 
are encountered in the healing of a fracture depend, to 
a considerable extent, on the nature of the fracture and 
the collateral problems involved. With this understand- 
ing, the basic sequence of events in the repair of a 
simple closed fracture will be presented, since this 
pattern is followed in the healing of all fractures and is 
only slowed and more or less impaired by the compli- 
cations mentioned. 


Healing of a fracture represents a continuous process, 
but it can be divided for convenience into three distinct 
stages: (1) organization of hematoma at the fracture site, 
leading to a soft tissue so-called procallus; (2) conversion 
of the procallus to fibrocartilaginous callus, which more 
effectively immobilizes the bone fragments; and (3) replace- 
ment of the fibrocartilaginous callus by osseous callus, which 
eventually will be remodeled along lines of weight-bearing 
to complete the repair. 

Immediately after a fracture, there is considerable hem- 
orrhage into the fracture site from ruptured vessels within 
the bone as well as from the torn periosteum and surrounding 
soft tissues. A hematoma is thus formed that fills the fracture 
cleft and surrounds the area of bone injury. The coagulation 
of this blood gives rise to a loose fibrin mesh that more or 
less seals off the fracture site and, at the same time, serves 
as a framework for the ingrowth of fibroblasts and new 
capillary buds. As occurs with a soft tissue injury, the clot 
undergoes organization to produce eventually a soft tissue 
callus that provides some anchorage for the bone fragments, 
but no structural rigidity (Fig. 28-11). 


Fig. 28-11 


However, the healing of a bone injury differs from the 
healing of a soft tissue injury from this point on. After the 
first few days, newly formed cartilage and bone matrix 
are evident in the fibrovascular response. The origin of this 
osteoid and cartilaginous tissue is somewhat obscure. Some 
of the osteoblasts and chondroblasts that form it are un- 
doubtedly derived from periosteum and endosteum of the 
preserved margins of bone. However, regional fibroblasts 
may differentiate into osteoblasts and chondroblasts and 
participate in this activity. By the end of the first week, well- 
developed new bone and cartilage are dispersed through 
the soft tissue callus (Fig. 28-12). In the course of succeed- 
ing days, these bone spicules become sufficiently numerous 
and aggregated to create a large, fusiform, temporary bony 
union of the fracture Known as the provisional or procallus. 

This provisional callus Is considerably wider than the 
normal diameter of the bone and extends for some distance 
up over the fractured ends, thus to create a spindle-shaped, 
fairly effective splint. In an uncomplicated fracture, the pro- 
visional callus usually attains its maximal size at about the 
end of the second or third week. Over the subsequent 
course of time, this provisional callus is increasingly strength- 
ened by the widening of the newly formed delicate bone 
spicules and is at the same time remodeled by osteoblastic 
and osteoclastic activity. 

The remodeling process is directed by the muscle and 
weight-bearing stresses imposed on the bone. If the fracture 
has been well aligned and the original weight-bearing strains 
are restored, nearly perfect reconstruction of the bone is 
accomplished. In such reconstruction, the internal callus that 
fills the marrow space is also resorbed and, at some later 
date, roentgenograms may completely fail to demonstrate 
the site of previous injury. 

Perfect repair may be not only impeded but also blocked 
by many complications. Malalignment and comminution of 


a. 
Fig. 28-12 


Figure 28-11. Experimental demonstration of bone repair. Hole drilled in femur is filled with 
hemorrhage and granulation tissue. Fibrous tissue fills adjacent marrow space, and bone spicules 


are found within this soft tissue callus. 


Figure 28-12. New bone formation (slender spicules) outside old cortex in healing of a fracture. 


the bone are almost inevitably followed by some permanent 
deformity. Moreover, the devitalized spicules of comminuted 
bone must be demineralized and the osteoid material re- 
sorbed. These processes delay healing, enlarge the provi- 
sional callus, and favor the formation of an overly large, 
deforming, permanent callus. Permanent obliteration of the 
marrow cavity may occur. Inadequate immobilization of the 
bone permits the continuance of twisting, shearing, and 
bending stresses. Under these circumstances, the laying 
down of an osteoid and chondromatous matrix is slow and, 
in fact, in many instances is nearly blocked, so that the 
callus may be composed of only fibrous tissue and cartilage 
that perpetuate the abnormal mobility. An osseous callus 
may not form under these circumstances and a dense fibrous 
tissue remains as the end stage of the repair process, 
producing a false joint (pseudoarthrosis). Interposition of 
soft tissues tends to give rise to such fibrous, inadequate 
bony union. However, in any of these complications, if the 
interposed soft parts can be removed at a later date, or 
adequate immobilization eventually effected, ultimate ade- 
quate repair can be anticipated except perhaps in advanced 
age groups suffering from arterial and venous inadequacies. 
Perhaps the most serious impediment to healing is infection 
of the fracture site, as feared in comminuted fractures. In 
this circumstance, the infection must be brought under 
control before bony union can be effected. 

Systemic derangements may further unfavorably affect 
the end results. Inadequate levels of calcium and phospho- 
rus, avitaminoses, systemic infections, generalized athero- 
sclerosis that renders the area ischemic, and preexistent 
osteomalacia or osteoporosis (p. 1329) are some of these 
unfavorable influences. Generally, with children and young 
adults, in whom most uncomplicated fractures are found, 
practically perfect reconstruction may be anticipated. In older 
age groups in whom more of the unfavorable influences are 
prone to complicate the problem, less favorable union oc- 
curs. 


OSTEOPOROSIS 


Osteoporosis can be defined as an excessive but 
proportional reduction in the amounts of both the 
mineral and matrix phases of bone unaccompanied by 
any abnormality in structure of the residual bone. The 
reduction in skeletal mass involves both cortical bone, 
mainly along the endosteal surface, and the trabecular 
bone. Although the entire skeleton is usually affected, 
osteoporosis may be restricted under certain circum- 
stances to an extremity, as explained below. The bone 
loss assumes greatest importance in the vertebrae, fem- 
oral necks, pelvis, and ribs where it leads to increased 
skeletal fragility with predisposition to microfractures, 
pain, deformities, and overt fractures. Osteoporosis 
must be viewed in the context that bone loss is almost 
inevitable, beginning in women at about 45 years of age 
and in men between 50 and 60 years of age.® Implied, 
therefore, in the clinical usage of the term “osteoporosis” 
is a reduction in bone mass sufficient to produce clinical 
manifestations. Symptomatic osteoporosis is encoun- 
tered in three ill-defined and overlapping age groups. 
The dominant group consists of postmenopausal women, 
in whom the condition is referred to as postmenopausal 
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osteoporosis. Next most common are elderly individuals 
of both sexes—senile osteoporosis. Much less frequently 
it is encountered in those under the age of 40, and then 
is referred to as idiopathic osteoporosis. When the 
disorder appears in children or adolescents, it is called 
juvenile osteoporosis. However, the use of these clinical 
terms should not obscure the fact that, so far as is 
known, the basic bony disorder is the same in all the 
clinical subsets. 

A major clinical problem in the diagnosis of osteo- 
porosis is its differentiation from other bone-losing dis- 
orders, collectively referred to as osteopenias (discussed 
below). Osteomalacia related to a deficiency in adults of 
vitamin D (or its metabolites), calcium, and/or phospho- 
rus is another skeletal disorder characterized by “too 
little” bone. Basically, it is marked by impaired miner- 
alization of bone matrix and the accumulation of excess 
osteoid matrix. In osteoporosis, there is no disturbance 
in the mineral/organic ratio and no excess of osteoid. 
Hyperparathyroidism, hyperthyroidism, and _ wide- 
spread malignant infiltrations as in leukemia, multiple 
myeloma, and disseminated carcinoma also induce in- 
creased destruction of bone. Skeletal loss is also seen 
with glucocorticoid excess, chronic liver disease, alco- 
holism, and heparin administration.** Radiographically, 
all these disorders produce very similar or identical 
“osteopenia.” —To compound the problem further, there 
is difficulty in determining clinically the severity and 
indeed the existence of the bone loss in all forms of 
osteopenia, particularly in osteoporosis. One would as- 
sume that it could be established radiographically, but 
standard x-ray techniques and experienced radiologists 
cannot detect demineralization until] 30 to 50% of bone 
mineral is lost. Other more specialized procedures (to 
be cited later) have been developed, but it suffices to 
note that osteoporosis is difficult to diagnose clinically 
and difficult to segregate from other forms of osteo- 
penia.”’ 

PATHOGENESIS. The origins of osteoporosis in most 
cases are unknown. Only in a few instances is there a 
plausible mechanism, as, for example, the skeletal loss 
in Cushing's syndrome attributed to glucocorticoid ex- 
cess (p. 1237).°° Indeed, it is entirely possible that 
osteoporosis represents a common end point of multiple 
pathogenetic pathways and, conceivably, several must 
act in concert to produce significant clinical disease. 
Three general, not mutually exclusive, propositions are 
entertained, any or more of which may be applicable to 
a particular case: (1) genetic or constitutional predis- 
position in the form of a delicate skeleton less well able 
to sustain a negative bone balance, (2) a normal rate of 
bone loss but slowed bone formation, and (3) a normal 
rate of bone formation but an accelerated rate of bone 
loss. 

The “delicate skeleton” theory derives support from 
the following observations. Most cases of osteoporosis 
become clinically symptomatic after age 50 when pro- 
gressive, slow attrition of the skeleton is a physiologic 
phenomenon. With a preexistent slender endowment, 
the threshold of structural stability is readily passed. 
Genetic influences may contribute to the skeletal en- 
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dowment. Osteoporosis is much more common in whites 
than in blacks. possibly related to a greater bone mass 
in the latter. A high concordance in both bone mass 
and age-related loss has been reported in identical twins. 
However, a poor skeletal endowment cannot readily 
account for the appearance of osteoporosis at puberty 
or in young adults when there is normally progressive 
increase in the bone mass, unless some pathologic 
process initiates a negative balance. 

Slowing of bone formation could account for symp- 
tomatic osteoporosis even with a normal rate of bone 
loss. Immobilization and reduced physical activity are 
both clearly associated with the appearance of osteopo- 
rosis, and both are marked by reduced bone formation.” 
Indeed, immobilization of an extremity, as, for example, 
following a fracture, is followed by osteoporosis limited 
to the immobilized portion of the skeleton. In these 
clinical circumstances, it is theorized that reduction of 
stress-related piezoelectrical stimuli (mentioned earlier) 
in some unknown manner reduces bone formation. 
Theoretically, these influences could contribute to the 
development of postmenopausal and senile osteoporosis, 
but there is no documentation that they are related to 
osteoporosis in younger individuals. 

The weight of evidence favors accelerated bone 
loss, which would, of course, have greatest effect on an 
already delicate skeleton.” With symptomatic osteopo- 
rosis, there is increased urinary excretion of both hy- 
droxyproline and calcium, reflecting breakdown of both 
the organic and mineral phases of bone. Often there is 
also slightly increased serum alkaline phosphatase, in- 
dicative of enhanced osteoblastic activity, and therefore 
no impairment in bone formation. Indeed, the fact that 
osteoblastic activity is normal or enhanced is itself 
suggestive of a compensatory reaction to abnormal bone 
breakdown. Female and male sex hormones must cer- 
tainly play a role in the pathogenesis of postmenopausal 
and senile osteoporosis. As pointed out earlier (p. 1319), 
these hormones inhibit resorption, and so with a defi- 
ciency bone and calcium are lost. Estrogen therapy 
stems the urinary calcium loss, at least for a time. 
However, there is no evidence of estrogen receptors in 
bone that might mediate a direct effect. Instead, it is 
proposed that sex steroids have indirect effects.©! De- 
ranged calcium metabolism might also potentiate bone 
loss. A negative calcium balance is seen in elderly 
patients with osteoporosis attributed to aging changes 
in the intestinal mucosa with impaired calcium absorp- 
tion and to reduced formation of calcitriol from vitamin 
D. In addition, aged individuals tend to have restricted 
intakes of calcium, vitamin D, and protein, so that 
dietary supplementation of each is sometimes beneficial 
in slowing or preventing the progression of osteoporosis. 
More speculation might be offered, but it is better to 
admit ignorance of the origins of this bony disorder and 
thus permit an unbiased search for new leads. 


THE MUSCULOSKELETAL SYSTEM 


Save in the rare instances in which only an extremity is 
immobilized, osteoporosis is a systemic disorder. It is most 
marked in the axial skeleton (vertebrae, ribs, and pelvis), 
but other bones, particularly the femoral necks, may also be 


involved. The loss of bone is generally more marked in the 
trabeculae than in the cortex. Because the vertebrae are 
predominantly trabecular bone, they bear the brunt of the 
disease. In contrast, the ulna, for example, is largely cortical 
bone, the ratio of cortex to trabeculae being higher in the 
midshaft than at the ends. A fall is therefore more likely to 
cause a fracture of the wrist than of the midshaft in individ- 
uals with osteoporosis. There is thinning and sometimes 
complete resorption of bone trabeculae. Cortical thinning 
due largely to endosteal resorption also occurs; hence, the 
external surfaces of the bone are smooth and unaffected 
and their overall diameter is not diminished. Such bone as 
remains is histologically normal and there is no increase of 
osteoid matrix or accentuation of the osteoid seams. 
Compression fractures of the vertebrae and fractures of the 
femoral necks are the two most common consequences of 
osteoporosis, the predisposition being proportional to the 
severity of bone loss. 


CLINICAL COURSE. Osteoporosis by itself is asymp- 
tomatic. Often it is discovered by noting bone deminer- 
alization on x-rays taken for other reasons. However, as 
indicated, the radiographic demonstration of decreased 
bone density is nonspecific and is only well defined 
when the bone loss is already well advanced. Sometimes 
there are no symptoms but only loss of height due to 
compression microfractures of the vertebrae accom- 
panied by increased kyphosis of the dorsal spine. Symp- 
tomatic osteoporosis presents with: (1) midline back pain 
in the thoracic or lumbar areas related to vertebral 
compression microfractures; (2) severe back pain caused 
by collapse of one or more of the weight-bearing ver- 
tebrae (T-7 and lower), causing loss of height and sudden 
increase in the lumbar lordosis; or (3) sometimes a 
fracture of the femoral neck, wrist, or other bone. In 
these patients the rate of hip fractures in women quad- 
ruples each decade after the age of 50 and, significantly, 
up to 20% of elderly patients die within six months after 
such fractures. 

The lack of simple methods for assessing reduction 
in bone mass complicates clinical diagnosis. The serum 
calcium and phosphorus levels are characteristically 
normal or near normal. Although there may be an 
increase in urinary excretion of hydroxyproline and 
calcium, the increased levels are often within the range 
encountered in age-matched controls. Special radio- 
graphic studies measuring cortical thickness relative to 
the overall width or external diameter of the bone are 
a valuable index of bone loss. Favored sites for these 
measurements are the iliac crest and metacarpals. More 
accurate, but not widely available, is dual-beam photon 
absorptiometry, which provides a remarkably accurate 
assessment of bone mineral content.® Other methods 
are available, including the CT scan, but often the 
diagnosis depends largely on the classic clinical findings 
in the appropriate age setting. 

The therapy of osteoporosis is beyond our scope. 
It suffices to note that, although estrogens in the post- 
menopausal woman, calcium, fluoride, calcitonin, and 
vitamin D supplementation, as well as many other 
agents, singly or in combination, have been reported to 
be of help in slowing the progression of osteoporosis, 


such claims have been refuted, and no agent or combi- 
nation clearly reverses the condition. 


OSTEOMALACIA 


This systemic bone disorder assumes great impor- 
tance to the physician because it is thé most common 
remediable bone disease of the elderly. Literally, osteo- 
malacia means “softness of bone.” In essence, it repre- 
sents the adult counterpart of childhood rickets and is 
characterized by inadequate mineralizaton of bone ma- 
trix, resulting in an increase in the relative amount of 
osteoid tissue. ** The excess of osteoid is a consequence 
of the failure of mineralization to keep pace with new 
synthesis of bone matrix. Hence, the bone displays an 
increase of osteoid seams, and an abnormally large 
fraction of the total bone surface is covered by nonmin- 
eralized osteoid (hyperosteoidogenesis). Thus, osteo- 
malacia differs from osteoporosis insofar as the former 
is characterized by a relative deficiency of mineral and 
an excess of osteoid, whereas in the latter the propor- 
tional composition of the bone is essentially normal. 
The differential features can indeed be subtle, however, 
as pointed out on page 1327. 

PATHOGENESIS. The pathogenesis of osteomalacia 
in the adult is the same as that of rickets in the growing 
child, and was discussed on page 407. The nutritional 
deficit, whether primary or conditioned, and usually of 
vitamin D or calcium, induces not only a failure of 
mineralization but also prolongation of the time interval 
between osteoid synthesis and mineralization, resulting 
in abnormally wide osteoid seams. Instead of the normal 
delay of 12 to 15 days, the time lag for mineralization 
may be as long as two to three months. Moreover, some 
areas completely fail to mineralize, leaving residuals of 
osteoid. 


MORPHOLOGY. Osteomalacia is characterized by 
the inadequate mineralization of newly formed osteoid 
matrix. With inadequate mineralization, there is some slow- 
ing or impairment of the continued formation of matrix so 
that ultimately the bones are softer and more fragile than 
normal, as in osteoporosis. Fractures are common as in 
osteoporosis but, bending and stress deformities also de- 
velop because the bones are of decreased brittleness as 
well as being weaker. Microscopically, there is an excess of 
osteoid matrix with widening of the seams or external layer 
of osteoid on surfaces where neo-osteogenesis is occurring. 
However, these changes are also seen in conditions of 
active bone formation. More definitive is evidence of inade- 


quate mineralization, such as disappearance of the granular . 


layer of amorphous calcium before it is reorganized into 
crystalline hydroxyapatite, best brought out by tetracycline 
labeling (p. 409).® The inadequate mineralization makes the 
matrix a poor substitute for normally calcified bone. 


CLINICAL COURSE. Osteomalacia is a disease of 
economically deprived nations and of the elderly 
throughout the world. In deprived populations, it is 
usually the consequence of an inadequate diet worsened 
by parasitic infections and malabsorption. In the elderly, 
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dietary deficiency is also involved but it is often com- 
pounded by avoidance of sunlight, with reduced endog- 
enous synthesis of vitamin D, the use of drugs that alter 
the metabolism or absorption of the critical nutrients, 
and renal and intestinal disorders that cause malabsorp- 
tion or affect the metabolism of vitamin D, calcium, and 
phosphorus. No better capsule characterization of this 
disease can be given than that of Habener and Mahaffey: 
“In its mild form the disease may remain asymptomatic 
for years. In more advanced forms the disease presents 
with the typical findings of diffuse bone pain, muscle 
weakness, hypophosphatemia, hyperphosphatasia, low 
to low-normal serum calcium, diminished urinary cal- 
cium, a roentgenographic appearance of diffuse osteo- 
penia (lack of bone) with or without characteristic pseu- 
dofractures and a bone biopsy that reveals the 
pathognomonic widening of the osteoid seams.’® The 
bone pain, like that in osteoporosis, is especially prom- 
inent in the back and about the hips, and in some 
instances may be related to microfractures. The mus- 
cular weakness is poorly understood but may be suff- 
ciently severe to limit mobility and mimic that of 
primary muscle disorders. There is experimental evi- 
dence that vitamin D deficiency affects muscle metab- 
olism.®*’ Whatever its origin, the myopathy is sometimes 
alleviated by dietary supplementation with vitamin D 
and bone minerals. The diagnosis of osteomalacia usually 
depends on the clinical setting because the radiographic 
changes are indistinguishable from those of osteoporosis. 
Particularly helpful are radiolucent bands, known as 
Looser’s zones, presumably caused by the erosive pul- 
sation of abutting arteries. They are best seen at the 
inner aspects of the femur (near the femoral neck), and 
at the upper fibula, scapula, and pelvis. 

Rarely, when the osteomalacia is related to renal 
tubular disorders or chronic renal failure, there is in- 
creased radiographic density of the bones, but they are 
still subject to fracture with minor trauma. 
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SKELETAL CHANGES IN 
HYPERPARATHYROIDISM (OSTEITIS 
FIBROSA CYSTICA GENERALISATA, 
VON RECKLINGHAUSEN’S DISEASE 

OF BONE) 


Prolonged or severe hyperparathyroidism, whether 
primary or secondary, causes progressive resorption and 
destruction of bone. Although it has always been clas- 
sically taught that these changes produce a specific 
anatomic pattern known as osteitis fibrosa cystica, it is 
now appreciated that many earlier alterations affecting 
the bone do not fit into this anatomic pattern. Osteitis 
fibrosa cystica is the late lesion that only develops in 
the advanced stages of hyperparathyroidism. The earlier 
manifestations consist first of demineralization and then 
loss of bone that produces changes very similar to those 
of osteomalacia-osteoporosis. In time, these changes 
may progress to von Recklinghausen’s disease of bone. 
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PATHOGENESIS. The pathologic physiology of both 
primary and secondary hyperparathyroidism has already 
been considered in Chapter 26. For brief review, in the 
primary disease, an excess of parathormone is produced 
usually by hyperplasia or neoplasia of the parathyroid 
gland. Secondary hyperparathyroidism is believed to be 
caused by end-organ resistance to parathormone leading 
to compensatory hyperactivity of the parathyroid glands. 
It is encountered in chronic renal insufficiency, vitamin 
D deficiency, intestinal malabsorption syndromes, and 
rarely in other settings described on page 1229. When 
caused by renal dysfunction, the bony changes have 
been called renal osteodystrophy. In both primary and 
secondary hyperparathyroidism, there is increased re- 
sorption of bone mainly related to inhibition of osteo- 
blastic activity accompanied by increased mobilization 
of phosphorus and calcium (p. 1319), but the changes 
are usually much more marked in the primary form. 


In the growing child, skeletal changes may appear that 
are similar to those of rickets (p. 409). In the adult, the 
osseous lesions can be characterized as a relative excess 
of osteoclastic over osteoblastic activity accompanied 
by fibrous replacement of the marrow that sometimes 
leaves micro- or macrocysts. The most characteristic 
change Is an apparent or real increase along the endosteal 
and trabecular surfaces in the number of osteoclasts lying 
within scalloped resorption cavities. In this manner the cortex 
and trabeculae are thinned, and sometimes the latter are 
completely transected. The bone loss is particularly evident 
as subperiosteal resorption of the phalanges and loss of the 
lamina dura (a dense, opaque, radiographic line normally 
surrounding the tooth socket). Along with the bone resorp- 
tion, fibrous tissue fills the marrow spaces. It is of a peculiar 
type, having widely scattered fibroblasts separated by a 
loose, delicate ground substance. The fibrous tissue may 
enclose microcysts or, in other areas, large, macroscopically 
visible cysts. Scattered within this background there may be 
so-called “‘brown tumors,” a particularly inappropriate des- 
ignation since the lesions are not neoplastic. They represent 
foci of hemorrhage, perhaps related to microfractures that 
undergo organization with the release of hemosiderin and 
the accumulation of macrophages, fibroblasts, and osteo- 
clastic giant cells. These lesions have more than a passing 
similarity to true giant cell tumors (described on p. 1345), 
but are better referred to in osteitis fibrosa cystica as 
reparative giant cell granulomas having none of the neo- 
plastic and malignant potential of true giant cell tumors. 

The microscopic alterations may induce gross bony 
deformities in the form of irregular, abnormal cystic enlarge- 
ments; fusiform dilatations of the shaft; and, with resorption 
and softening of the bone, bending and fractures of the more 
severely affected regiors (Fig. 28—13). It is worth reempha- 
sizing that the full-blown changes of osteitis fibrosa cystica 
are seen only late and in severe cases. The earlier altera- 
tions consisting of, in essence, loss of bone may be difficult 
to differentiate from those of osteomalacia and osteoporosis, 
both microscopically and radiologically. Soft tissue meta- 
static calcifications sometimes appear in these individuals. 


The skeletal changes of osteitis fibrosa cystica were 
once clinically detectable in 80 to 90% of cases of 
primary hyperparathyroidism. Now this endocrine dis- 
order is often first detected by the discovery of hyper- 
calcemia in multiphasic analyses of the blood during a 


Figure 28-13. Advanced osteitis fibrosa cystica of femur in primary 
hyperparathyroidism due to a functioning adenoma. Cystic rarefac- 
tion is evident throughout shaft. 


routine check-up or clinical investigation of an illness. 
Thus, hyperparathyroidism is now being diagnosed 
much earlier at a time when only 10 to 15% of patients 
have clinically evident skeletal changes. In all likelihood, 
early distinctive microscopic changes would be present 
in most instances. Only rarely is secondary hyperpara- 
thyroidism sufficiently severe or prolonged to induce 
well-defined osteitis fibrosa cystica. 

The clinical manifestations relating to the disease 
of bone are almost invariably overshadowed by the other 
manifestations of hyperparathyroidism. However, as in- 
dicated, there is sometimes a predisposition to fracture, 
to skeletal deformities under the stress of weight-bear- 
ing, and to joint pains and dysfunctions as the lines of 
normal weight-bearing are disturbed. Morphometry of 
metacarpal cortical thickness and photon-beam densi- 
tometry can confirm bone loss, but not reliably differ- 
entiate among the various causes of osteopenia. Some- 
times the macroscopic cysts and/or brown tumors 
produce distinctive localized rarefactions and bony de- 
formity that, in combination with the overall cortical 
thinning, permit a fairly secure radiographic diagnosis. 
Depending on their severity, the bony changes may 
regress or completely disappear following removal of 
the hyperplastic glands or functioning tumor in primary 
hyperparathyroidism. 


PAGET’S DISEASE OF BONE (OSTEITIS 
DEFORMANS) 


When Sir James Paget noted the increased warmth 
overlying skeletal deformities (now known to be related 
to increased vascularity, rather than inflammation), he 
understandably called the condition “osteitis defor- 
mans.” It is a disorder of middle or later life character- 
ized initially by excessive osteoclastic resorption and, 
later, marked bone formation yielding in affected areas 
a haphazard arrangement of osteons demarcated by 
osteoid seams—a so-called histologic “mosaic.” Although 
it is essentially a focal disorder and may involve only a 
single bone (monostotic), the involvement in some in- 
dividuals is more widespread (polyostotic). Most patients 
are over 40 years of age, with a slight male preponder- 
ance. It is an extremely common disorder; the asymp- 
tomatic form of the disease has been identified in 1 to 
3% of the populations of the United States and United 
Kingdom.® Its cause is best considered in the context 
of the morphologic changes. 


MORPHOLOGY. The microscopic changes can be di- 
vided into three progressive phases: (1) the initial so-called 
osteolytic phase, (2) the active stage of mixed osteolysis 
and osteogenesis, and (3) the inactive or osteoblastic scler- 
otic phase of the disease.® At the outset, there is irregular, 
haphazard, osteoclastic bone resorption. The osteoclasts 
tend to have bizarre shapes and often contain an increased 
number of nuclei. Even during this osteolytic phase, there is 
some evidence of an osteoblastic response with the depo- 
sition of irregular, woven bone. In an area of active involve- 
ment, virtually 100% of the bone surface is covered by 
osteoclasts and osteoblasts. The bone replacement is not 
complete, however, and some of the resorbed bone may be 
replaced by a highly vascularized connective tissue. Con- 
comitantly, there is replacement of the contiguous fatty or 
hematopoietic marrow by loose, highly vascularized, fibrous 
connective tissue. In this manner, there is progressive ero- 
sion of the cancellous spicules of bone as well as the cortex 
(beginning at the endosteum) and extensive replacement by 
fibrous tissue. 

With progression, the mixed stage of full pagetic activity 
becomes apparent. During this active phase, there is prom- 
inence of both osteoclasts and osteoblasts. Now the osteo- 
clastic resorption is matched by active bone formation. As 
the original bony structure with its ordered lamellar pattern 
is destroyed, it is progressively replaced by a vascular 
connective tissue in which is laid down, first, woven bone, 
and later, remodeled lamellar bone. Because the minerali- 
zation of the newly laid down matrix lags, osteoid seams 
persist at the margins of the new osteons to create the so- 
called pathognomonic feature of active Paget’s disease, 
a tilelike or mosaic pattern (Fig. 28-14). The mosaic is 
evident in both the cortical and cancellous regions, and may 
completely replace the preexisting bone. Because this new 
bone is laid down in bits and pieces, it is poorly organized 
and lacks the structural strength of the original bony tissue. 
Concomitantly, there may be subperiosteal new bone for- 
mation, also of this inadequate, poorly mineralized type. 
Therefore, although the thickness of the cortex and 
trabeculae and the overall size of the bone are increased, 
the bone is soft, almost rubbery, and porous, composed 
largely of poorly mineralized matrix and vascular con- 
nective tissue. 
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Figure 28-14. Paget’s disease of bone. Histologic detail of a single 
bone spicule to illustrate “mosaic” pattern produced by irregular 
bone formation. 


Eventually, after many years, osteoclastic activity may 
wane and there is predominantly osteoblastic production of 
new bone. However, this neo-osteogenesis is still irregular 
and accompanied by fibroblastic activity in the adjacent 
marrow space. In this way, the bone volume builds up, but 
it lacks structural strength. 

The bones affected by Paget’s disease, in decreasing 
order of frequency, are the pelvis, skull, femur, spine, tibia, 
humerus, and scapula and only occasionally other bones 
including the mandible.”” Because of their softness, the 
bones are characteristically deformed by weight-bearing. All 
manner of distortion of the pelvis occurs. Compression of 
the vertebral bodies gives rise to kyphosis, scoliosis, and 
lordosis; the tibias and femurs bend; and the femoral necks 
may yield under the pressure. Although the bones are 
increased in size, they are unusually light, soft, and 
porous and almost have the consistency of dry bread. 
The outer cortical tables are usually thinned or totally re- 
placed. Paget’s disease of the skull is particularly striking by 
virtue of the irregular thickening of the skull (Fig. 28-15), 
but the bone can be sliced by a knife, and the calvarium, 


~ when filled with water, leaks like the proverbial sieve. Similar 


enlargement, softening, and porosity characterize all the 
bony involvements wherever they occur. However, during 
the late, so-called burned-out stage of Paget’s disease, the 
enlarged bones become well mineralized, thoroughly ossi- 
fied, and densely sclerotic. As mentioned, this process does 
not necessarily affect the entire skeleton. Sometimes it is 
monostotic and, even within a single bone, may involve a 
sharply localized region well demarcated from the adjacent 
uninvolved bone. 


ETIOLoGy. The etiology of Paget’s disease is still 
unknown. Over the years the condition has at one time 
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or another been considered to be (1) an inborn error of 
connective tissue, (2) related to hyperparathyroidism, 
(3) the consequence of some vascular abnormality me- 
diated by the autonomic nervous system, and (4) an 
autuimimune derangement. All of these theories cannot 
be reconciled with the essentially focal nature of the 
bone involvement. Currently favored is the concept of 
viral infection, more specifically a slow virus infection 
such as causes subacute sclerosing panencephalitis (p. 
1385).7! Tubular structures similar to the nucleoprotein 
subunits of viruses have been visualized within inclu- 
sions in the nuclei of the giant osteoclasts.’ The virus- 
like tubules closely resemble those found in mumps and 
measles caused by paramyxoviruses, and antisera to 
measles react with the cellular inclusions in the immu- 
noperoxidase method.” However, it has not been pos- 
sible to isolate any virus from affected bone either by 
cell culture or by co-cultivation—-the method that was 
successful in recovering virus from subacute sclerosing 
panencephalitis. Moreover, there is no consistent evi- 
dence of an active antibody response to measles virus 
in patients with developing or developed bone disease, 
and there is, in fact, a greater prevalence of antibodies 
to other viruses in random patients with Paget’s dis- 
ease." It is clear that the viral causation of this skeletal 
involvement remains to be established. 

~ CLINICAL Course. Many individuals have monos- 
totic or localized Paget's disease, which is asymptomatic 
and discovered only incidentally on radiographs or by 
the chance finding of an elevated serum alkaline phos- 
phatase level. The alkaline phosphatase level is generally 
higher in this condition than in any other bone disorder. 
Despite the increased bone turnover, the serum con- 
centrations of calcium, phosphorus, and parathyroid 
hormone remain normal. When symptomatic, the man- 
ifestations are extremely variable, depending on the 
extent of the disease, the particular bones involved, and 
the development of superimposed complications. The 


Figure 28-15. Paget's disease of 
skull. Irregular thickening of right 
calvarium is well brought out by 
comparison with normal control on 
left. 


usual initial manifestations consist of either pain or 
deformity related to underlying skeletal changes. The 
pain is the result of microfractures, compression of 
nerves as they pass through bony foramens or secondary 
ostevarthritis.”” Pain in the face and headache may be 
related to enlargement of facial or skull bones, with 
compression of cranial nerve foramina. A similar mech- 
anism may be involved in hearing loss, with impinge- 
ment on the eighth cranial nerve, but sometimes it is 
also caused by direct pagetic changes in the ossicles of 
the inner ear. Pain in the back and lower extremities 
may be caused by pressure on nerve roots or by 
vertebral microfractures, and indeed vertebral fractures 
with compression of the spinal cord may cause paraple- 
gia. Vertebral column involvement may cause deformi- 
ties of the trunk, sometimes with grotesque, dwarflike 
distortions. The skeletal changes may take the form of 
bowing of the tibias and femurs. Radiologically, affected 
bones are enlarged, the skull thickened, and the weight- 
bearing bones bent, but all are characterized by in- 
creased radiolucency during the stages of osteolytic and 
active disease. Later, the deposition of sclerotic bone 
may cause a patchy, mottled radiographic pattern or, in 
far-advanced, burned-out cases, an overall increased 
bone density. 

Three additional features may be encountered in 
Paget's disease: (1) hemodynamic changes, (2) overt 
pathologic fractures, and (3) the development of a sar- 
coma in involved bones. Bony hypervascularity, as 
mentioned, accounts for the warmth of the skin over- 
lying affected areas of the skeleton. When the involve- 
ment is polyostotic and widespread, the expansion of 
the peripheral vascular bed acts as an arteriovenous 
shunt that sometimes leads to high output failure or 
exacerbation of any underlying cardiac disease.” 

The second complication is the appearance of path- 
ologic fractures during the stages of active disease. 
Fractures are often incomplete but nonetheless may 


reactivate the disease, causing considerable bone re- 
sorption in the area. Occasionally in the late stages of 
bony sclerosis, complete transverse fractures occur, as 
though a piece of chalk had been snapped. 

The third and most ominous complication is the 
development of a cancer in an involved bone. Sarcomas, 
generally osteogenic sarcomas, but sometimes fibrosar- 
comas or other forms of sarcoma, arise in pagetic bones 
in about 1% of patients.” Indeed, when a patient over 
40 develops an osteosarcoma, the likelihood of under- 
lying Paget’s disease is approximately 20 to 25%.” The 
most frequent locations of the osteosarcomas, in contrast 
to the usual distribution of de novo tumors (p. 1338), 
are the pelvis, femur, humerus, tibia, skull, and man- 
dible, in descending order of frequency. The tumors 
tend to be more aggressive than those in individuals 
without Paget’s disease, and survival for longer:than a 
year is exceptional. 

Although a discussion of therapy is beyond our 
scope, brief mention should be made of the significant 
benefits that have been reported with the use of calci- 
tonin and diphosphonates. The latter inhibit both bone 
resorption and formation, and sometimes appear to 
interrupt the progression of the disease. 


HYPERTROPHIC OSTEOARTHROPATHY 


This enigmatic disorder is characterized by (1) 
periosteal inflammation at the ends of bones (long bones 
of the forearm and lower leg, metacarpals, and metatar- 
sals) with lifting of the periosteum and subjacent new 
bone formation, accompanied by (2) arthritis of the 
adjacent joints. The clinical hallmark of osteoarthropathy 
is painful periarticular or joint swelling over the wrists, 
elbows, ankles, or knees. It is frequently but not invar- 
iably associated with clubbing of the fingers. This con- 
dition consists of edema with fibrous overgrowth of the 
tips of the fingers and increased vascularization in the 
nailbed, with rounding or “watchglass” deformity of 
nails. The normal inclination of the nail relative to the 
axis of the bone may be lost. The tips of the digits 
become enlarged and often are dusky or cyanotic. 
Occasionally, there is some periosteal reaction of the 
terminal phalanges known as tufting. Just as hyper- 
trophic osteoarthropathy may be present without club- 
bing of the fingers, so clubbing sometimes appears 
without hypertrophic osteoarthropathy. 

Both these curious conditions may appear in a wide 
variety of clinical settings. The most frequent clinical 
accompaniments are primary intrathoracic cancers, no- 
tably bronchogenic carcinoma, pleural mesothelioma, 
and malignant thymoma; intrathoracic sepsis; infective 
endocarditis; and cyanotic, congenital heart disease.” 
Less frequent clinical associations include ulcerative 
colitis, regional enteritis, cirrhosis of the liver, cystic 
fibrosis of the pancreas, metastatic cancer to the lungs, 
and carcinoma of the thyroid gland. In this roster of 
underlying disorders, bronchogenic carcinoma stands 
out as preeminent. Osteoarthropathy and clubbing are 
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said to appear in 10% of these cases, accounting for the 
sometimes-used designation hypertrophic pulmonary 
osteoarthropathy. Rarely, hypertrophic osteoarthropa- 
thy and/or clubbing may appear in patients without an 
underlying disorder and is also seen within families as 
an apparently hereditary disorder. 

The origins of both hypertrophic osteoarthropathy 
and clubbing of the fingers are completely obscure, but 
two theories dominate current thinking, postulating (1) 
neurovascular abnormalities and (2) hormonal imbal- 
ances. It is well documented that both processes can be 
relieved in patients with bronchogenic carcinoma by 
dividing the vagus nerves above the hilum without 
removing the tumor.® It is proposed that neurogenic 
impulses acting through the autonomic nerve centers in 
some way lead to vasodilatation in the affected areas 
and that the increased blood flow then induces the 
anatomic changes previously mentioned. However, high 
blood flow has not been confirmed by direct plethys- 
mographic measurements. The hormonal theory involv- 
ing possibly estrogens or human growth hormone is 
equally poorly established. However, there is a report 
of increased levels of prostaglandins in cystic fibrosis 
patients who have digital clubbing.*’ No studies have 
yet been reported on the prostaglandin levels in the 
many other conditions associated with osteoarthropathy 
and finger clubbing, so at present the etiology and 
pathogenesis of these skeletal changes must be consid- 
ered unknown. 

Both the arthropathy and the digital clubbing are 
reversible following removal of the primary neoplasm, 
correction of the congenital heart disease, clearance of 
the intrathoracic sepsis, or control of the other related 
conditions. The major significance of these mysterious 
changes derives from the fact that they sometimes 
precede and call attention to the more ominous under- 
lying disorder. 


Bones 


FIBROUS DYSPLASIA 


This benign disorder of bone is best characterized 
as slow, progressive replacement of a localized area of 
bone by an abnormal proliferation of isomorphic fibrous 
tissue intermixed with poorly formed, haphazardly ar- 
ranged trabeculae of woven bone. The changes seem to 
represent a focus of disordered maturation of bone with 
arrest at an immature stage of woven bone. The lesions 
appear in three distinctive but sometimes overlapping 
clinical patterns: (1) involvement of a single bone (mon- 
ostotic); (2) involvement of several or many, but never 


‘all, bones (polyostotic); and (3) a special category of 


polyostotic fibrous dysplasia associated with skin pig- 
mentations and endocrine dysfunctions, especially pre- 
cocious sexual development.” 

Monostotic fibrous dysplasia accounts for about 70 
to 75% of all cases. It usually becomes manifest in both 
sexes in childhood and often comes to an arrest at 
puberty. The following sites are involved in descending 
order of frequency—ribs, femur, tibia, maxilla, mandi- 
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ble, calvarium, humerus, and other bones. The condi- 
tion is often asymptomatic, being discovered inciden- 
tally in a radiograph taken for other reasons. However, 
the lesions may cause tumorous distortion of the bony 
contours, disfigurement of the face or skull, or some- 
times pain related to the expanding bone mass or to 
pressure on nerves. The monostotic pattern does not 
appear to be a precursor to the polyostotic form; tran- 
sition from one to the other has not been recorded. 

Polyostotic fibrous dysplasia without endocrine dis- 
orders accounts for about 30% of all cases. It tends to 
appear at a slightly earlier age than the monostotic 
pattern and may progress into middle adult life. Both 
sexes are affected equally. The bony sites affected, in 
descending order of frequency, are the femur, skull, 
tibia, humerus, ribs, fibula, radius and ulna, mandible, 
vertebrae, and others. The lesions may be limited to a 
single limb or one side of the skeleton, but there is 
sometimes a bilateral distribution. In the polyostotic 
disease the craniofacial bones are affected in about 50% 
of persons with moderate dissemination of lesions, but 
reaches 100% in those with extensive disease. Also 
distinctive is a tendency to involve the shoulder and 
pelvic girdles; the development of severe, sometimes 
crippling deformities (e.g., shepherd-crook deformity of 
the proximal femur); and a marked predisposition to the 
development of spontaneous and often recurrent frac- 
tures.°? 

Polyostotic fibrous dysplasia in association with 
endocrinopathies accounts for about 3% of all cases. 
When accompanied by skin pigmentations and preco- 
cious sexual development, the multisystem disorder is 
referred to as Albright’s syndrome. However, many 
other endocrine disorders may accompany these skeletal 
lesions, including hyperthyroidism, Cushing's syn- 
drome, hyperparathyroidism, so-called “hypothalamic 
diabetes mellitus,” and pituitary-induced abnormal skel- 
etal growth.* In the most common clinical presentation 
with precocious sexual development, females are af- 
fected much more often than males. There is a tendency 
for the bone lesions to be unilateral and for the skin 
pigmentations to be confined to the same side of the 
body. The areas of pigmentation may be large, dark- to 
light-brown macules having irregular serpiginous bor- 
ders found primarily on the neck, chest, back, shoulder, 
and pelvic region. There is no clear understanding of 
the association of the skeletal, skin, and endocrine 
derangements, but increased secretion of pituitary 
trophic hormones, possibly related to hypothalamic in- 
fluences, is suspected. * However, no satisfactory ex- 
planation has yet been offered as to how the neurohu- 
moral derangement induces the bony lesions. 


MORPHOLOGY. Grossly in all clinical patterns, the bone 
lesions take the form of localized defects in cortical and 
cancellous bone, ranging from a few centimeters to massive 
lesions that distort the normal bony contour. The foci of 
involvement would appear to arise within the marrow cavities 
or endosteal region, because frequently a thin shell of 
subperiosteal cortical bone persists. Rarely, they totally 
erode the cortex. The gray-red fibrous tissue that fills these 


lesions may be gritty or sandy to touch. Occasionally, cystic 
spaces, small hemorrhages, or foci of chondroid or myxo- 
matous tissue are present. Histologically, the lesions are 
composed of a mature connective tissue that may sometimes 
be sufficiently cellular to resemble a fibroma in which is laid 
down trabecular, woven bone. The osseous component is 
of variable prominence and sometimes is virtually absent. 
The haphazardly arranged bony trabeculae are thin and 
appear to be formed through osseous metaplasia of the 
background fibrous tissue (Fig. 28-16). The bone is not 
lamellar in type but is poorly organized, woven bone. 
Occasionally, there are calcified spherules or islands of 
cartilage within the connective tissue, sometimes with ossi- 
fication of the cartilaginous inclusions. Osteoclastic giant 
cells are generally sparse and the vascularization varies 
from scant to abundant. Sequential biopsies have failed to 
show any evolution of the histologic changes with time. The 
woven bone trabeculae are not converted into lamellar bone, 
nor do the lesions become more sclerotic. 


CLINICAL Course. Fibrous dysplasia pursues an 
unpredictable course. As mentioned, patients with mon- 
ostotic lesions remain asymptomatic throughout life. In 
some instances, however, sufficient destruction of cor- 
tical bone leads to fracture. In other instances, partic- 
ularly in persons with disseminated disease, there is a 
tendency to skeletal deformity and fracture, and when 
the facial bones are involved there may be severe 
distortions of the orbit, nose, and jaw. Generally, the 
earlier the age of onset, the more progressive is the 
condition. In about 0.5% of cases, the lesions of fibrous 
dysplasia undergo sarcomatous change. In some of 
these instances there has been previous radiation ther- 
apy, but malignant transformation has been noted in 
the absence of such intervention.” 


FIBROUS CORTICAL DEFECT 
(NONOSSIFYING FIBROMA) 


Fibrous cortical defects are extremely common non- 
neoplastic developmental aberrations seen chiefly in 
children, almost always in the femur, tibia, and fibula. 
They create irregular, sharply demarcated, lobular, ra- 
diolucent defects in the metaphyseal cortex that usually 
leave intact a thin, subperiosteal layer of cortical bone. 
The margins of these lesions are sometimes slightly 
sclerotic. Multiple and bilateral lesions are found in 
about half the cases. Often they consist of minute lesions 
only a few millimeters in diameter, but occasionally 
larger defects up to 4 to 5 cm are seen. Because the 
larger lesions may seemingly erode into the marrow 
cavity, these are sometimes referred to as nonossifying 
fibromas, an unfortunate designation since both the 
smaller and larger lesions are of developmental origin, 
rather than being neoplastic. 

The major clinical significance of these osseous 
lesions derives from the following facts: (1) being non- 
neoplastic, they do not become transformed into sarco- 
mas; (2) they are generally asymptomatic, but larger 
lesions may cause pain and predispose to fracture; (3) 
they are extremely common and have been reported in 


Figure 28-16. Fibrous dysplasia of 
bone, illustrating characteristic over- 
growth of fibrous tissue and haphaz- 
ardly scattered trabeculae of woven 
bone. 


almost one-third of apparently normal children, both 
boys and girls; and (4) they usually disappear sponta- 
neously within a few years. 


The defects are composed of soft, yellow-gray tissue, 
usually lying subjacent to a thin shell of overlying intact 
cortical bone. They are found only in the metaphysis of the 
bone and have lobulated or scalloped margins. The larger 
lesions are elongated in the long axis of the bone. Micro- 
scopically, they are composed of cellular connective tissue 
laid down in a whorled, sometimes palisaded arrangement. 
The cells are usually mature and not anaplastic. Often there 
are interspersed lipid-laden foam cells and occasional mul- 
tinucleate osteoclast-like giant cells. Unless fracture has 
occurred through one of these defects, there is no evidence 
of new bone formation within the lesion.® 


As pointed out, awareness of these innocuous le- 
sions is of importance since they are potentially mis- 
taken, both clinically and anatomically, for more omi- 
nous bone tumors. In particular, multinucleate giant 
cells within the fibrous background make possible their 
misinterpretation as giant cell tumors of bone (p. 1345). 


TUMORS 


Although tumors of bones are infrequently encoun- 
tered in clinical practice, they are nonetheless of great 
clinical significance because of the possibility that any 
such lesion may be malignant and because certain of 
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these malignancies are among the most lethal, widely 
metastasizing cancers of humans. The large array of 
these tumors, their diverse origins from the multiple 
cell types found in bones, and their extremely variable 
biologic significance all make of these osseous neoplasms 
a highly challenging area of clinical and morphologic 
diagnosis. Before some useful generalizations are made, 
a few words about the classification of these neoplasms 
are required. 

Primary bone tumors may arise from any of the 
elements indigenous to bone, including the diverse 
marrow cells as well as the vascular and neural compo- 
nents. A listing of the more common forms, drawn from 
the W.H.O. classification, is provided in Table 28-3. 
Before the number of specific tumors produces a re- 
lapse, it should be pointed out that many of these 
neoplasms, e.g., those derived from marrow, vascular, 
and neural cells, have been described elsewhere. Re- 
maining for consideration here are the more common 
and important neoplasms of osseous tissue, cartilage, 

and uncertain origin. 

Certain useful generalizations can be offered about 
the frequency and clinical presentation of bone tumors. 
Excluding malignant neoplasms of marrow origin (mye- 
loma and leukemia), osteosarcoma is the most common 
cancer of bone, followed by Ewing’s sarcoma, chondro- 
sarcoma, and malignant giant cell tumors. These four 
neoplasms together constitute the vast bulk of bone 
cancers. Among the benign tumors the exostoses (osteo- 
chondromas) predominate, followed by benign giant cell 
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Table 28-3. TUMORS OF BONE*+ 


| Bone-forming Tumors IV Marrow Tumors 


Benign Malignant 
Osteoma Ewing’s sarcoma 
Osteoid osteoma and os- Plasma cell (multiple) 

teoblastoma myeloma 

Indeterminate Eympnorte 
Aggressive osteoblas- V Vascular Tumors 

toma Benign 
Hemangioma 

Malignant Sioacione 

Osteosarcoma, conven- 
tional Malignant 


Osteosarcoma, variants Angiosarcoma 


ll Cartilage-torming Tumors V! Other Tumors 


Benign Benign 
Osteochondroma (exos- Neunlemmoma 
tosis) Neurofibroma 
Enchondroma (chon- Malignant 
droma) Malignant fibrous histio- 
Chondromyxoid fibroma cytoma 
Chondroblastoma (epi- Liposarcoma 


physeal chondroblas- 


toma) Adamarttinoma 
Malignant Vil Tumot-ilke Lesions 
Chondrosarcoma 


Boné tyst 
Fibrous dysplasia 


lll Giant Cell Tumors Reparative giant cell 


Benign granuloma (e.g., epulis) 

Indeterminate Fibrous cortical defect 

Malignant Eosinophilic granuloma 
*Partial listing. 


tDrawn from the W.H.O. classification as modified by Spjut, H. J., 
and Ayala, A. G.: Skeletal tumors in children and adolescents. Hum. 
Pathol. 14:628, 1983. 


tumors. Age of the patient, skeletal location, and radio- 
graphic appearance are important considerations in the 
differential diagnosis of these neoplasms.*® Osteosarco- 
mas tend to occur during childhood and adolescence, a 
period of active skeletal growth. Indeed, a trough cor- 
relation has been drawn between the frequency of such 
tumors and skeletal height.% Chondrosarcoma and giant 
cell tumors, in contrast, most often arise in the middle 
years of life. However, it should be cautioned that these 
age ranges merely express peaks in incidence, and 
osteosarcoma, for example, may arise in infancy or in 
the elderly, and chondrosarcoma may arise in the young. 
Another striking feature is the tendency for each type 
of tumor to arise in particular skeletal locations. Over 
half of all osteosarcomas occur about the knee, most 
often in the distal femoral metaphysis, or less frequently 
in the proximal tibial metaphysis, the sites of greatest 
skeletal growth activity. Chondroblastomas and giant 
cell tumors are almost always located in the epiphyseal 
ends of long bones. In contrast, Ewing's sarcoma may 
arise anywhere within a bone, but is frequently diaphy- 
seal in location. The radiographic changes induced by 
the lesion are also of great differential value. Certain 
neoplasms often are osteoblastic (e.g., the osteosar- 
coma), yielding radiodensities within the central region 
of the tumor and often in the extraskeletal extension of 


Undifferentiated sarcoma 


the invasive cancer. On the other hand, radiodensities 
within a lesion would be strong presumptive evidence 
against the diagnosis of Ewing's sarcoma. Thus, in the 
evaluation of a bone neoplasm, the age of the patient, 
the location of the lesion, its radiographic appearance, 
and the frequency of the various neoplasms are all 
important considerations. 


BONE-FORMING (OSTEOBLASTIC) TUMORS 


Tumors in this category were at one time referred 
to as osteogenic neoplasms, and the malignant variant 
was referred to as osteogenic sarcoma. The term “osteo- 
genic” is subject to several interpretations. It could 
apply to all tumors arising in bone as well as to those 
producing bone. It is preferable, therefore, to use the 
designation “bone-forming” or “osteoblastic” tumors, 
since the common denominator among all is the synthesis 
of osteoid matrix that may become mineralized. 


Osteoma 


Benign tumors composed of densely sclerotic, well- 
formed bone, found jutting out from the cortical surface 
involving most often the skull and facial bones, are 
osteomas. They often protrude into one of the air sinuses 
(frontal, ethmoid, and others) and sometimes from the 
mandible, maxilla, and inner and outer skull tables. 
These tieoplasms may arise at any age, slightly more 
frediiently in men than in women. They can be briefly 
charactetized morphologically as sclerotic lesions com- 
posed vf mature, irregularly laid down, broad bony 
trabectilae (Fig. 28-17). The intertrabecular spaces are 
filled with fibrous tissue that is sometimes highly vas- 
cularized and may even contain foci of hematopoiesis. 
Osteomas are generally of little clinical significance and 
need not even be excised, unless they cause obstruction 
to a sinus cavity, impinge on the brain, or are disturbing 
cosmetically. They do not transform into other lesions 
but occasionally are associated with Gardner’s syn- 
drome. 


Osteoid Osteoma and Osteoblastoma 


The osteoid osteoma is a small benign neoplasm 
having no malignant potential. In contrast, the osteo- 
blastoma is best viewed as a larger osteoid osteoma 
having different clinical significance. Most of the follow- 
ing remarks are directed to the more common osteoid 
osteoma. It produces a distinctive radiographic pattern 
and evokes a surprising amount of pain for its small 
size. Almost 90% of these lesions are encountered in 
persons between 5 and 25 years of age, slightly more 
often in males, and most frequently in the diaphyses of 
the long bones of the lower extremities, particularly the 
tibia and femur. Radiographically, they appear as a 
small radiolucent focus (the nidus), rarely over 1 cm in 
diameter, surrounded by densely sclerotic bone that 
may become so radiopaque as to hide the buried nidus. 


well-formed, mature bony spicules. 


With lesions located close to the periosteum there may 
be marked, sclerotic, subperiosteal bone formation suf- 
ficient to produce a smooth fusiform thickening of the 
cortex overlying the nidus.*” The pain, characteristically 
more severe at night, may be localized to the site of the 
lesion, but may radiate widely. When it is located in 
bones close to the skin, there is often tenderness on 
palpation. 

Most experts believe that this lesion is a neoplasm, 
but the invariable small size of the lesion, its pain and 
tenderness, and the striking surrounding reactive bone 
formation raise the possibility of an inflammatory origin. 
However, ultrastructural studies indicate that the major 
cell elements within the nidus are osteoblasts, a finding 
that would be inconsistent with the notion of an inflam- 
matory reaction.” 


As pointed out, osteoid osteomas are most commonly 
located in the diaphyses of the tibia and femur, but nearly 
every other bone in the body has been involved at one time 
or another, with the possible exceptions of the skull, sternum, 
and clavicles. Most lesions are intracortical, but some may 
arise close to the endosteum or within cancellous bone. The 
nidus itself is composed of firm, red-gray tissue that is 
sometimes gritty because of the contained mineralized os- 
teoid trabeculae. The surrounding bone is densely sclerotic. 
Microscopically, the nidus is composed of a tangled array of 
branching and anastomosing partially mineralized osteoid 
trabeculae that are sometimes broad and leave scant, inter- 
vening vascularized connective tissue (Fig. 28—18). At other 
times, the trabeculae are delicate and separated by abun- 
dant, richly vascularized intertrabecular tissue. Osteoblasts 
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Figure 28-18. Osteoid osteoma. Low-power view of an entire lesion 
enclosed within sclerotic wide bone spicules. Lesion is composed 
of fibrous tissue and numerous anastomosing spicules of osteoid. 


are often present along the margins of the osteoid trabeculae 
and blend imperceptibly into the more fibroblastic-looking 
cells within the soft tissue stroma. In many cases the 
trabeculae are sharply demarcated from the adjacent stroma, 
but in some instances the margins are irregular and frayed 
and merge imperceptibly into the osteoblast-fibroblast 
stroma. Occasional multinucleate apparent osteoclasts are 
present, but these are rarely prominent or numerous. 


These benign lesions are readily managed by en 
bloc excision. Removal by curettage may be followed 
by recurrence, but even with recurrence (which may 
be years later) malignant transformation does not occur. 

The closely related osteoblastoma, sometimes 
called a giant osteoid osteoma, has a similar histology 
but tends to be larger, is frequently located in the 
vertebrae, does not cause pain, and, although usually 
benign, may be malignant and an aggressive recurrent 
lesion. 


Osteosarcoma (Osteogenic Sarcoma) 


The osteosarcoma is best defined as a malignant 
tumor of mesenchymal cells, characterized by the direct 
formation of osteoid or bone by the tumor cells. There 
is great variability in the histologic appearance of osteo- 
sarcomas. Some are composed largely of fibroblastic 
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cells, others have abundant bone formation, some show 
chondroid differentiation, and still others are highly 
vascular (telangiectatic), but all have tumor-produced 
osteoid marked by trapping of anaplastic tumor cells 
within the lacunae of the osteoid matrix.** Osteosarco- 
mas are the second most common form of primary 
cancer in bones, preceded only by multiple myeloma. 
They are clearly the most common form in children and 
young adults. 

These neoplasms have been variously subclassified 
on the basis of (1) the clinical setting in which they 
appear, (2) their presumed point of origin in relation to 
a bone, and (3) their dominant histomorphology (dis- 
cussed later). On the basis of clinical setting, these 
neoplasms can be divided into two large categories, 
primary and secondary. Primary osteosarcomas arise de 
novo in the apparent absence of underlying bone disease 
or recognized carcinogenic influences. Most of these 
cancers appear in young persons under 20 years of age 
before the epiphyses have closed. Secondary osteosar- 
comas develop against a background of preexisting bone 
pathology or previous exposure to some potentially 
carcinogenic influence. Most important is underlying 
disease, e.g., Paget’s disease of bone, multiple enchon- 
dromas, multiple osteochondromas, chronic osteomye- 
litis, fibrous dysplasia, and infarcts and fractures of 
bone.® Bone irradiation also is a well-recognized pre- 
disposing influence and was present in 4% of these 
neoplasms in one large series.% Both external radiation 
for benign bone disorders and internal radiation derived 
from bone-seeking radioisotopes such as Ra have been 
implicated.®’ Secondary osteosarcomas rarely arise in 
childhood or young adult life, but usually the patients 
are considerably older, particularly when the neoplasms 
are superimposed on Paget’s disease. As pointed out, 
although the risk of developing a neoplasm with this 
skeletal disorder is only 1%, the frequency of Paget's 
disease in older individuals accounts for the fact that 
about 10 to 15% of all osteosarcomas arise in persons 
over the age of 30. 

On the basis of primary site of origin, osteosarcomas 
have been divided into the following subsets: (1) con- 
ventional (medullary), (2) parosteal (juxtacortical), (3) 
periosteal, (4) intracortical, and (5) extraskeletal (arising 
in soft tissues). We need not delve deeply into all the 
subsets; the following remarks relate mainly to “conven- 
tional” neoplasms that usually appear as primary lesions. 

Most osteosarcomas (70%) fall into the primary, 
conventional category. As mentioned, they occur in 
young individuals, with a 2:1 male:female ratio. Whites 
and blacks are affected equally. The age and sex distri- 
bution has been related to the level of activity of bone 
growth. Before puberty both sexes are affected equally 
often, but with the more active bone growth in post- 
pubertal boys a male predisposition becomes apparent. 
It is of interest that large breeds of dogs such as the St. 
Bernard and Great Dane have 13 times the frequency 
of bone sarcoma of smaller breeds. There are also hints 
of genetic influences. Osteosarcoma is the most common 
second primary neoplasm in individuals with genetically 
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determined retinoblastoma.“ Such hereditary condi- 
tions as multiple enchondromatosis and multiple osteo- 
chondromas are also documented predispositions to this 
form of bone cancer.” Additional evidence of genetic 
influences is seen in the rare families in which multiple 
members are affected, often siblings. However, most 
conventional osteosarcomas occur sporadically without 
apparent predisposing influences. 

PATHOGENESIS. In addition to the radiation and 
genetic predisposing influences, there are clues pointing 
to contributory roles for reactive bone formation and 
viruses. The correlation between active normal bone 
growth and these neoplasms has already been pointed 
out. Similarly, Paget's disease is associated with marked 
new bone formation, as are a number of the various 
skeletal disorders known to favor the development of 
osteosarcomas. The evidence implicating viruses is at 
best tenuous. Bone tumor viruses have been character- 
ized in mice, and a cell-free agent derived from human 
osteosarcomas, when injected into hamsters, has been 
reported to produce an increased incidence of a variety 
of mesenchymal sarcomas, the most common being 
osteosarcoma.'’”® Also relevant is the fragmentary evi- 
dence of immunologic reactions to apparent tumor an- 
tigens, not only among patients harboring these neo- 
plasms but also within family members.'® Both humoral 
antibodies and cell-mediated immune reactions have 
been reported, but their lack of specificity for “private” 
tumor antigens, the failure to exclude natural-killer cell 
reactions, and the fact that healthy persons without 
exposure to patients with sarcomas have also been found 
to have low levels of immune reactivity to tumor cells 
all render the interpretation of these immunologic find- 
ings uncertain. At present, it seems wisest to conclude 
that, with the possible exception of radiation, the origins 
of these neoplasms are no less mysterious than they are 
for most cancers. 


MORPHOLOGY. Most conventional osteosarcomas 
arise in the medullary cavity of the metaphyseal end of 
the long bones of the extremities: in decreasing order of 
frequency, in the lower end of the femur, upper end of the 
tibia, upper end of the humerus, and upper end of the femur. 
Almost 70% of all these tumors arise close to the knee. 
However, any bone of the body may be involved, and in 
persons over the age of 25 the incidence in flat bones and 
long bones is almost equal. By the time of diagnosis, most 
osteosarcomas are bulky masses that often cause obvious 
swelling of the extremity. The neoplasms appear as gray- 
white, aggressive masses that often contain areas of hem- 
orrhage and cystic softening. They vary in consistency 
depending on the amount of osteoid production. About 50% 
of osteosarcomas contain sufficiently large amounts of os- 
teoid to merit the designation osteoblastic or sclerosing 
osteosarcomas (Fig. 28-19). The tumor tissue here may 
be hard and have a gritty feeling. About one-fourth of these 
neoplasms show predominant chondroid differentiation, 
and in these the neoplastic tissue may appear opalescent 
and bluish-gray. The remaining one-quarter are largely fibro- 
blastic and have a more typical fish-flesh sarcomatous 
appearance. Almost invariably the tumor penetrates the 
cortex and invades the soft tissues; in this process, it lifts 
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Figure 28-19. Osteogenic sarcoma, sclerosing type, of upper end 
of tibia. Hard white tumor fills marrow cavity but has not penetrated 
epiphyseal plate. It has infiltrated through cortex and lifted perios- 
teum on both lateral aspects. 


the periosteum and a characteristic so-called Codman’s 
triangle is produced—the angle between the plane of the 
outer surface of the cortex and the elevated periosteum. 
This anatomic feature can often be visualized in radiographs, 
and although it is characteristic of osteogenic sarcoma, it is 
not pathognomonic. Despite its aggressiveness, osteosar- 
coma rarely penetrates the epiphyseal plate to involve the 
joint space; this may, however, occur after epiphyseal clo- 
sure. 

Histologically, these tumors vary in the richness of the 
osteoid or cartilaginous or vascular components, but com- 
mon to all is a basically anaplastic mesenchymal pa- 
renchyma that in places is punctuated by the formation 
of osteoid matrix by tumor cells. Thus, frankly anaplastic 
cells are found lying within the lacelike patterns of osteoid 
matrix (Fig. 28-20). Islands of cartilage formed by tumor 
cells may or may not be present or may indeed dominate 
the microscopic fields. The mesenchymal cells between the 
osteoid and/or cartilaginous matrix are often wildly anaplas- 
tic, with numerous tumor giant cells, atypical mitoses, and 
striking hyperchromasia (Fig. 28-21). Some of the better- 
differentiated spindled cells appear on electron microscopy 
to be myofibroblasts.’ Osteoclastic giant cells may or may 
not be present and are sometimes numerous (Fig. 28-21). 
Similarly, the vascularization may be subtle or take the form 
of large, cavernous telangiectatic channels, distributed 
throughout the tumor—telangiectatic osteosarcomas. 

Parosteal sarcomas arise in juxtacortical locations also 
in the metaphysis. They tend to be well-differentiated lesions 
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Figure 28—20. Osteoid produced by an osteogenic sarcoma. Note 
anaplasia and mitotic figures within trapped tumor cells. 


with well-formed, irregular bony trabeculae.'* Periosteal 
osteosarcoma, although arising in the metaphyseal area, 
usually has a minimal attachment to the cortex or penetrates 
it only partially. These lesions often contain large areas of 
chondroid tissue, and some experts consider them to be 
chondrosarcomas.'** The intracortical osteosarcoma is a 
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Figure 28-21. Low-power view of anaplastic mesenchymal cells in 
an osteogenic sarcoma. An osteoclast-like giant cell is present in 
lower midfield. 


1340 


rare variant that appears to arise within cortical bone and’ 
then penetrate the medullary cavity and the adjacent soft 
tissue. The major significance of this pattern lies in its 
differentiation radiographically from a focus of osteomyelitis. 
Extraskeletal osteosarcomas are equally rare. The most 
common sites of origin are the retroperitoneum, medias- 
tinum, and breast, but sometimes they arise in internal 
organs such as the uterus or lungs. 

Whatever the morphologic variant and site of origin, all 
osteosarcomas are aggressive lesions that metastasize 
widely through the bloodstream, usually first to the lungs, 
but also to other parenchymal organs and other osseous 
sites. In contrast, lymph node involvement, even in the local 
region, is unusual. Approximately 20 to 30% of patients have 
demonstrable metastases when first seen, and more than 
90% of those who die of the neoplasm have metastases to 
the lung. 

Numerous efforts have been made to identify micro- 
scopic features of prognostic significance. Thus, these neo- 
plasms have been graded | to III based on the degree of 
anaplasia, but it is generally agreed that there is little 
correlation between these grades and survival.'* More im- 
portant is the predominant line of differentiation, e.g., 
osteoblastic, telangiectatic, or chondroblastic (see be- 
low). 
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CLINICAL Course. As with most malignant tumors 
of bone, the presenting clinical complaints are those of 
pain, tenderness, and swelling of the affected parts. 
Occasionally, however, these tumors remain entirely 
silent and are called to clinical attention by the sudden 
fracture of the involved bone. Rapid growth is charac- 
teristic of many and may actually cause progressive 
expansion and enlargement of the limb as the neoplasm 
enlarges. Usually, these tumors follow a rapid clinical 
course and may be observed to increase in bulk under 
observation. The serum alkaline phosphatase may be 
elevated, but is usually of no diagnostic significance. 
Radiographs are distinctive in many instances. The 
lifting of the periosteum at Codman’s triangle can some- 
times be visualized, but may be absent. Another char- 
acteristic feature on the x-ray film is produced by the 
tumorous penetration of the cortical bone with extension 
into the soft tissue. This subperiosteal and soft tissue 
tumor with its bony osteoid content produces extraos- 
seous radiodensities (Fig. 28-22). The radiodensity or 
radiolucency of the tumor varies according to the extent 
of bone formation, as described previously. However, 
the early lesion may be difficult to recognize by x-ray 
examination. In almost all cases, biopsy of the soft tissue 
extension of these neoplasms is necessary to confirm the 
diagnosis before such radical surgical procedures as 
amputation are performed. In the past, with only sur- 
gical resection or amputation for conventional osteosar- 
comas, the three-year survival rate was 50% and the 
five-year rate less than 25%.% 1° Recurrence usually 
became apparent within one to two years. There is some 
correlation between the size of the tumor and the 
prognosis, and it has been rare for a patient to survive 
even three years with a lesion exceeding 15 cm in 
greatest dimension. This generally dismal picture has 
brightened considerably at the present time: the com- 


Figure 28-22. Osteogenic sarcoma of humerus. Note bone forma- 
tion visible external to cortex (arrow). 


bination of surgery and chemotherapy has yielded an 
overall survival rate at three years of approximately 65 
to 75% in patients with nonmetastatic disease. !°° Recur- 
rences are also delayed with this therapeutic regimen, 
so that five-year survival does not necessarily indicate a 
cure. Generally, osteoblastic lesions tend to respond 
better to chemotherapy than do telangiectatic or chon- 
droblastic tumors. 


Secondary Osteosarcoma 


As noted at the outset, conventional osteosarcoma 
generally arises de novo in the young and in the 
appendicular skeleton. Secondary osteosarcomas may 
appear at any age, and frequently in the advanced years 
of life in those with Paget’s disease. In this setting the 
bones most often involved are the pelvis, femur, hu- 
merus, tibia, skull, facial bones, and scapula, in de- 
scending order of frequency. Although the tumor is 
morphologically similar to the conventional lesions, it is 
usually more aggressive, and few cases survive more 
than two years despite therapy. 

Another variant is osteosarcoma of the jawbones, 
arising generally in middle to later life. These neoplasms 
tend to have marked chondroid differentiation, and 
distant metastases are less frequent. Radical resection 
yields a significantly higher cure rate than is achieved 
with conventional neoplasms. Other secondary patterns 
are too rare to merit discussion here, but are well 
described in the Armed Forces Institute of Pathology 
Fascicle on Tumors of Bone and Cartilage. !” 


CHONDROMATOUS TUMORS 


Osteochondroma (Exostosis Cartilaginea) 


These benign neoplasms may occur as solitary, 
sporadic lesions but are otherwise indistinguishable from 
their counterparts in the familial disorder osteochondro- 
matosis (p. 1321). 


Enchondroma 


The term chondroma is often used to designate a 
benign tumor occurring within the interior of a bone 
composed of mature hyaline cartilage. However, the 
tumor is best designated as an enchondroma. Cartila- 
ginous tumors that occur on the surface of bones and 
jut out from the bony contour almost invariably fall into 
the pattern of the exostosis cartilaginea, and therefore 
are not included within the present category. Solitary 
enchondromas occur in individuals up to the age of 50 
but rarely in those under 10 years old. 

Enchondromas may occur in multiple sites, often 
in childhood in a nonhereditary condition designated 
enchondromatosis or Ollier’s disease. When these skel- 
etal lesions are familial and accompanied by heman- 
giomas of the skin, they have been called Maffucci’s 
syndrome (p. 1323). The enchondromas of these sys- 
temic patterns tend to be more cellular and more 
atypical than the isolated lesions, and have a higher 
incidence of malignant transformation. !% 


Most solitary lesions occur in the small bones of the 
hands and feet. However, tumors also have been found in 
the long tubular bones and rarely in the flat bones of the 
skull and pelvis. These lesions consist of firm, slightly 
lobulated, rounded, glassy, gray-blue, translucent tissue 
embedded within the spongiosa of the bone. They abut on 
and erode the overlying cortical bone. In the small bones of 
the hand, these lesions may progressively encroach upon 
the cortex and cause expansion and deformity of the bone. 
Usually, however, reactive bone formation maintains a thin 
outer bony shell. External deformity rarely occurs in the long 
tubular bones of the extremities. These gross characteristics 
are rarely evident in surgical specimens since the standard 
form of treatment is curettage of the lesion. 

Histologically, the tumor is composed of small masses 
or islands of hyaline cartilage, separated by a scant, 
sometimes richly vascularized fibrous stroma. The car- 
tilage cells are irregularly dispersed through the matrix and 
are contained within clearly defined lacunar spaces. Not 
infrequently, one to three nuclei may be found within a single 
lacuna. Toward the margins of the islands where they abut 
on the fibrous tissue, the cells become flattened and grad- 
ually assume the appearance of spindled fibroblasts, so that 
there is no well-defined transition between the cartilage cells 
and connective soft tissue cells. Foci of calcification and 
even ossification are sometimes encountered in the 
cartilage, but the cells trapped within the bony matrix 
are not anaplastic, differentiating such osteoid deposition 
from that found in osteogenic sarcomas. 


Erosion of the adjacent cortex by the expansile 
lesions may cause pain and swelling, but often the 
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tumors are totally unsuspected until discovered inciden- 
tally by roentgenogram or until] attention is called to 
them by a pathologic fracture. Lesions in the small 
bones of the hands and feet are almost always innocuous 
and rarely become malignant. Those in the long bones 
of the extremities have a greater, but still only slight, 
tendency to undergo malignant transformation. Carti- 
laginous tumors in the pelvic bones are often malignant, 
but it is not certain whether these arise as benign 
chondromas or were chondrosarcomas from the outset. 


Chondromyxoid Fibroma (Fibromyxoid 
Chondroma) 


This is a comparatively uncommon lesion, princi- 
pally of young adults, that is of importance because it is 
often misinterpreted as malignant. These tumors tend 
to occur about the knee joint in the lower metaphysis 
of the femur, the upper metaphysis of the tibia, and the 
lower end of the fibula.’ The small bones of the foot 
may also be affected. As can be seen, this distribution 
is virtually confined to the lower extremity. Rarely these 
have been described in the ribs, small bones of the 
hands and wrist, vertebrae, scapulae, and mastoid. The 
tumor arises eccentrically within the marrow cavity, and 
progressively erodes the overlying cortex, causing a 
focus of radiolucency and sometimes total erosion of the 
cortical bone. They seldom cause obvious clinical de- 
formity and are usually brought to the patient’s attention 
by pain. 


The neoplasm is firm, gray-white, lobulated, and rub- 
bery, and rarely has a sufficient myxoid element to cause 
sliminess. 

On microscopic examination, it is composed of a loose 
myxomatous tissue containing characteristic spindled fibro- 
blasts, stellate myxoma cells, and, in areas of increased 
maturity, large amounts of collagenous hyaline fibrous tissue. 
There may be small-to-large areas of chondroid differentia- 
tion. Generally, there is no bone or osteoid formation. The 
most ominous feature of the tumor is scattered or sometimes 
aggregated multinucleate giant cells, some of which appear 
similar to osteoclasts. Other giant cells may have fewer 
nuclei with considerable hyperchromatism and variation in 
nuclear size and shape. These cells have the appearance 
of malignancy and are responsible for the overdiagnosing of 
these tumors as chondrosarcomas or myxosarcomas. 


Experience, to date, indicates that these are en- 
tirely benign and do not recur after thorough curettage. 


Chondroblastoma 


This uncommon benign tumor assumes importance 
because it can be misinterpreted both clinically and 
anatomically for more ominous neoplasms such as osteo- 
sarcoma, chondrosarcoma, or giant cell tumor. Its clin- 
ical and radiographic characteristics are highly distinc- 
tive. It usually arises within the epiphysis of long 
tubular bones in individuals between 10 and 20 years 
of age, with a male:female ratio of 2:1. Radiographically, 
it appears as a spherical, sometimes lobulated radiolu- 
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cent defect in the epiphyseal end of the bone. By 
progressive expansion, it may erode the adjacent cortex 
and extend through the articular cartilage or epiphyseal 
plate. Delicate calcifications within the lesion may create 
so-called cotton-wool opacities within the x-ray of the 
tumor. Its apparent destructiveness can be mistaken for 
a malignant neoplasm. 
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MORPHOLOGY. On gross inspection, chondroblasto- 
mas appear as gray-to-yellow-to-brown lesions lying within 
the epiphyseal end, usually of a long tubular bone. Less 
frequent locations include the pelvis, scapula, ribs, and 
calcaneus. The neoplastic tissue is frequently punctuated by 
foci of hemorrhage, cysts, and gritty calcific deposits. They 
generally are small neoplasms and rarely exceed 5 cm in 
diameter. However, they may erode through the articular 
surface, bony cortex, or (as mentioned) epiphyseal plate. 

Microscopic examination of numerous fields of a single 
tumor may reveal wide variation in patterns. The dominant 
theme comprises sheets of round-to-oval cells with large, 
prominent nuclei containing nucleoli. These cells are be- 
lieved to be chondroblasts. In areas, the cells become more 
spindled to resemble fibroblasts. Scattered within this richly 
cellular background are giant cells of two types: (1) small 
multinucleated giant cells; and (2) larger multinucleated giant 
cells resembling osteoclasts."’° Another histologic feature 
consists of poorly delimited islands of poorly formed chon- 
droid matrix laid down between the osteoblastic cells. This 
matrix does not recreate the gelatinous appearance of well- 
developed cartilage, nor are lacunae well formed, such as 
are seen in the chondrosarcoma. Another feature is spotty 
calcification within the cellular areas. True bone formation 
or the deposition of osteoid matrix is infrequent. 


The rich cellularity of these neoplasms and the 
various histologic features cited makes evident why it is 
possible to interp.et this benign neoplasm as an osteo- 
sarcoma, chondrosarcoma, or giant cell tumor. Indeed, 
in the past the chondroblastoma was known as an 
epiphyseal giant cell tumor or chondromatous giant cell 
tumor. Chondroblastomas are usually benign jn their 
behavior and can be adequately treated by local excision 
or thorough curettage. Incomplete removal will be 
followed by local recurrence, however, and there are 
rare instances in which, following several attempts at 
removal, the recurrence has assumed a more aggressive 
behavior, such as local invasion or even metastatic 
dissemination.'!! Regrettably, histologic features are 
poor prognosticators of behavior. 


Chondrosarcoma 


Chondrosarcomas are one of the more common 
forms of cancer of bone, preceded in frequency by 
multiple myeloma, osteosarcoma, and Ewing’s sarcoma. 
They vary widely in their clinical aggressiveness, de- 
pending on their level of anaplasia, but overall are much 
more amenable to surgical removal and cure than osteo- 
sarcomas. A minority arise in preexisting benign lesions 
—solitary enchondroma, enchondromatosis, multiple 
exostoses, fibrous dysplasia, and Paget’s disease—and 
these are referred to as secondary osteochondromas. 


Most (80 to 90%) arise de novo as primary chondrosar- 
comas. Although secondary chondrosarcomas arising in 
hereditary disorders may affect individuals in the second 
and third decades of life, the peak incidence of the 
primary neoplasm is in the sixth and seventh decades. '” 
The male:female ratio is approximately 2:1. 


MORPHOLOGY. About one-half of these cartilaginous 
cancers involve the pelvic bones, but additional sites of 
origin include the humerus, femur, ribs, vertebral bodies, 
tibia, fibula, and sternum, in approximate descending order 
of frequency. They may be centrally located within the bones 
and permeate the marrow space, or may appear to arise in 
the periphery, to produce masses that extend into the 
surrounding soft tissues. Central lesions may Cause expan- 
sion of the cortex, accompanied by peripheral reactive bone 
formation, but whether peripheral or central in origin, they 
tend to be large, bulky, translucent, gray-white lobular 
growths, having a gelatinous consistence (Fig. 28-23). 
Diameters in excess of 25 cm have been recorded. Central 
necrosis of tumor lobules, spotty calcifications, and ossifi- 
cation are sometimes present. Erosion of bone, destruction 
of cortex, and extension along broad, lobulated fronts into 
the surrounding soft tissues are evident in many. 

The histologic diagnosis of chondrosarcomas is fre- 
quently difficult. The essential feature is the identification of 
anaplasia within the cells trapped within the cartilaginous 
lacunae (Fig. 28-24). Typical features of such anaplasia 
include enlarged hyperchromatic nuclei, multiple nuclei 
within a single cell, multilobate and grotesque nuclei, and 


A Pay, 


pb 


Figure 28-23. Lobulated translucent appearance of transection of 
a chondrosarcoma. 
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Figure 28—24. Anaplastic chondrocytes within a chondrosarcoma. 


sometimes mitotic figures. As mentioned earlier, however, 
chondrosarcomas display a wide range of anaplasia, and 
the better-differentiated lesions are readily misinterpreted as 
benign chondromas. Analogously, tumors displaying foci of 
calcification and ossification are subject to misidentification 
as osteosarcomas with chondroid differentiation. In chon- 
drosarcomas with ossification, the bone formation oc- 
curs within cartilage, whereas in osteosarcomas the 
neo-osteogenesis arises out of the background of ana- 
plastic, osteoblastic-fibroblastic cells. 

With these neoplasms, there is a remarkably clear-cut 
relationship between histopathology and tumor behavior. On 
the grounds of nuclear size, cellularity, mitotic rate, and 
frequency of cartilaginous lacunae containing multiple nuclei, 
they can be divided into Grades | to Ill." Fortunately, only 
about 10% of chondrosarcomas are Grade Ill. 

One particularly aggressive variant is referred to as 
chondrosarcoma with dedifferentiation.'’* It appears to rep- 
resent reversion of a focus within a chondrosarcoma to a 
highly anaplastic spindle-cell neoplasm closely resembling 
a malignant fibrous histiocytoma of bone (p. 1364). 


Usually, chondrosarcomas grow slowly. They come 
to attention because of pain and swelling in the affected 
part. Often the symptoms have been present for years. 
Metastatic dissemination may become evident many 
years after diagnosis. Metastases are seen most com- 
monly in the lungs and occasionally in the liver, kidney, 
and brain. By contrast, lymph node metastases are rare. 
The prognosis is materially affected by the grade of the 
lesion based on cytologic features and number of mi- 
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toses.!!? In one analysis, the five-year survival rates of 
Grades I, II, and III were 90%, 81%, and 43%, respec- 
tively, whereas the corresponding ten-year survival rates 
were 83%, 64%, and 29%. None of the Grade I lesions 
metastasized, whereas 70% of the Grade III tumors 
disseminated. Thus, with chondrosarcomas, more than 
with most primary bone tumors, histologic analysis is of 
great prognostic significance. It is particularly important 
with chondrosarcomas having areas of dedifferentiation 
since survival with these neoplasms for more than two 
years is exceptional. 


TUMORS OF MARROW ORIGIN 


Under this heading are included plasma cell mye- 
lomas, so-called reticulum cell sarcoma of bone (closely 
related if not identical to histiocytic lymphoma), lipo- 
sarcoma, and Ewing's sarcoma. Since the first three 
have been considered elsewhere, only Ewing's sarcoma 
remains to be discussed here. 


Ewing’s Sarcoma 


Ewing’s sarcoma is a highly malignant form of 
primary bone tumor. Although considered here as a 
neoplasm of marrow origin, its precise histogenesis is 
uncertain. Over the decades it has been variously con- 
sidered to take origin from endothelial cells, lympho- 
reticular cells, or primitive mesenchymal cells. Although 
uncertainty persists, studies suggest that the neoplastic 
cells are capable of synthesizing collagen, and so are 
thought to be of primitive mesenchymal origin having 
no tendency to differentiation along osteoblastic, fibro- 
blastic, or endothelial lines.'!* These tumors occur pre- 
dominantly in the 20- to 25-year age group, slightly 
more often in males than in females and only very rarely 
in blacks. Local pain is a prominent manifestation as it 
is with most primary bone tumors, but patients with 
this form of neoplasm typically also have fever, local 
swelling, increased local heat, anemia, increased sedi- 
mentation rate, and debility, even before the tumor has 
disseminated. 


MORPHOLOGY. These tumors arise within the marrow 
cavity, usually in unicentric foci within a single bone. In 
occasional cases, multiple lesions are found in several sites, 
and it is not certain whether these represent metastases or 
multicentric foci of origin. The long tubular bones of the body 
in about half the cases and the innominate bones in about 
one-fifth constitute the two major loci of origin. The remaining 
tumors arise in the pubis, ischium, ribs, skull, clavicle, and 
sternum and in almost any other skeletal part."'® Most begin 
in the metaphyses, but a diaphyseal origin is common. They 
almost never arise in the epiphysis. Characteristically, by 
the time the specimen is obtained, the tumor involves large 
areas of the bone or even the entire medullary cavity. It 
appears as a soft, gray, often cystic lesion that has eroded 
and frequently expanded the cortex. Hemorrhages and nec- 
roses are common within the tumor tissue. Perforation of 
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the cortex with subsequent widespread subperiosteal expan- 
sion and penetration into the soft tissues, producing larger 
extraskeletal than intraosseous masses, is more typical of 
Ewing’s sarcoma than it is of any other form of bone cancer. 
Characteristically, it is taught that reactive new bone for- 
mation creates a concentric onion-skin layering about the 
tumor, but this pattern is not found in more than half the 
cases. It should be emphasized that these neoplasms are 
rapidly growing and therefore frequently cause bulky, fleshy 
masses that are readily palpable in the soft tissues. 

Histologically, the tumors are extremely undifferentiated 
and consist of sheets of small, round, or oval cells having 
prominent nuclei and scant cytoplasm. Particularly distinc- 
tive of the tumor cells are PAS-positive cytoplasmic 
granules, present in nearly all neoplasms. This finding is 
generally held to distinguish Ewing’s sarcoma from other 
highly undifferentiated cancers.''® Under the light microscope 
the nuclei tend to be round to oval and quite uniform in size 
and shape, but electron microscopy usually reveals slight 
nuclear indentations. Tumor giant cells and pleomorphism 
are conspicuously absent in untreated tumors, but are prom- 
inent in those receiving previous irradiation. This histologic 
pattern may be modified by large areas of ischemic infarct 
necrosis (the rapidly growing tumor tends to outgrow its 
blood supply) so that, in many tumors, the preserved viable 
cells are found in cords or masses about blood vessels with 
necrosis of the more remote areas (Figs. 28—25 and 28-26). 
It is this totally undifferentiated growth that has provided the 
difficulty in determining the cell type of origin. Thus, the 
diagnosis of Ewing’s sarcoma should not be made without 
consideration of the possibility that the lesion may represent 
a metastasis from an undifferentiated carcinoma, undiffer- 
entiated sarcoma, neuroblastoma, or, conceivably, a bone 
lymphoma. The PAS-positive granules are a helpful pointer 
to Ewing’s sarcoma. 


The radiographic appearance of these neoplasms 
may be quite distinctive or similar to that of other forms 
of bone tumors. These are generally lytic tumors that 
erode the cancellous trabeculae and then the cortex 
from within outward. Generally, extensive soft tissue 
invasion can be visualized. The continuity of the cortex 
may be interrupted, but usually it is only mottled in 
appearance. Elevation of the periosteum is typically 
present and sometimes is accompanied by so-called 
Codman’s triangle (p. 1339). There may be periosteal 
bone formation about the tumor to create what has been 
referred to radiographically as onionskin layering. It 
should be emphasized that this neo-osteogenesis is 
reactive and not tumorous. Occasionally, there are 
spotty radiodensities, apparently within the tumor, but 
on three-dimensional study it is evident that these 
represent foci of periosteal new bone formation. Any or 
all of these radiographic changes can be produced by 
chronic osteomyelitis or other forms of neoplasms. How- 
ever, the diagnosis of Ewing's sarcoma is almost certain 
when the neoplasm is diaphyseal in origin; is associated 
with local pain, swelling, heat, and fever; and is accom- 
panied by radiographic findings of soft tissue extension 
of an intramedullary neoplasm. 

This form of cancer is one of the most aggressive 
of the primary bone tumors. At least one-fourth of the 
patients have metastases at the time of initial diagnosis. 
Metastases may be widespread and involve any organ 
or tissue in the body. Particularly distinctive is the 
tendency to disseminate to other bones, most often the 
skull, and to the lungs; spread to the brain is also 
common.''’ In previous years, because of this aggressive 


Fig. 28-26 


Figure 28-25. Ewing’s sarcoma at low power. Broad bands of cells abut on blood vessels and are 
created by pale ischemic necrosis of intervening areas. 


Figure 28-26. Ewing's sarcoma at high power, illustrating characteristic cytology. 


behavior, the five-year survival rate based on surgical 
excision and radiotherapy was approximately 10%. In 
more recent years, however, chemotherapy has been 
added to the: attack, and with the combined use of 
surgery, radiation, and chemotherapy a heartening im- 
provement in prognosis has been achieved with a five- 
year relapse-free survival of approximately 70 to 75%. !!8 


GIANT CELL TUMORS 


Giant cell tumors are also sometimes referred to as 
osteoclastomas on the basis of the belief that the mul- 
tinucleated giant cells (such a prominent histologic 
feature of these neoplasms) are osteoclasts. However, 
because the precise nature of these giant cells is still 
unclear, the preferred designation is giant cell tumor. 
These neoplasms have long been a focus of controversy 
on three scores: (1) their histogenesis, (2) their differ- 
entiation from other giant cell-bearing lesions, and (3) 
their biologic behavior. 

The histogenesis of these neoplasms has long been 
an enigma.'’® First, it should be emphasized that the 
multinucleate giant cells are not the neoplastic element 
within these tumors, but rather it is the background 
mononuclear fibroblast-like cells that determine the bi- 
ologic behavior of these lesions. Macrophages or histio- 
cytes are numerous in these lesions and the question 
has been raised as to whether these multipotential 
mesenchymal cells give origin to both the mononuclear 
and multinucleate cells.!2° Indeed, some authors believe 
the giant cell tumor to be a form of fibrohistiocytoma 
(p. 1364) also having numerous giant cells. !2! Histochem- 
ically, however, the giant cells have a high content of 
acid phosphatase, beta glucuronidase, and succinic de- 
hydrogenase characteristic of osteoclasts. Moreover, 
electron microscopic studies reveal ultrastructural fea- 
tures nearly identical with those of the osteoclast. !”° 
Thus, the controversy continues and it seems best to 
admit the present lack of certainty about the origin of 
these neoplasms. 

Multinucleate giant cells are a feature of many non- 
neoplastic as well as neoplastic lesions of bone. They 
are particularly prominent in the so-called “brown tu- 
mor’ seen in skeletal disease associated with hyperpar- 
athyroidism, and in the giant cell granuloma of the 
gingiva and jawbones (also called epulis). These lesions 
are better known as reparative giant cell granulomas 
and are not true neoplasms, despite their histologic 
resemblance to giant cell tumors of bone. Multinucleate 
giant cells are also encountered in the benign and 
malignant fibrous histiocytoma, chondromyxoid fibroma, 
and chondroblastoma, as well as less commonly in other 
primary bone neoplasms. The chondroblastoma poses a 
particularly challenging problem because this benign 
neoplasm usually has many multinucleate giant cells, 
and moreover the tumor arises in the epiphyseal ends 
of bone, where giant cell tumors arise. Since the latter 
are potentially malignant, the importance of the differ- 
ential diagnosis is obvious. 


1345 


Bones 


The biologic behavior of these neoplasms and its 
predictability from histomorphology are also murky 
areas. Clearly, about 5 to 15% of these neoplasms 
classified as Grade III have overt anaplastic changes in 
the mononuclear cells (the cutting edge of these tumors) 
associated with aggressive clinical behavior. Most (70 to 
75%) are histologically and clinically Grade I lesions. 
There remains about 10 to 15% of indeterminate lesions 
in which it is impossible to predict behavior from the 
microscopic features.'? More than most neoplasms, the 
giant cell tumor is an “unreliable critter.” 

Another vexing issue involves those lesions that at 
the time of primary excision present a benign histologic 
appearance, but with incomplete removal and recur- 
rence appear significantly more anaplastic. Does such a 
sequence represent a primary underdiagnosis or sam- 
pling error (with failure to visualize malignant foci) or is 
there a tendency for benign lesions to become malignant 
with time, or possibly following surgical or radiation 
therapy? There are no satisfactory answers to these 
questions, but the prevailing wisdom holds that the 
most malignant tumors are such from the outset, al- 
though there are undoubted instances in which “benign” 
lesions subsequently undergo malignant transformation, 
even in the absence of radiation therapy. !”? The message 
is clear: the best chance for cure is the first! 


MORPHOLOGY. Giant cell tumors nearly always arise 
within the epiphyses, but may then spread into the meta- 
physes or even through the articular cartilage into the joint 
space. A metaphyseal origin is strong evidence against the 
diagnosis of giant cell tumor. Over half of these lesions 
arise about the knee in the distal femur, proximal tibia, 
or proximal fibula. Additional primary sites include the distal 
radius, distal ulna, proximal and distal humerus, sacrum, 
proximal femur, and vertebrae, as well as other bones.’ 
Involvement of the small bones of the hands or feet is rare; 
giant cell lesions in these locations are more likely to be 
reparative giant cell granulomas or fibrous histiocytomas. 
Although most true giant cell tumors occur as solitary neo- 
plasms, multiple or multicentric tumors are encountered 
rarely. '25 

Characteristically, the tumors begin within the cancel- 
lous region of the epiphysis and progressively expand to 
cause a cClublike deformity of the bone (Fig. 28-27). In this 
expansion the cortex may be thinned or even eroded, but 
often reactive new bone formation maintains a thin, enclosing 
bony rim. With progression, they may erode into the joint to 
involve the neighboring bone. Alternatively, the tumors can 
penetrate into the surrounding soft tissue. Despite invasive 
behavior, they tend to grow as cohesive masses along broad 
lobulated fronts. Characteristically, they are red-brown on 
cut surface, with prominent areas of hemorrhage, cyst for- 
mation, and foci of pale, yellow-white necrosis. 

Histologically, these neoplasms are composed mainly 


of plump, spindled, fibroblast-like cells, or more ovoid, prim- 


itive, mesenchymal-appearing cells. Scattered within the 
background of such mononuclear cells are numerous multi- 
nucleate apparent osteoclasts, or foreign body-type giant 
cells (Figs. 28-28 and 28-29). In areas there may be foci 
of necrosis, hemorrhage, hemosiderin deposition, and os- 
teoid formation. The interpretation of the osteoid is contro- 
versial, and some favor its being reactive, whereas others 
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Figure 28-27. A, Benign giant cell tumor of upper end of tibia. Tumor has produced an ovoid 
enlargement, expanding epiphysis. B, Radiograph of a similar tumor in upper end of tibia showing 
lobulated cystic rarefaction of bone extending up to, but not penetrating, the articular surface. 
(Courtesy of Dr. Ashley Davidoff, Department of Radiology, Brigham and Women’s Hospital, Boston.) 


; 


Fig. 28-28 Fig. 28-29 
Figure 28-28. Benign giant cell tumor, illustrating abundance of multinucleate giant cells. 


Figure 28-29. High-power detail of giant cells and well-differentiated stroma in benign giant cell 
tumor. 


contend that the osteoid matrix is produced by tumor cells 
themselves. Equally controversial is the issue of cartilage 
formation within these neoplasms. Some observers deny 
ever finding cartilage within these tumors, but others point 
to chondroid areas in as many as one-third of the lesions.’ 
The spindle cell stroma of the giant cell tumors requires 
the most meticulous attention, for it is upon the regu- 
larity or anaplasia in these cells that the clinical behavior 


2 ae.” 4S 
Figure 28-30. Malignant giant cell tumor, illustrating anaplasia 
within spindle cells that constitute bulk of neoplasm. 


, 


NORMAL Rheumatoid arthritis (RA) 
PATHOLOGY Variants of rheumatoid arthritis 
Arthritis 


Suppurative arthritis 

Tuberculous arthritis 

Osteoarthritis (degenerative joint 
disease—DJD) 


Tumors 
Synoviosarcoma 


Arthritis associated with rheumatic fever 
Gout and gouty arthritis 
Other forms of arthritis 
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of the tumor hinges. All degrees of cellular atypicality and 
undifferentiation are encountered, ranging from the Grade | 
well-differentiated typical tumors having almost mature fibro- 
blastic spindle cells with few, if any, mitoses and no tumor 
giant cells, to the other extreme of Grade Ill lesions with 
cellular pleomorphism, hyperchromasia, abundant mitotic 
figures, and frank sarcomatous changes (Fig: 28-30). 


Joints and Related Structures 


Giant cell tumors generally come to diagnosis in 
persons between the ages of 20 and 55; they are 
distinctly uncommon in those under 15. Males and 
females are affected almost equally often, possibly with 
a slight female preponderance. These patients present 
the nonspecific complaints of local pain, tenderness, 
functional disability, and occasionally pathologic frac- 
tures. However, in many instances the tumors grow 
insidiously to massive size to produce externally palpa- 
ble masses before discovery. Radiographs are distinc- 
tive, but not pathognomonic, and show large, roughly 
spherical cystic areas of bone rarefaction traversed by 
irregular strands of calcification. Frequently, multiple 
radiolucent foci create the appearance of a cluster of 
soap bubbles. A thinned-out but usually preserved 
cortex surrounds the lesion, although, as pointed out, 
aggressive neoplasms may destroy the cortex and, in- 
deed, the articular end of the bone. Generally, there is 
little reactive bone sclerosis in the advancing margins. 

The issue of the variable biologic behavior of these 
neoplasms and its predictability has already been 
stressed. At the two ends of the morphologic spectrum 
there is no difficulty. The large center, however, poses 
a problem because even benign-appearing lesions may 
recur following therapy; the overall recurrence rate is 
25 to 50%, and with each recurrence the horizon 
darkens. 


Joints and Related Structures 


Miscellaneous Lesions 
Pigmented villonodular synovitis 
(pigmented villonodular tenosynovitis) 
Tenosynovitis 
Bursitis 
Ganglion 


Malignant fibrous histiocytoma 


NORMAL 


The joints are the hinges of the skeleton articulating 
two or more bones. Where motion is limited the bones 
are firmly joined by fibrocartilaginous tissue, e.g., the 
intervertebral discs in the spinal column. The ends of 
the bone in the diarthrodial joints are capped by artic- 
ular cartilage, itself covered by a synovial membrane 
that lines the entire joint space. The membrane consists 
of a single sheet of cells of two types. The more common, 
type A synoviocytes, are phagocytic and synthesize 
degradative enzymes, largely collagenases. Type B syn- 


oviocytes, which synthesize mucin, are scattered among 
the type A cells. The synovial fluid that lubricates 
diarthrodial joints is composed of a vascular transudate 
derived from the synovial membrane admixed with 
mucin derived from the lining cells. Normally the fluid 
is clear, viscid, and colorless to slightly yellow; contains 
fewer than 200 white cells per mm* (mostly mononu- 
clears); and clots on standing. 

The articular cartilage is a unique connective tissue 
ideally suited to serve as an elastic shock absorber and 
wear-resistant, weight-bearing surface. Although the 
ends of apposing bones within a joint are remarkably 
contouréd to fit each other, there is not perfect congru- 
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ence and so there is uneven load distribution. Articular 
cartilage, despite its lack of nerves, lymphatics, and 
blood vessels, is a metabolically active tissue. The 
relatively few chondrocytes dispersed throughout the 
fibrocartilaginous matrix are active throughout life in 
the synthesis of the collagen and the macromolecular 
proteoglycans of the matrix. These matrix components 
are in a constant state of turnover. The collagen of 
cartilage is type IJ, characterized on page 77. The 
collagen fibers are largely oriented vertical to the 
weight-bearing surface, but in the immediate subsynov- 
ial region are distributed horizontally and are finer and 
more dense, constituting a feltlike mesh. This dense 
layer may serve to contain the proteoglycans and exclude 
degradative enzymes produced by the synoviocytes or 
leukocytes in inflammatory states. The vertical orienta- 
tion of the deeper fibers is maintained by the proteo- 
glycans. These macromolecules have a linear polypep- 
tide backbone to which is attached, at approximately 
right angles, side chains of glycosaminoglycans (chon- 
droitin-6-sulfate, chondroitin-4-sulfate, and keratan sul- 
fate). Negative surface charges on the side chains repel 
each other to maintain the proteoglycan molecule stiffly 
extended in space.’ The spatial lattice permits the 
matrix to be hyperhydrated so that articular cartilage is 
composed of 70 to 80% water, the remainder being 
about half collagen and half proteoglycans. With each 
compressive force, water and proteoglycans are dis- 
placed to zones bearing less load or possibly in small 
amounts into the joint space, but normal redistribution 
follows release of the pressure. Free flow of water out 
of cartilage is limited by the oncotic pressure of the 
hydrophilic proteoglycans. 


PATHOLOGY 


Diseases of joints are commonplace in clinical med- 
icine. Various surveys indicate that about 1.5% of the 
American population under 45 and 15% of older indi- 
viduals suffer from complaints probably arising in joint 
disease. The cost of the loss of productive work exceeds 
hundreds of millions of dollars annually. Despite this 
staggering significance, we know little about the precise 
nature of many of these conditions. Our knowledge is 
particularly deficient in the most important disorders of 
the joints, namely, the various types of arthritis. Primary 
attention is devoted in this section to these forms of 
disabling arthritis and to the uncommon but clinically 
significant tumors that arise in the joints and their 
investing tissues. 


ARTHRITIS 


Arthritis is a nonspecific term that refers to any 
inflammatory involvement of a joint. There are a number 
of classifications based on the acuteness or chronicity of 
the involvement, the etiology of the inflammation, the 


specific joints involved, and other considerations. The 
division employed here is based on distinctive anatomic 
features. 


SUPPURATIVE ARTHRITIS 


Suppurative arthritis, almost always acute, refers 
merely to a suppurative inflammation within a joint 
space. This type of inflammatory involvement is almost 
invariably initiated by bacterial invasion. Infrequently, 
however, physical trauma, bleeding into a joint, or a 
metabolic disorder such as gout may evoke a leukocytic 
infiltrate that resembles, but is not, a valid suppurative 
arthritis. Bacteria usually seed the joint space in the 
hematogenous dissemination of an infection localized in 
some other organ of the body. Much less frequently, 
bacteria may invade the joint either by the direct spread 
of a neighboring infection or through a perforating 
injury. 

The most common causes of suppurative arthritis 
are gonococci, staphylococci, streptococci, Hemophilus 
influenzae, and gram-negative bacilli (Escherichia coli, 
Salmonella, Pseudomonas, and others). Most instances 
of suppurative arthritis occur in adult life, more often 
in drug addicts and persons with reduced immunocom- 
petence or debilitation (predominantly caused by staph- 
ylococci and gram-negative organisms). Gonococcal ar- 
thritis is mainly seen in sexually active young adults, 
more often in females with neglected infections. Acute 
arthritis may also develop in childhood, when H. influ- 
enzae is the most common etiologic agent. Suppurative 
arthritis associated with osteomyelitis is also frequently 
a childhood disorder. For reasons that are unclear, 
individuals with sickle cell anemia are particularly prone 
to Salmonella infections. For many vears, oral sepsis 
and infected tonsils and sinuses were considered impor- 
tant causes of suppurative arthritis. However, repeated 
studies have deemphasized the significance of these 
focal infections. 


Any joint may be involved, but those most frequently 
affected are the large joints such as the knee, hip, ankle, 
elbow, wrist, and shoulder. For obscure reasons, the ster- 
noclavicular joint is an additional favored site. In most 
instances, the infection is limited to a monoarticular in- 
volvement. The anatomic changes consist of a nonspecific, 
acute suppurative infection virtually identical with sim- 
ilar infections in other regions of the body. In early and 
less severe involvements, the synovial membranes are con- 
gested, thickened, and edematous, and the joint space 
contains a thin, cloudy fluid laden with neutrophils. The white 
cell count may reach 200,000 per mm‘*. The fluid is rich in 
fibrinogen, clots spontaneously, and has poor viscosity. 
Occasionally, bacteria can be identified in the smear of this 
fluid, and necrotic microorganisms are often visible within 
the cytoplasm of the leukocytes. As the process advances, 
the inflammatory alterations in the synovial membrane be- 
come progressively more severe and the fluid is transformed 
to a thick, characteristic pus. Depending on the virulence 
of the causative agent and the chronicity of the infection, 
the inflammatory synovitis may ulcerate and involve the 


underlying articular cartilage. It is therefore possible for 
suppurative arthritis to result in extensive destruction of joint 
surfaces and in fibrous bridging scars that seriously hamper 
joint function. Calcifications may further limit the mobility, but 
only infrequently produce permanent ankylosis. In an earlier 
stage of the disease, the infection may be controlled by 
appropriate therapy, permitting resolution of the inflammatory 
changes and restitution of normal structures. 


The resultant clinical manifestations are those of 
any local infection, i.e., redness, swelling, tenderness, 
and pain. Frequently, a systemic constitutional reaction 
is also present. Because of the destructive tendencies 
of chronic, persistent, suppurative infections within joint 
spaces, these conditions require prompt recognition and 
effective therapy for the preservation of normal joint 
function. Overall, however, suppurative arthritis is an 
uncommon cause of permanent joint damage. 


TUBERCULOUS ARTHRITIS 


Tuberculous arthritis is almost invariably an insid- 
ious chronic disease. It may be encountered in adults 
but is more common in children, and arises either as a 
complication of tuberculous osteomyelitis or following 
hematogenous dissemination of organisms from a pul- 
monary or other focus of infection. It is usually mono- 
articular in type. The most common site of localization 
is the spine (Pott’s disease or tuberculous spondylitis). 
The second most favored site is the hip joint, but the 
knee, elbow, wrist, ankle, and sacroiliac joints may also 
be involved. 

As in suppurative arthritis, the tuberculous infec- 
tion follows the pattern of similar infections elsewhere 
in the body. The initial involvement consists principally 
of edema, congestion, and thickening of the synovial 
membranes. As the infection advances, the lining mem- 
brane becomes studded with small foci of inflammatory 
granulation tissue harboring solitary and confluent tu- 
bercles. Because these infections tend to take a chronic 
course, the inflammatory tissue creates a thick, feltlike 
covering over the articular surfaces known as a pannus. 
The caseous necrotizing inflammation may extend from 
the pannus into the underlying articular surface, thus 
causing considerable ulceration and destruction, and 
erosion into the head of the bone. Sometimes the 
tuberculous infection erodes into the bone from the 
margin of the articular cartilage and, thus undermining 
it, causes it to fragment and slough. Conversely, tuber- 
culous osteomyelitis may trek into the joint space to 
cause arthritis. 

Tuberculous arthritis tends to be a much more 
destructive process than suppurative arthritis and fre- 
quently results in extensive fibrous bridging and obli- 
teration of the joint space. Late calcification of the 
inflammatory tissue may lead ta ankylosis of the joint. 
In other instances, the tuberculous infection may erode 
through the joint capsule to create draining skin sinuses. 
The precise diagnosis requires the identification of the 
characteristic morphologic tissue reaction or, more pos- 
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itively, the acid-fast bacilli. When a suppurative arthritis 
fails to yield a common pyogen by means of usual 
bacterial cultural methods, tuberculosis should be sus- 
pected! 


Joints and Related Structures 


OSTEOARTHRITIS (DEGENERATIVE JOINT 
DISEASE—DUJD) 


Osteoarthritis is the most common arthropathy seen 
principally but not exclusively in elderly individuals. !”’ 
The weight-bearing joints are principally affected by 
cartilage destruction and erosion followed by subchon- 
dral sclerosis and the formation of large calcified osteo- 
phytes (spurs) at the joint margins. Pain, deformity, and 
limitation of motion results.’ Because the frequency of 
the condition increases with age, it has long been 
thought to be a “wear-and-tear” degenerative process 
and hence is often referred to as degenerative joint 
disease (DJD). However, the growing awareness that 
the disease may occur in relatively young adults, that 
in some cases crystals may be found within the joint 
fluid, and that uncommonly there is joint inflammation 
all militate toward retention of the time-honored des- 
ignation osteoarthritis. In most instances when the 
condition appears in middle adult life or earlier, some 
previous joint disease or abnormality constitutes a pre- 
disposing influence, and hence the osteoarthritis is 
referred to as secondary. The various predispositions for 
secondary osteoarthritis can be categorized as follows:'*8 


Congenital Aberrations of Joints 
Hypermobility 
Abnormally shaped surfaces 


Structural Disorders Arising in Childhood 
Legg-Calvé-Perthes disease 
Slipped femoral epiphysis 


Trauma and Mechanical Problems 
Fractures involving the joint surface 
Meniscectomy 
Obesity 


Crystal Deposition 
Hydroxyapatite 
Pyrophosphate 


Metabolic Abnormality of Cartilage 
Ochronosis 


Previous Inflammatory Disease of Joints 
Rheumatoid arthritis 
Gout 
Septic arthritjs 
Tuberculous arthritis 
Hemophilia 


INCIDENCE. Osteoarthritis has been referred to as 
the single major cause of disability in the United 
States.’° On the basis of radiographic changes, it is 
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estimated that 80% of persons over the age of 70 have 
this condition, and about half of these have symptoms. 
Women are affected twice as often as men, and wornen 
are prone to develop osteophytic nodules at the base of 
the terminal phalanges, called Heberden’s nodes; for 
unknown reasons, these are rare in men. There are 
hints of genetic predisposition to osteoarthritis. Siblings, 
and particularly twins, are likely to develop the arthritic 
changes at approximately the same age. However, no 
single pattern of mendelian inheritance has been iden- 
tified, and both recessive and dominant autosomal trans- 
mission have been reported. !”° 

PATHOGENESIS. The traditional view of the causa- 
tion of osteoarthritis invokes biomechanical factors. In 
the primary form of the disease, it is speculated that 
the cumulative effects of use ultimately lead to injury 
to chondrocytes and impaired maintenance of the artic- 
ular cartilage. As a consequence, there is loss or de- 
creased synthesis of proteoglycans, increased collagen 
turnover, and possibly molecular or spatial changes in 
collagen. Central to this theory is the observation that, 
with decades of weight-bearing, there is remodeling of 
the conformation of the articular cartilage with redistri- 
bution of load stresses. Normal diarthroidal joint sur- 
faces are slightly incongruent with most of the weight 
load borne by the periphery of the joint. With remod- 
eling the joints become ever more congruent and areas 
previously not in contact become exposed to weight 
loads. Chondrocyte integrity depends on normal levels 
of load, and overloading and underloading induce chon- 
drocyte injury.!*! Moreover, the changed weight-bear- 
ing alters the subsynovial weave of collagen fibers, 
perhaps favoring loss of proteoglycans. Simultaneously 
the closely approximated articular surfaces are deprived 
of free flow of synovial fluid. Cartilage injury and erosion 
ensue, followed by a sequence of changes to be detailed. 
Many disorders associated with secondary osteoarthritis 
may reasonably be thought to act by altering joint 
conformation or weight-bearing loads. 

Variations on the biomechanical theory emphasize 
metabolic and biochemical changes. Chrondrocyte in- 
jury may lead to the elaboration or release of degradative 
enzymes, particularly proteoglycanases and cathep- 
sins.!°2 Concomitantly, aging and chondrocyte injury 
might slow the capacity for proteoglycan synthesis. 
Different alterations in collagen have also been claimed 
and disputed, including transition with injury from type 
II collagen to type I less able to withstand the stress,'* 
increased susceptibility of the collagen to protease deg- 
radation, and some subtle biochemical or steric change 
modifying its structural stability. However, the possi- 
bility cannot be ruled out that all these changes are 
responses to cartilage injury rather than primary path- 
ogenetic phenomena. 

Yet another dimension has been added to the 
pathogenesis of osteoarthritis, namely, the observations 
that well-defined inflammatory changes are sometimes 
seen in the early stages of the disease and that the joints 
in a few patients contain crystals of hydroxyapatite and/ 
or pyrophosphate.!** Whether such individuals repre- 
sent a special subset of the larger population, or repre- 


sent a particular stage of the general condition, is not 
clear at present. Alternatively, the crystals may be seen 
only in advanced disease secondary to long-standing 
cartilage injury. It is apparent that we are still groping 
for an understanding of this common arthropathy. 


MORPHOLOGY. The vertebral, hip, knee, and distal 
interphalangeal joints of the fingers bear the brunt of the 
disease. The wrists, elbows, and shoulders are seldom 
involved, as is true of the proximal interphalangeal joints 
and metacarpophalangeal joints. In contrast, the carpome- 
tacarpal joint of the thumb is frequently affected. The early 
changes appear to be erosion and flaking of the carti- 
laginous surface. This is accompanied by apparent repli- 
cation of chondrocytes, creating small, clonal clusters of 
cells within the cartilaginous matrix. Concomitantly, the de- 
pletion of proteoglycans leads to a decrease in metachro- 
matic staining, as can be demonstrated by Alcian blue, for 
example. With advance of the disease, clefts appear within 
the cartilage at right angles to the surface. These clefts may 
penetrate to the subchondral bone, producing what is re- 
ferred to as cartilage fibrillation. Sometimes, fragments of 
cartilage break off to create ‘joint mice.” Perhaps in re- 
sponse to this cartilaginous injury there is ingrowth of blood 
vessels from the subchondral bone into the articular carti- 
lage. Focal, cystic areas may appear within the subchondral 
bone, filled with fibrous tissue, presumably a reflection of 
reactive vascular changes and bone resorption. With further 
progression, the cartilaginous layer is more deeply eroded 
or may entirely disappear from focal areas, leaving denuded 
subchondral bone, which may become dense, smooth, and 
glistening to resemble ivory (eburnation). The subchondral 
bone becomes densely sclerotic, and indeed microfractures 
in this region may occur as an earlier change leading to the 
bony sclerosis and loss of elasticity of the subchondral 
cushion. The loss of cartilage accounts for the so-called 
thinning of the joint space seen radiographically. Concomi- 
tantly, osteophytes (bony outgrowths) develop from the 
margins of the articular cartilage that sometimes extend 
along ligamentous and capsular attachments to produce the 
characteristic bone spurs of osteoarthritis. These spurs 
are responsible for the “lipping” found in the vertebral bodies 
where the spine is affected (Fig. 28-31). When large spurs 
project from opposing bones, they may come into contact 
with each other to cause pain and limitation of motion. 
However, they rarely fuse to produce bony ankylosis as 
seen in rheumatoid arthritis. It is these bony spurs that 
account for the nodules referred to previously as Heberden’s 
nodes. 


CLINICAL CouRSE. Osteoarthritis is an insidious 
disease that is usually first noticed as transient slight 
stiffness or decreased mobility, most prominent in the 
morning on arising. Usually, after resuming motion for 
a short time, the stiffness, and sometimes the pain, 
subsides but recurs late in the day with prolonged use 
or undue activity. These manifestations are most prom- 
inent in the hips, knees, and back. With more advanced 
disease the pain and disability are more protracted. 
There is usually no evidence of local heat or tenderness, 
but the joints may have a restricted range of motion, 
small effusions, and crepitus. The bony outgrowths may 
impinge on spinal foramina and cause cervical and 
lumbar nerve root compression, with radicular pain, 
muscle spasms, muscle atrophy, and neurologic abnor- 
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Figure 28-31. Extensive osteoarthritis with marked spur formations 
(arrows) along lateral margins of intervertebral disc spaces. (Cour- 
tesy of Dr. John O'Connor, Boston University Medical Center.) 


malities. Involvement of the distal interphalangeal joints 
may cause stiffMess and decreased mobility of the fin- 
gers. 

There is no satisfactory means of preventing this 
condition nor any method known for its arrest. The 
disorder usually is slowly progressive over the remaining 
years of life, and joins atherosclerosis and cancer as a 
dividend of the “golden years.” 


RHEUMATOID ARTHRITIS (RA) 


Rheumatoid arthritis is a chronic systemic inflam- 
matory disease of unknown etiology. Although the skin, 
voluntary muscles, bones, eyes, heart, blood vessels, 
lungs, and possibly other organs may be affected, the 
outstanding feature of RA is progressive deforming 
arthritis. Classically, multiple joints are affected in a 
symmetric distribution, notably the. small joints of the 
hands and feet. The disease may take various forms. In 
most patients it is limited to joint involvement alone, 
although minor changes in muscle or bone may also be 
present. In about 20% of patients the arthritis is accom- 
panied by skin rheumatoid nodules. In another group 
the disease is confined to involvement of the vertebral 
column (ankylosing spondylitis). In yet another subset 
the arthritis is accompanied by massive splenomegaly, 
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hypersplenism, and leg ulcers (p. 1355). In hard-coal 
miners there is prominent involvement of the lungs 
along with the polyarthritis referred to as Caplan’s 
syndrome (p. 434). In still other instances there is 
multiorgan and vascular involvement. The question is 
raised: are these merely variable expressions of a single 
disorder or are they several closely related disorders, 
all having in common a similar type of arthritis? 

There are other clinical variants of RA. A form of 
inflammatory synovitis-arthritis closely related to RA is 
also encountered in juveniles—juvenile rheumatoid ar- 
thritis. In this age group, however, there are many 
clinical features that set this disease apart from RA in 
adults. Psoriasis, ulcerative colitis, regional enteritis, 
and Whipple’s disease also are sometimes accompanied 
by a closely related form of inflammatory arthritis. In 
addition, many conditions thought to be immunologic 
in origin—systemic lupus erythematosus, scleroderma, 
Sjégren’s syndrome, serum sickness, and rheumatic 
fever—often present joint involvement. However, in 
these immunologic disorders the arthritis tends to be 
transitory and does not have the progressive destructive 
nature of RA. Thus, inflammatory joint involvement of 
obscure origin is encountered in a diversity of clinical 
settings. In many cases the disease is not progressive, 
however, and so differs from classic rheumatoid involve- 
ment. Only those with inflammatory disease having the 
potential of leading to crippling joint destruction are 
now considered as subsets of RA (cited below) and are 
referred to as variants of RA. 

In RA variants, the anatomic changes within the 
joints are almost indistinguishable from classic RA, but 
the clinical course or features of each merit its separation 
from the parent disease. Thus, the following discussion 
is restricted to the usual classic form of RA, followed by 
a brief consideration of the more important variants. 

INCIDENCE. RA is a common disorder among adults 
and is said to affect from 0.5 to 3.8% of women and 
from 0.15 to 1.3% of men. These ranges reflect varying 
criteria for establishment of the diagnoses. It may arise 
at any age, but about 70% of patients are between the 
third and seventh decades of life. Women are affected 
three times more often than men. There are hints of 
genetic predisposition in the form of familial aggrega- 
tions and a statistically significant association with HLA- 
D4 or DR4.'* However, well-defined patterns of inher- 
itance have not been identified. 

Before the possible origins of this condition are 
considered, it is well to review first the morphology. 


Joints and Related Structures 


MORPHOLOGY. Although any joint in the body may be 
affected, RA tends to begin in the small joints of the hands 
and feet, particularly the interphalangeal joints. Also com- 
monly affected are the wrists, elbows, ankles, and knees. 
Occasionally, the cervical spine is involved, but it is uncom- 
mon in the lower spine. Sometimes, temporomandibular 
involvement induces difficulty in chewing. Joint involvement 
tends to be symmetric, as mentioned earlier. Biopsies reveal 
that during the early stages there is a nonspecific acute 
edematous inflammation marked by infiltration of the synovia 
by neutrophils, lymphocytes, and occasional plasma cells. 
Similar white cells, predominantly neutrophils, are found 
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within the synovial fluid, which is increased in amount. With 
progression, the characteristic changes appear in the 
form of a diffuse proliferative synovitis (Fig. 28-32). The 
synovial lining cells become hypertrophied and multilayered, 
and the subsynovial connective tissue undergoes similar 
reactive vascularized hyperplasia. In this manner, the syn- 
ovial lining is replaced by a highly vascularized, some- 
times polypoid mass of inflammatory tissue, principally 
infiltrated with lymphocytes, macrophages, and plasma 
cells to create the pannus. The mononuclear infiltration 
may form lymphocytic nodules, particularly prominent about 
the newly formed vessels. Foci of necrosis and deposits of 
fibrinoid may appear within this pannus. In time, the pannus 
and the inflammatory reaction erode into the underlying 
articular cartilage, beginning at the joint margins where the 
articular cartilage ends and the joint capsule attaches to 
bone (Fig. 28-33). The inflammatory process extends to the 
joint capsule and supporting ligaments, weakening the joint 
support and contributing to the dysfunction. With erosion of 
the articular cartilage, the pannus invades the bone, causing 
rarefaction and foci of cystic softening of the juxta-articular 
bone. Joint motion may cause erosion of the exuberant 
pannus, leading to bleeding, fibrin clots, and the formation 
of granulation tissue that bridges the joint space. Eventually, 
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the total articular surface is eroded and the joint space 


obliterated. In the late stages, fibrous adhesions or even 
bony ankylosis may unite the opposite joint surfaces. 
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Figure 28—32. Proliferative synovitis of rheumatoid arthritis. Synovial 
surface seen to left is marked by hypertrophied synoviocytes un- 
derlaid by a chronic inflammatory infiltrate. Increased vascularization 
of subsynovial connective tissue is evident. 


Figure 28-33. Marked chronic rheumatoid arthritis. Joint space to 
left is filled with inflammatory tissue (pannus) that is simultaneously 
invading and eroding the articular cartilage (arrows). 


As pointed out below, immunofluorescent techniques 
disclose immune complexes and complement within synovial 
cells, neutrophils, and macrophages. The fluid aspirated 
from an involved joint is usually nonviscous and cloudy, and 
forms a poor mucin clot. Its white cell count is usually 
moderately elevated, with a predominance of neutrophils. 
These inflammatory cells too contain immune complexes. 

Rheumatoid nodules may appear in the skin, cardiac 
valves, pericardium, pleura, lung parenchyma, and spleen. 
They are almost identical to those encountered in some 
patients with rheumatic fever and are characterized by a 
focus of central necrosis, surrounded by proliferating con- 
nective tissue cells that are usually radially oriented, to thus 
create a well-defined enclosing palisade (Fig. 28-34). Some- 
times the central focus of necrosis contains deposits of 
fibrinoid. About the palisade, large numbers of lymphocytes 
and occasional plasma cells accumulate. The skin nodules 
appear in approximately 20% of patients and are most often 
found on the extensor surfaces of the arms and elbows; less 
common sites are the scalp, hands, feet, back, buttocks, 
and knees. Acute glaucoma may result from involvement of 
the sclera. The pulmonary involvement may give rise to a 
diffuse pleuritis or multiple intraparenchymal nodules. The 
concurrence of rheumatoid pulmonary nodules and pneu- 
moconiosis creates what has been referred to as Caplan’s 
syndrome. Sometimes, diffuse interstitial pulmonary fibrosis 
appears, attributed to immunologically mediated immune 
complex deposition. Rheumatoid nodules within the heart 
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may induce pericarditis and valvular deformities, particularly 
in the aortic valve leaflets. Solenomegaly and lymphadenop- 
athy of the nodes about the involved joints may develop. 
This usually takes the form of nonspecific reactive hyperpla- 
sia but rarely is marked by rheumatoid nodules. 

Any of the large or small arteries of the body may 
develop an acute necrotizing vasculitis, characteristic of 
that seen in other immunologic states. Diffuse involvement 
of the small arteries of the lungs may lead to pulmonary 
hypertension. Thromboses of the involved vessels have 
been responsible for myocardial infarction, cerebrovascular 
occlusions, mesenteric infarction, and vascular insufficiency 
in the hands and fingers (Raynaud’s phenomenon). Rarely, 
ulcers of the lower part of the leg or even gangrene develop. 
The vascular changes are most often encountered in patients 
receiving steroid therapy, and there is some concern that 
the therapy may play some role in initiating these lesions. 

Muscle changes are quite frequent, but usually take the 
form of nonspecific atrophy secondary to joint dysfunction. 
Infrequently, rheumatoid nodules give rise to so-called nod- 
ular myositis. 


PATHOGENESIS. There is abundant evidence that 
the synovitis of RA is immune mediated, but the initi- 
ating cause of the autoimmune reaction remains un- 
known. The circulation and joints of nearly all patients 
with classic RA have antibodies called rheumatoid factor 
(RF) against the Fc fragment of autologous IgG.'*° These 
autoantibodies are heterogeneous and belong to the 
IgM, IgG, and IgA classes. Much, but not all, of the 
RF in the circulation and joints is formed locally in 
affected joints by the inflammatory infiltrate of activated 
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B cells and plasma cells.'*7 The serum titer of RF 
correlates roughly with the severity of the arthritis. !* 
Not only does it form complexes with autologous IgG, 
but the IgG-RF also preferentially reacts with itself 
because the self-association permits more stable double 
bonding. Thus, a whole series of immune complexes 
are formed of varying size. Complement is bound and 
activated by the immune complexes, accounting for the 
characteristic low-complement levels in the rheumatoid 
synovial effusion. The formation of chemotactic and 
vasoactive fractions of activated complement undoubt- 
edly participate in the characteristic inflammatory syn- 
ovitis, particularly in the accumulation of neutrophils in 
the joint fluid and synovial membranes during the active 
phase of the arthritis. Phagocytosis of the immune 
complexes by neutrophils and type A synoviocytes (read- 
ily demonstrated by immunofluorescent methods) fol- 
lows with the release of collagenases and neutral pep- 
tidases.'*° By immunofluorescence, collagenase can be 
identified at the cartilage-pannus junction in inflamed 
joints.“° There is abundant evidence that it is capable 
of degrading articular cartilage. The role of the pepti- 
dases in collagen degradation is still uncertain. Prosta- 
glandin E, is also present in the synovitis and has been 
shown to accelerate bone resorption by osteoclasts. !*! 
Seductive as this hypothetic sequence may appear, 
there are still major unanswered questions. What stim- 
ulates the autoimmune reaction responsible for the 
formation of RF? From time to time one or another 
bacterial or viral agent has been implicated and later 
dismissed.!*2 Theoretically, an exogenous agent might 
serve as a hapten with autologous proteins or, alterna- 
tively, induce immunogens in cells. A favored candidate 
in this connection is the Epstein-Barr virus (EBV). 
Lymphocytes transformed by EBV acquire a “rheuma- 
toid arthritis—associated nuclear antigen. !** There is an 
additional suggestion that EBV may inhibit T-suppressor 
cells, leading to abnormal regulation of B-cell formation 
of antibodies. '** However, inflammatory synovitis is not 
a significant feature of infectious mononucleosis, which 
is known to be caused by EBV. Could genetic predis- 
position in HLA-D4 and DR4 individuals potentiate the 
development of joint disease, rather than infectious 
mononucleosis? Much is speculative and there is no 
substantial documentation for a role for any microbio- 
logic etiologic agent. IgG itself has been invoked as a 
possible antigen in rheumatoid synovitis, and scattered 
reports suggest confirmational alteration of IgG in RA 
patients.'** We must accept that, for the present, the 
trigger for the autoimmune reaction is unknown. 
There are other enigmas. If RF is present in the 
circulation and forms immune complexes by self-asso- 
ciation and binding to autologous IgG, why is the major 
damage in RA localized to the joints? Moreover, is RF 
central to the pathogenesis of RA? Significantly, RF is 
also present (albeit in lower concentrations and less 
consistently) in the sera of patients with many different 
chronic infections, notably subacute bacterial endocar- 
ditis unassociated with chronic arthritis. Similar anti- 
bodies can be induced in experimental animals with 
altered autologous IgG or various bacteria without evok- 
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ing arthritis. Another question: why are aspirin and 
other nonsteroidal anti-inflammatory agents usually ben- 
eficial in the control of the acute manifestations of 
rheumatoid synovitis? Does this imply a significant 
pathogenetic role for the prostaglandins? It is evident 
that there are more questions than there are answers. 

CLINICAL Course. RA is a systemic disease of grave 
nature. Patients generally complain of fatigue, malaise, 
and low-grade fever even before the onset of actual joint 
pain or swelling. Eventually, however, the nature of 
this prodrome becomes evident by the appearance of 
joint stiffness, most pronounced in the morning imme- 
diately on waking. Occasionally, the onset is acute with 
high fever and prostration. 

Affected joints are usually enlarged, tender, and 
painful on motion and may be red and warm. With 
chronicity, these acute manifestations are replaced by 
progressive induration about the joint and increasing 
stiffness, until eventually ankylosis causes permanent 
loss of function. Classically, the enlarged joints have a 
fusiform tapered appearance with atrophy of the sur- 
rounding muscles. In the hands, clawlike deformities 
sometimes appear, with characteristic flexion contrac- 
tures or ulnar deviation of the immobilized fingers (Fig. 
28-35). The overlying skin is often shiny, red, and 
atrophic. It must again be emphasized that such classic 
joint changes represent the full-blown syndrome; often, 
at an earlier stage or in other instances, the joint 
involvement is far more subtle. 

As has already been made clear, patients with this 
disease may develop clinical manifestations of skin nod- 
ules, glaucoma, pericarditis, pleuritis; cardiac, pulmo- 
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nary, and vascular involvement; and the more specific 
findings relating to the joints. About 15% of patients 
develop Sjégren’s syndrome. Additional findings may 
include splenomegaly, lymphadenopathy, marked mus- 
cular weakness, and Raynaud's phenomenon. 

The diagnosis may be readily evident from physical 
examination or radiography of the involved joint. How- 
ever, there also are, characteristically, an elevated 
erythrocyte sedimentation rate, hypergammaglobuline- 
mia, RF in the serum, and, quite typically, a significant 
anemia. The source of the anemia is still unclear and 
has been attributed to oozing of blood into joint mem- 
branes or to impaired secretion of erythropoietin. As- 
piration of the joint fluid with the demonstration of 
white cells and poor mucin clot formation is an important 
part of the diagnostic work-up. The major features that 
differentiate this form of arthritis from the common 
osteoarthritis are detailed in Table 28—4. 

It is impossible to express a prognosis for this 
unpredictable disorder. Obviously, patients with extra- 
skeletal involvements represent a more grave expression 
of this disease. With appropriate treatment or some- 
times spontaneously, most patients are able to maintain 
an active life with recurrent exacerbations and varying 
levels of disability and discomfort. A small fortunate 
subset remits after the first acute attack, never to have 
a recurrence. There remain about 10% of patients who 
suffer progressive joint damage and dysfunction, despite 
all therapy, leading to crippling disease. RA is now the 
second commonest antecedent to secondary amyloi- 
dosis, seen in about 15 to 25% of patients with long- 
standing disease. 


Figure 28-35. Rheumatoid arthritis. Left, early 
disease, most marked in second metacarpopha- 
langeal joint where there is narrowing of joint space 
and marginal erosions on both radial and ulnar 
aspects of proximal phalanx (see inset). Right, 
more advanced disease with loss of articular car- 
tilage, narrowing of joint spaces of virtually all the 
small joints, and ulnar deviation of fingers. There 
is dislocation of second, third, and fourth proximal 
phalanges produced by advanced articular dis- 
ease. (Courtesy of Dr. John O'Connor, Boston 
University Medical Center.) 
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Table 28—4. MAJOR DIFFERENCES BETWEEN RHEUMATOID ARTHRITIS AND DEGENERATIVE JOINT DISEASE 


Rheumatoid Arthritis 


Third and fourth decades 
Normal or underweight 
Present 


Age of onset 

Weight 

Constitutional manifestations 
Joints involved 

Appearance of joints Soft tissue swelling 
Special deformities 


Subcutaneous nodules Present in 20% 


X-ray Osteoporosis, erosions 

Joint fluid Increased cells, poor mucin 
Rheumatoid factors Usually present 

Blood count Anemia and leukocytosis 
Erythrocyte sedimentation rate Markedly elevated 

Course Often progressive 

Termination Ankylosis and deformity; amyloidosis 


' Any joint (classically bilateral symmetric proximal 
interphalangeal and metacarpophalangeal joints) 


Fusiform finger joints, ulnar deviation 


Degenerative Joint Disease 


Fifth and sixth decades 

Usually overweight 

Absent 

Mainly knees, hips, spine, and 
distal interphalangeal joints 

Bony swelling 

Heberden’s and Bouchard’s nodes 

Never present 

Osteosclerosis and osteophytes 

Few cells, good mucin 

Usually absent 

Normal 

Normal 

Slow or stationary 

No ankylosis and no amyloidosis 


From Cohen, A. S., et al.: Arthritis and connective tissue disorders. /n Wilkins, R. W., and Levinsky, N. G. (eds.): Medicine, Essentials of 
Clinical Practice. 2nd ed. Boston, Little, Brown & Co., 1978, p. 597. Copyright 1978 Little, Brown & Company. 


Variants of Rheumatoid Arthritis 


Variants of RA include juvenile RA, Felty’s syn- 
drome, ankylosing spondylitis, psoriatic arthritis, ar- 
thritis associated with ulcerative colitis, arthritis associ- 
ated with Whipple's disease, and arthritis associated 
with Sjégren’s syndrome. Only the first three are de- 
scribed here; several of the others are discussed on page 
1362. 

Juvenile rheumatoid arthritis is sometimes referred 
to as Still’s disease. Approximately 5% of patients with 
RA are under 16 years of age and have the juvenile 
form of the disease. The peak incidence is between 1 
and 3 years of age, and in this age group girls are 
affected more often than boys. The disease differs from 
that in adults in several respects. It is more often marked 
by an acute febrile onset, weeks to months before joint 
manifestations appear. About one-third of patients have 
involvement of only one or a few joints, most often the 
knees or ankles. Generalized lymphadenopathy and 
hepatosplenomegaly are more prominent in this juvenile 
variant than in the adult disease. RF is present only 
infrequently. Thus, the possibility must be entertained 
that the pathogenesis of the joint involvement, which is 
morphologically similar to that of classic RA, may be 
distinct from that of the disease that occurs later in life. 
Moreover, the course of the disease is much more 
unpredictable. Some patients with involvement of a 
single or a few joints do not develop persistent, disabling 
arthritis, and after the acute attack the joint changes 
remit and do not recur. Those with the acute febrile 
onset, multiple joint involvement, and RF are more 
likely to develop crippling deformities. '“° 

Feltys syndrome is another variant of RA that 
comprises the constellation of splenomegaly, manifes- 
tations of hypersplenism such as leukopenia, and leg 
ulcers associated with the characteristic polyarticular 
RA. In these patients the hematologic derangements (p. 
1351) may dominate the clinical course. !” 


Ankylosing spondylitis, also known as rheumatoid 
spondylitis and Marie-Striimpell disease, is a distinctive 
form of inflammatory arthritis, mainly localized to the 
spine. The sacroiliac joints are always affected, but the 
hip and shoulder joints only sometimes. The peripheral 
joints are rarely involved, as in classic RA. It is a disease 
predominantly of young men and is of unknown etiology. 
There is, however, a strong association between this 
condition and HLA-B27, found in approximately 90 to 
95% of patients. Hereditary influences appear to play a 
role, because about one-quarter of close relatives also 
have symptomatic or asymptomatic spondylitis. There 
is also a well-defined association of ankylosing spondy- 
litis with ulcerative colitis (p. 859) and regional enteritis 
(p. 836). All these findings have led to the suspicion 
that this condition represents an immune response in 
genetically predisposed individuals to one or more in- 
fectious agents or their products. The anatomic changes 
encountered in the spine, hips, shoulders, and sacroiliac 
joints are indistinguishable from those of RA and have 
the same consequences, fibrous and bony ankylosis. As 
a result, vertebral mobility is impaired, and in severe 
cases there is fusion of the vertebral bodies and immo- 
bilization of affected regions of the spine. A stooped 
posture, marked dorsal kyphosis, and marked disability 
may result. These limitations may be worsened by hip 
and shoulder involvement. 


ARTHRITIS ASSOCIATED WITH RHEUMATIC 
FEVER 


It will be remembered that acute rheumatic fever 
is classically associated with a migratory polyarthritis. 
Although such joint involvement is a principal clinical 
manifestation of this disease, the arthritic involvement 
usually spontaneously or with appropriate therapy sub- 
sides to leave no permanent residual. It is the heart 
that bears the brunt of the destructive effects of this 
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systemic inflammation. For further details on the nature 
of the joint involvement, reference should be made to 
Chapter 13. 
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GOUT AND GOUTY ARTHRITIS 


Gout may appear in any individual with hyperuri- 
cemia. The disease is characterized at the outset by 
transient but recurrent attacks of acute arthritis, evoked 
by precipitation into the joint spaces of monosodium 
urate crystals from supersaturated body fluids. Over the 
span of years, acute attacks of arthritis lead eventually 
to chronic disabling arthritis and focal deposits of urates 
in other tissues, e.g., joint capsules, perichondrial tis- 
sues, bursae, heart valves, and kidneys, creating inflam- 
matory foci known as tophi. Hypertension is a frequent 
concomitant, for reasons poorly understood. Although 
hyperuricemia is fundamental to all these tissue 
changes, it is not the sole determinant. Therefore, a 
clear distinction should be made between hyperuri- 
cemia, which is a chemical abnormality, and gout, which 
is a disease. A plasma urate level above 7 mg/dl is 
considered elevated, since it exceeds the saturation 
value for urate at 37°C and pH 7.4. By this definition, 
2 to 18% of the population of the Western world has 
hyperuricemia, but the incidence of gout ranges from 
0.13 to 0.37%. Clearly, factors other than hyperuricemia 
(some to be discussed later) are also involved ‘in the 
pathogenesis of gout. 

CLASSIFICATION. It is customary to classify gout into 
primary and secondary groups. Primary gout is a genetic 
disorder in which the underlying biochemical defect 


causing the hyperuricemia is unknown, or if known, the 
main manifestation of the defect is gout (Table 28-5). 
Approximately 90% of all cases of gout are primary, and 
since the metabolic defect is not known in most of them, 
they are referred to as primary idiopathic gout. Individ- 
ually rare are those cases of primary gout that are due 
to well-defined errors of metabolism such as a partial 
deficiency of hypoxanthine-guanine phosphoribosyl- 
transferase (HGPRT) or increased activity of PP-ribose- 
P synthetase (Table 28-5). Secondary gout, on the other 
hand, refers to those cases in which hyperuricemia is 
secondary to some other disorder such as excessive 
breakdown of cells or some form of renal disease. Also 
included in this category are certain well-defined genetic 
diseases such as the Lesch-Nyhan syndrome and Type 
I glycogen storage disease, in which gout is not the 
main or the presenting clinical manifestation. Secondary 
gout accounts for no more than 5 to 10% of all cases, 
and hence the following remarks will be mostly limited 
to primary gout, with only scattered references to the 
less common forms. 

INCIDENCE. Primary gout is a familial disease that 
appears predominantly in adult males (approximately 
95% of cases). Affected females are almost always post- 
menopausal, presumably owing to the normal lower 
serum urate concentrations during the reproductive 
period. Gout is rare in children; when encountered in 
this group, it is usually associated with one of the well- 
defined errors of metabolism. The mode of transmission 
of primary gout is poorly understood, and indeed, in 
view of the large numbers of metabolic errors that can 
give rise to hyperuricemia (discussed below), many 
genotypic variants are likely. Multifactorial inheritance, 


Table 28-5. CLASSIFICATION OF HYPERURICEMIA AND GOUT 


Type 


Primary (90% of All Cases) 
Molecular defects undefined (idiopathic) 
Normal excretion (85-90% of primary 
gout) 
Overexcretion (10-15% of primary gout) 
undefined) 
Associated with specific enzyme defects 
PRPP variants; increased activity 
Hypoxanthine-guanine 
phosphoribosyltransferase deficiency 
(partial) 


Secondary (10% of All Cases) 

Associated with increased nucleic acid 
turnover 

Associated with specific enzyme defects 
Glucose-6-phosphatase deficiency or 

absence 

Hypoxanthine-guanine 
phosphoribosyltransferase deficiency 
“virtually complete” 

Associated with decreased excretion of uric 
acid 


Gierke) 


syndrome 


Metabolic Disturbance 


Overproduction of uric acid or underexecution of 
uric acid or both (specific defects undefined) 


Overproduction of uric acid (specific defects 


Overproduction of PRPP and of uric acid 
Overproduction of uric acid; increased purine 
biosynthesis de novo driven by surplus PRPP 


Overproduction of uric acid; Lesch-Nyhan 


Inheritance 


Multifactorial 


Multifactorial 


X-linked 
X-linked 


Overproduction of uric acid (chronic hemolysis, 
polycythemia, leukemia, lymphoma) 

Overproduction plus reduced renal clearance of 
uric acid; glycogen storage disease, type | (von 


Autosomal recessive 


X-linked 


Reduced renal functional mass; inhibited tubular 
secretion of uric acid or enhanced tubular 


reabsorption of uric acid, or both 
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Adapted from Wyngaarden, J. B., and Kelley, W. N.: Gout. /n Stanbury, J. B., et al. (eds.): Metabolic Basis of Inherited Disease. 5th ed. 


New York, McGraw-Hill Book Co., 1982, p. 1043. 


with involvement of several genes and environmental 
factors (e.g., alcohol, diet, and drugs), seems to be the 
most likely mode of transmission of primary idiopathic 
gout. As many as 25% of the asymptomatic blood 
relatives of a patient with familial gout can be shown to 
be hyperuricemic. 

PATHOGENESIS. The pathogenesis of gout is the 
pathogenesis of hyperuricemia. There are many causes 
of an increase in the uric acid level in body fluids, and 
gout therefore has many origins. It may be more accu- 
rate to say that gout is a constellation of hyperuricemic 
syndromes. Some result from overproduction of uric 
acid, others from retention of uric acid because of some 
renal abnormality, and many from a combination of 
both. 

Metabolic studies indicate that approximately 70% 
of patients with primary gout have increased synthesis 
of uric acid. Despite overproduction of uric acid, its 
urinary excretion is normal (580 to 600 mg per day) in 
85 to 90% of patients on a purine-free diet.'*® However, 
normal urinary excretion in the face of hyperuricemia 
may reflect a state of relative underexcretion of uric 
acid in these patients. An increased urinary excretion 
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(greater than 600 mg per day) is seen in only 10 to 15% 
of the overproducers. Approximately one-third of all 
patients with primary gout fail to reveal any evidence 
of increased uric acid synthesis. In this group, hyperur- 
icemia seems to be a direct result of some primary renal 
abnormality that selectively impairs the excretion of 
even normal amounts of uric acid. Thus, in terms of 
uric acid synthesis and excretion, patients with primary 
gout may be divided into three categories: (1) a majority 
with overproduction and relative underexcretion, (2) a 
significant minority (approximately 30%) with impaired 
renal excretion without overproduction, and (3) a small 
group with overproduction as well as overexcretion of 
uric acid. To facilitate further discussion of the patho- 
genesis of gout, the possible mechanisms of increased 
uric acid synthesis and reduced renal excretion will be 
considered separately, although both coexist to some 
degree in most patients. 

Overproduction of uric acid is best considered in 
the context of normal purine metabolism, presented in 
skeletal detail in Figure 28-36. For more details, ref- 
erence may be made to specialized texts.'** Purine 
nucleotides (i.e., guanylic acid, inosinic acid, and ad- 
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Figure 28-36. Outline of purine metabolism. (1) Amidophoshoribosyltransferase; (2) hypoxanthine- 
guanine phosphoribosyltransferase; (3) PP-ribose-P synthetase; (4) adenine phosphoribosyltransfer- 
ase; (5) adenosine deaminase; (6) purine nucleoside phosphorylase; (7) 5’-nucleotidase; (8) xanthine 
oxidase. (From Kelley, W. N., and Wyngaarden, J. B.: Clinical syndromes associated with hypoxan- 
thine-guanine phosphoribosy! transferase deficiency. In Stanbury, J. B., et al. (eds.): Metabolic Basis 
of Inherited Disease. New York, McGraw-Hill Book Co., 1982, p. 1115. Copyright © 1982 by McGraw- 
Hill, Inc. Used by permission of McGraw-Hill Book Company.) 
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enylic acid) can be synthesized by one of two pathways. 
In the so-called de novo pathway, the starting substrate 
is ribose-5-phosphate, which is converted initially to 5- 
phosphoribosyl-l-pyrophosphate (PRPP) and then to 
inosinic acid and other purine nucleotides (Fig. 28-36). 
The key rate-limiting step in this pathway is the synthe- 
sis of 5-phosphoribosyl-l-amine from its precursors glu- 
tamine and PRPP. This reaction is catalyzed by amido- 
phosphoribosyltransferase. This enzyme is subject to 
feedback inhibition by purine nucleotides and is con- 
verted to an active form by increased concentration of 
its substrate PRPP. The other pathway for the synthesis 
of purine nucleotides involves “salvage” of free purines 
derived from food or breakdown of nucleic acids. In the 
so-called salvage pathway, hypoxanthine-guanine phos- 
phoribosyltransferase (HGPRT) reconverts hypoxan- 
thine and guanine into inosinic and guanylic acids, 
respectively, and another enzyme, adenine phosphori- 
bosyltransferase (APRT), catalyzes the formation of ad- 
enylic acid from adenosine. In these conversions PRPP, 
a key substrate in the de novo pathway, is also con- 
sumed. Uric acid, the common degradation product of 
the various purine components, cannot be broken down 
further because humans lack the enzyme uricase. 
Three important control points have been identified 
in the purine metabolic pathways: (1) the activity of 
HGPRT, the enzyme involved in the synthesis of guan- 
vlic and inosinic acid by the salvage pathway; (2) the 
level of PRPP, which in turn depends on the activity of 
the enzyme PRPP synthetase and utilization by the 
salvage pathway; and (3) the activity of amidophospho- 
ribosyltransferase, which, as indicated earlier, is subject 
to feedback inhibition by purine nucleotides. Two rare 
inborn errors of metabolism (discussed briefly below) 
that affect the levels of these key enzymes and substrates 
and are associated with hyperuricemia and gout add 
much to an understanding of purine metabolism. 
HGPRT deficiency in the pathogenesis of hyperur- 
icemia was recognized with the identification of the 
Lesch-Nvhan syndrome. It is characterized by an almost 
complete deficiency of this enzyme.’ An X-linked 
disorder seen only in males, it is associated with severe 
neurologic disease marked by choreoathetosis, spastic- 
ity, self-mutilation, mental and growth retardation, hy- 
peruricemia, and hyperuricosuria with uric acid calculi. 
Typical gouty arthritis is neither common nor a promi- 
nent clinical feature, and therefore the Lesch-Nyhan 
syndrome is usually considered an example of secondary 
gout. Since the original discovery of the Lesch-Nyhan 
syndrome, some cases of primary gout have been found 
to be caused by a partial deficiency of HGPRT. Affected 
males usually have severe gouty arthritis, with onset at 
a young age (15 to 30 years), hyperuricaciduria, and a 
hith incidence of renal stones. Neurologic manifesta- 
tions that dominate the Lesch-Nyhan syndrome are 
either absent or relatively mild. Two mechanisms may 
be involved in the overproduction of uric acid in such 
patients with a partial or complete deficiency of HGPRT 
and consequent impairment of the salvage pathway. The 
most important is believed to be an accumulation of 


THE MUSCULOSKELETAL SYSTEM 


PRPP resulting from its underutilization. Second, re- 
duced reconversion of hypoxanthine and guanine to 
guanylic and inosinic acid dampens the feedback inhi- 
bition exerted on amidophosphoribosyltransferase (Fig. 
28-36). High levels of PRPP also favor the conversion 
of amidophosphoribosyltransferase to its active form. All 
these greatly augment purine biosynthesis by the de 
novo pathway, resulting eventually in excessive synthe- 
sis of the end product, uric acid. 

Increased PRPP synthetase activity has been iden- 
tified in several families with mutant synthetase having 
increased enzyme attivity.'* As a result, there is an 
increase in intracellular PRPP, which stimulates purine 
biosynthesis by the de novo pathway and eventually 
leads to hyperuricemia. Like HGPRT deficiency, this is 
an X-linked disorder with the onset of gout in the 
second or third decade and a high incidence of renal 
stones. 

Still other metabolic errors have been proposed as 
potential causes of hyperuricemia and primary gout, but 
these two are the only examples in which the biochem- 
ical basis of uric acid overproduction is reasonably well 
understood. Collectively, however, they account for less 
than 15% of cases with overproduction of uric acid. In 
most patients with primary gout, the cause of increased 
uric acid synthesis is still unknown. 

Reduced excretion of urates, as mentioned earlier, 
seems to be the main and possibly the only abnormality 
in at least 30% of cases of primary gout (those with 
normal synthesis of uric acid). Relative underexcretion 
may also play a role in overproducers of uric acid (p. 
1357). For a remarkably clever organ, the kidney has 
an extraordinarily cumbersome method of excreting 
urate. It involves glomerular filtration, tubular reab- 
sorption, tubular secretion, and finally postsecretory 
reabsorption.'? As a result of all this peregrination, 
approximately 12% of the filtered urate is excreted in 
the urine. Many patients with primary idiopathic gout 
have a tubular defect in the excretion of uric acid. On 
average their kidneys require a plasma urate | to 2 mg/ 
dl higher than that needed by normal individuals to 
achieve a comparable rate of excretion. Which aspect of 
the devious tubular urate pathway is to blame for this 
defect is not entirely clear. 

In contrast with primary gout, the causes of uric 
acid overproduction in most forms of secondary gout 
are fairly straightforward. Many are associated with 
excessive breakdown of cells and increased turnover of 
nucleic acids (e.g., myeloproliferative disorders, leuke- 
mias, chronic hemolytic anemias, and multiple mye- 
loma) and a consequent increase in the breakdown of 
purines to uric acid. In all these cases there is an 
increased excretion of urates in the urine. In a few 
patients with secondary gout, overproduction of uric 
acid results from inborn errors of metabolism in which, 
as mentioned earlier, gout is not the major clinical 
feature. One such condition is the Lesch-Nyhan syn- 
drome. Another is Type I glycogen storage disease (von 
Gierke’s disease, p. 150), in which the inability to 
convert glucose-6-phosphate to glucose leads secondar- 


ily to excessive production of lactate. Hyperlactic aci- 
demia stimulates purine biosynthesis and impairs the 
renal clearance of urate by poorly understood mecha- 
nisms. As a result, hyperuricemia in these patients is 
often marked. 

Reduced excretion of uric acid in chronic renal 
diseases such as glomerulonephritis, pyelonephritis, and 
polycystic kidney disease may also produce secondary 
gout. Both reduced glomerular filtration and impaired 
tubular secretion of urate are probably involved. Ex- 
trarenal factors may also compromise renal urate clear- 
ance. For example, lactic acidosis secondary to uncon- 
trolled diabetes mellitus, alcohol ingestion, or von 
Gierke’s disease can give rise to hyperuricemia, as noted 
above. The well-known association between diuretic 
therapy and hyperuricemia may also have renal origins. 
Still unknown is the basis of the increase in plasma 
urates associated with endocrinopathies such as hypo- 
thyroidism, hyperparathyroidism, and hypoparathyroid- 
ism, although redyced renal clearance is suspected. 
With all these uncommon causes of secondary hyperur- 
icemia, gout is rarely a clinical problem. 


MORPHOLOGY. Both morphologically and clinically, the 
distinctive features of gout are (1) acute arthritis, (2) chronic 
tophaceous arthritis, and (3) tophi in soft tissues. 

Acute arthritis represents an acute inflammatory syn- 
Ovitis accompanied by a rich outpouring of polymorphonu- 
clear leukocytes and macrophages, secondary to the for- 
mation of microcrystals of urates in the joint effusion. In 
order of frequency, joints of the great toe (85% of patients), 
instep, ankle, heel, and knee are involved, but ultimately any 
joint in the body may be affected. In most patients, however, 
involvement is limited to the legs. Typically, one or two joints 
are affected at one time, but rarely the disease is polyartic- 
ular. There is little doubt that the acute attack of arthritis is 
triggered by the formation of monosodium urate (MSU) 
crystals within the joint fluid and the synovial membrane. 
However, the precise sequence of events leading to crystal 
formation and the relative roles of various inflammatory 
mediators are still uncertain. Some mechanisms believed to 
be relevant are (1) crystal-induced activation of Hageman 
factor, which in turn leads to the generation of a variety of 
proinflammatory molecules including kallikrein, kinins, and 
complement fractions (p. 53); (2) direct activation of comple- 
ment, particularly C5, with the formation af chemotactic split 
products; and (3) phagocytosis of the MSU crystals by 
leukocytes. The following sequence is thought to occur: (1) 
MSU crystals avidly adsorb proteins, particularly albumin 
and IgG, in the synovial fluid, which facilitates their ingestion 
by neutrophils;'®° (2) the neutrophils release a chemotactic 
glycoprotein (molecular weight 8400) derived presumably 
from lysosomes, and there is some leakage of lysosomal 
enzymes during phagocytosis; (3) digestion of the protein 
coat of the crystals in the phagolysosome brings them into 
direct contact with the inner lysosomal membranes, where 
their weakly acidic groups damage the phagolysosomal 
membranes by hydrogen bonding with the phosphate esters 
of the phospholipids; (4) further leakage of lysosomal en- 
zymes follows, with eventual destruction of the leukocytes; 
and (5) the released crystals are once again coated by 
proteins and reingested by incoming leukocytes, thus per- 
petuating the inflammatory cycle. As discussed in Chapter 
2, lysosomal enzymes are powerful promoters of the inflam- 
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matory response, and high levels of several inflammatory 
mediators (kinins, complement fractions), discussed above, 
are found in the synovial fluid during spontaneous attacks 
of gout. The most recent addition to this list is leukotriene 
B, (p. 54), a powerful chemotactic agent that also causes 
aggregation of leukocytes along the venular endothelium.'* 
The relative role and specificity of various chemical media- 
tors in the pathogenesis of acute gouty arthritis are still not 
clear, but the significance of the leukocyte-crystal interaction 
is well established. Indeed, the therapeutic effect of colchi- 
cine in terminating an acute attack of gout is best explained 
by its ability to block several leukocyte functions (adhesive- 
ness, migration, and movement of lysosomal granules), 
which depend on the integrity of the cytoskeleton. 

Although the mechanisms outlined above provide a 
reasonable explanation for joint inflammation, unresolved 
questions persist. What favors the microcrystallization of 
urates in joint fluids rather than in the normal transudates 
found within the pericardial and pleural cavities? Why are 
some joints affected while others are spared? Why is there 
no good relationship between the level of hyperuricemia and 
the frequency of attacks of gout? Why are the acute attacks 
of gout self-limited? Some suggestions have been offered. 
Since the insolubility of urates is significantly reduced at 
lower temperatures, the tendency for the involvement of 
peripheral joints may be related to their lower temperature. 
Cartilage and synovial fluid contain proteoglycans, some of 
which enhance the solubility of urates. Alterations in the 
structure or content of proteoglycans brought about by 
trauma, aging, or perhaps genetic factors may favor local 
decrease in the solubility with formation of crystals. It is 
interesting to note that MSU crystals have also been found 
in the synovial fluid of asymptomatic hyperuricemic gybjects, 
but these differ in shape and size from the crystals gegn in 
inflamed joints. Thus, the structure of the crystals may also 
be a variable. To explain the self-limited nature of acute 
gouty arthritis, it has been suggested that elevation of the 
local temperature brought about by inflammation favors the 
solubilization of urate crystals, and the increased blood flow 
tends to wash the dissolved urates out of the joint. 

Chronic arthritis evolves from the progressive precip- 
itation of urates into the synovial linings of joints following 
recurrent attacks of acute arthritis. The urates may heavily 
encrust the articular surfaces (Fig. 28-37). Synovial prolif- 
eration and pannus formation follows and destroys the 
underlying articular cartilage. With progression, the subarti- 
cular bone becomes involved. In time, destruction of sub- 
chondral bone, proliferation of marginal bone, and some- 
times fibrous or bony ankylosis ensue, ultimately to cause 
chronic disabling arthritis. Deposits of urates may appear in 
the periarticular tissues (Fig. 28-38). 

The tophus is the pathognomonic lesion of gout—a 
mass of urates, crystalline or amorphous, surrounded 
by an intense inflammatory reaction, composed of magr 
rophages, lymphocytes, fibroblasts, and extraordinary 
foreign body giant cells (Fig. 28—39). The giant cells are 
distinctive and often appear as extended cytoplasmic 
masses, partially encircling the central aggregation of urates. 
Tophi commonly occur in the helix or antihelix of the ear, 
the olecranon and patellar bursae, and periarticular liga- 
ments and connective tissues. In the kidney, tophi tend to 
be deposited in the medulla or pyramids and evoke a 
surrounding typical inflammatory reaction in the tubular in- 
terstitium. Less frequently, tophi are found in the skin of the 
fingertips, palms, or soles; nasal cartilages; aorta; myocar- 
dium; and aortic or mitral valves. Very rarely, tophi form in 
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Figure 28-37. Gouty deposits on patella. Articular surfaces of 
patellas are encrusted with white deposits of urates. 


the eyes, tongue, larynx, penis, testis, or marrow cavities of 
bone, such as in the marrow spaces adjacent to interverte- 
bral discs of the spine.'®? Tophi do not develop in the central 
nervous system, because of the relative impermeability of 
the blood-brain barrier to uric acid. The urate crystals are 
water soluble, and nonaqueous fixatives such as absolute 
alcohol are necessary to preserve them in histologic section. 


When preserved, they are brilliantly anisotropic when viewed 
with polarized light, or are demonstrable as crystalline or 
amorphous masses with silver staining techniques. 

The kidneys are often involved in gout. The most 
distinctive renal change is the formation of tophi within the 
pyramids or medulla seen grossly as small white specks or 
radiating lines. Several other changes may be present, 
including hyalinization of glomeruli, tubular atrophy or dila- 
tation, interstitial fibrosis, pyelonephritis, and arteriolar neph- 
rosclerosis; these are described in detail in Chapter 21. In 
the belief that they are somehow caused by hyperuricemia, 
these lesions collectively have been designated “gouty ne- 
phropathy.” However, careful studies indicate that chronic 
hyperuricemia itself does not injure the kidney, and that the 
incidence of renal dysfunction in patients with gout is no 
greater than in age-matched groups with a comparable 
degree of hypertension, diabetes, primary renal disease, and 
urinary obstruction.'® It has been suggested that, in some 
patients at least, concomitant chronic lead toxicity may play 
a role. 

Uric acid stones are found in the urinary tract in 10 to 
25% of patients with gout. Their formation is related to both 
the serum and urinary urate levels. In persons who excrete 
more than 1100 mg of urate per 24 hours, the incidence of 
stones reaches 50%. Secondary complications of obstructive 
uropathy follow in these patients. 

There are several other poorly understood associations 
with gout. Patients with gout seem to have a higher incidence 
of obesity, hypertriglyceridemia, diabetes mellitus, and hy- 
pertension. In none of these instances has a causal relation- 
ship with high uric acid levels been established. 


CLINICAL CORRELATION. The natural history of gout 
evolves through three well-defined clinical phases: (1) 
asymptomatic hyperuricemia, (2) recurrent attacks of 
acute gouty arthritis interspersed with asymptomatic 
(intercritical) intervals, and (3) chronic gouty arthritis. 

A long period of asymptomatic hyperuricemia al- 
most always precedes the first acute attack of arthritis. 
As mentioned earlier, most hyperuricemic patients 
never develop symptomatic gout. The likelihood of 
developing the disease is correlated with both the 
duration and level of the hyperuricemia. Long-term 
studies indicate that patients who develop clinical dis- 


Figure 28-38. Cross section of periar- 
ticular tissues of metatarsophalangeal joint 
with massive white amorphous urate dep- 
osition in all layers up to the skin. 


~~ 


ease, most often in the fifth or sixth decades of life, 
usually have had an abnormal level of uric acid in the 
blood since puberty in the male and the menopause in 
the female. 

Acute gouty arthritis is characterized by the sudden 
onset of pain, almost always in a peripheral joint, usually 
in the lower extremity. At least 50% of the initial attacks 
involve the first metatarsophalangeal joint. The affected 
joints are swollen and exquisitely tender. Chills and 
fever may also accompany the acute attack. In some 
patients a history can be obtained of some unusual form 
of stress immediately preceding the acute attack, e.g., 
physical or emotional fatigue, an alcoholic spree, or 
dietary overindulgence. The initial attack usually sub- 
sides with therapy or spontaneously in a few days to a 
few weeks, and is followed by an asymptomatic phase 
that may last from a few months to many years, or, in 
the particularly fortunate patient, for a lifetime. More 
often, however, a recurrence of the arthritis is experi- 
enced within several months to a few years, with 
increased likelihood of other joint involvement, longer 
duration of the acute phase, and more severe signs and 
symptoms. 

Chronic gouty arthritis is the most disabling phase 
of the disease. It generally follows multiple recurrences 
of acute arthritis over the span of years. The time from 
the initial attack to chronic gouty arthritis averages about 
a decade, but may range up to four decades. Obviously, 
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Figure 28-39. A tophus of gout. The group of slender urate crystals is surrounded by a reaction of 
fibroblasts, occasional lymphocytes, and giant cells. 


treatment for hyperuricemia and acute arthritis signifi- 
cantly reduces the risk of development of this chronic 
phase of disease, which appears now in only 15 to 20% 
of patients under treatment. The appearance of the 
chronic involvement is insidious and may not become 
apparent until tophi can be palpated in the soft tissues 
about the joint, or until it is documented by radiographic 
evidence of joint damage. Limitation of motion ranges 
from mild to severe. Surprisingly, the soft tissue tophi 
are remarkably painless and nontender. With progres- 
sion, the skin overlying affected joints sometimes be- 
comes tense, shiny, and red, with obvious distortion of 
the symmetry of the affected part. For unknown reasons, 
with the development of the chronic phase of the 
disease, the attacks of acute arthritis tend to subside. 

Gouty patients are at increased risk of developing 
uric acid urinary stones, particularly those who excrete 
excessive amounts of uric acid. Evidence of renal disease 
is encountered in 20 to 40% of patients, but its relation- 
ship to hyperuricemia is unclear (p. 1052). 

The diagnosis of gout should not be missed by 
clinicians, because it affords them the uncommon and 
splendid opportunity of “doing good.” An extensive 
armamentarium of drugs is available to inhibit uric acid 
synthesis, lower serum uric acid levels, abort or prevent 
acute attacks of arthritis, and mobilize tophaceous de- 
posits. Generally, gout does not materially shorten the 
span of life, but it certainly may impair its quality. 
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Joint disease not conforming to any of the well- 
defined patterns already described is encountered in 
association with a number of systemic disorders. The 
anatomic changes in these diverse arthropathies are not 
sufficiently well characterized to merit detailed descrip- 
tion, and so are included here in capsule form. 

Chondrocalcinosis, also called pseudogout, is an 
inflammatory arthritis caused by the deposition of cal- 
cium pyrophosphate crystals in the synovial fluid and 
articular cartilage. The knee and other large joints are 
most frequently affected. This pattern of articular dis- 
ease is associated with hemochromatosis, ochronosis, 
hyperparathyroidism, hypothyroidism, Wilson's disease, 
diabetes mellitus, and other metabolic disorders. The 
calcification of the joint cartilage and synovium may 
lead to an acute edematous arthropathy or, in the later 
stages, to degeneration and fragmentation of the carti- 
lage. The sudden onset of the arthritis in some individ- 
uals accounts for the designation pseudogout. In other 
instances it is more insidious and chronic in nature and 
may mimic rheumatoid disease. 

Reiter's syndrome is an uncommon disorder char- 
acterized by arthritis, urethritis, conjunctivitis, and mu- 
cocutaneous lesions. It usually begins with urethritis 
(after a sexual exposure), followed by the other features 
of the syndrome in days to a few weeks. Although it is 
currently thought to represent a chlamydial infection 
with involvement of multiple sites in the body, no 
etiologic agent has been firmly implicated. There is, 
however, a strong association with HLA-B27. The ar- 
thritis is a nonspecific, acute inflammatory reaction 
indistinguishable from other arthropathies of infectious 
or immunologic origin. 

Arthritis is a common complication of ulcerative 
colitis that appears in 20 to 25% of patients. It may 
involve peripheral joints or the vertebral column (spon- 
dylitis). The arthropathy of the peripheral joints takes 
the form of a nonspecific, acute inflammatory synovitis 
analogous to that seen in acute rheumatoid disease, 
except that it is not progressive, is not accompanied by 
pannus formation, and usually subsides without resid- 
uals within weeks to months. The involvement of the 
vertebral column takes the form of ankylosing spondy- 
litis indistinguishable from that already described (p. 
1351). 

Psoriatic arthritis appears in approximately 5% of 
patients with this common skin disease (p. 1291). A 
number of clinical subsets can be distinguished, but the 
three most common patterns of arthropathy are (1) 
monoarticular or oligoarticular arthritis of the small 
joints of the hands and feet, (2) a symmetric multijoint 
involvement simulating rheumatoid arthritis, and (3) 
ankylosing spondylitis and sacroiliitis. Whatever the 
clinical pattern and particular joint involved, the 
changes closely resemble those described in rheumatoid 
disease, and indeed may lead to joint destruction and 
limitation of motion. As with the ankylosing spondylitis 
described earlier, psoriatic spondylitis has a strong 


association with HLA-B27. Although it is tempting to 
consider all forms of psoriatic arthritis as rheumatoid 
disease in patients with the skin condition, rheumatoid 
factor is almost never present. 


TUMORS 
SYNOVIOSARCOMA 


Synoviosarcomas, sometimes erroneously called 
synoviomas, are uncommon malignant tumors that occur 
most often in the deep soft tissues of the lower and 
upper extremities. They are thought to arise from 
synovial lining cells more often of bursae and tendon 
sheaths than of joints, and thus are generally found 
within or in proximity to skeletal muscle. A significant 
number of these lesions occur at sites apparently re- 
moved from normal synovium, usually in association 
with fascial sheaths of muscle. In support of a synovial 
derivation of synoviosarcomas wherever they arise is 
their usual biphasic histology—one component being 
epithelial-like cells resembling synoviocytes that often 
form slitlike clefts or ductal spaces, and the other 
component taking the form of spindled fibroblastic mes- 
enchymal cells. This concurrence of cell types recapi- 
tulates the derivation of cuboidal-to-columnar synovial 
lining cells from more primitive mesenchymal cells. Not 
surprisingly, about one-third of these cancers are mon- 
ophasic and composed solely of either fibroblast-like 
mesenchymal cells or, more rarely, only epithelial-like 
cells.’** There is still considerable controversy about the 
interpretation of monophasic lesions as synoviosarcomas, 
because obviously there are many other forms of spindle 
cell sarcomas (e.g., fibrosarcoma, leiomyosarcoma, and 
neurogenic sarcoma) and the monophasic tumor com- 
posed only of epithelial-like cells must be differentiated 
from carcinoma. 

The synoviosarcoma may appear at any age, with a 
peak incidence in the third and fourth decades of life. 
Both sexes are affected about equally. Two-thirds arise 
in the lower extremity from the buttock and groin to 
the foot; almost all the remainder are located from the 
shoulder to the forearm. Rarely, they arise in the neck 
but almost never within the mediastinum and retroper- 
itoneum.’”° 


Grossly, the neoplasm appears as a deceptively circum- 
scribed, gray-white mass sometimes having focal areas of 
pale necrosis and hemorrhage and, of particular importance, 
areas of gritty calcification that provide diagnostic clues on 
radiography (Fig. 28-40). Occasional lesions are overtly 
infiltrative. More readily recognized microscopically are the 
biphasic lesions. The epithelial-like element may appear as 
solid nests of polygonal cells sometimes having cleared 
cytoplasm, or may take the form of cuboidal-to-columnar 
cells enclosing slitlike spaces or surrounding apparent tu- 
bules or ducts (Fig. 28-41). Occasionally, small papillary 
excrescences project into the enclosed spaces, which often 
contain mucicarmine-positive and PAS-positive secretion 
(Fig. 28-42). Enclosing this epithelioid component is a 
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Figure 28-40. Synoviosarcoma. Deceptively discrete mass arising in tendon sheaths. 


monotony of spindle cells resembling those in many other 
types of sarcoma. Transition forms between spindle and 
epithelioid cells are occasionally seen. Monophasic syno- 
viosarcomas are composed solely of one or the other of the 
two components described. 

Certain features help to identify synoviosarcomas, par- 
ticularly the monophasic variants. Within the spindle cell 
areas there may be thick collagen bundles that sometimes 
appear almost osteoid-like. Focal calcifications are seen in 
both biphasic and monophasic patterns, and sometimes in 


Figure 28—41. High-power detail of biphasic cell morphology. 


the former there are psammoma-like bodies within the tips 
of papillary excrescences. On electron microscopy, both 
epithelioid and spindle cells often reveal microfilaments as 
well as surface microvilli or filopodia. Both types of cells may 
also have desmosomes and hemidesmosomes."® Also help- 
ful is the recent observation that both the spindle-cell and 
epithelial-like Components often contain keratin proteins 
when stained with the immunoperoxidase method, analo- 
gous to the positive reaction encountered with malignant 
mesotheliomas. '*” 
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Figure 28-42. Low-power detail of a synoviosarcoma, illustrating 
cleftlike spaces lined by glandlike epithelium and the formation of 
papillary projections. 
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Clinically, these tumors present as slowly enlarg- 
ing, painless masses either palpable in the deep soft 
tissues or readily evident as distortions of the contour 
of the extremity. They are highly aggressive cancers 
and often have metastasized widely by the time of 
diagnosis, particularly to the lungs and pleura. Often, 
cardiopulmonary insufficiency is the cause of death. 
Even in the absence of metastases, recurrences follow 
wide surgical excision or amputation in over half of the 
patients. The recurrence may be delayed for decades. 
Until recently, the five-year survival with surgery alone 
averaged about 50%. Factors favorably influencing the 
prognosis are small size (i.e., less than 5 cm in diame- 
ter)—about 70% five-year survival—and peripheral pri- 
mary location—about 55% five-year survival. Still un- 
settled is the question whether the biphasic or 
monophasic tumor carries a better prognosis.*** °° Cur- 
rently, additional modalities of therapy have been added 
to surgical excision, including radiation, chemotherapy, 
and regional perfusion, but the five-year results of these 
varying combinations are not yet available. 


MALIGNANT FIBROUS HISTIOCYTOMA 


A number of seemingly disparate neoplasms are 
composed of varying proportions of spindled fibroblastic 
cells; plump, sometimes lipid-laden histiocytes; and 
intermediate forms admixed with a variable number of 
foreign body—type, multinucleate giant cells. The be- 
nign variants are also called fibrous xanthomas, xantho- 
fibromas, dermatofibromas, sclerosing hemangiomas, 
and giant cell tumors of tendon sheath origin. These 
were described on page 1267. Despite the dominant 
contributions of apparent fibroblasts and histiocytes to 
the morphology of these neoplasms, the precise histo- 
genesis of these cell types is still controversial. On the 
one hand, it is proposed that multipotential mesenchy- 
mal cells are the progenitors of all the cell types; on the 
other, the histiocyte is held to be the progenitor, which 
then differentiates into the other mesenchymal types. 
This issue is still under study and need not concern us 
further.'®® It suffices that, under the electron micro- 
scope, cells having the ultrastructural features of fibro- 
blasts and/or histiocytes admixed with occasional myofi- 
broblasts and undifferentiated cells can be identified in 
all the benign and malignant variants. 

. Here our attention is directed to the malignant 
fibrous histiocytoma (MFH) of bones and soft tissues. 
Basically it is a pleomorphic sarcoma having fibroblast- 
like and histiocyte-like cells usually accompanied by 
pleomorphic tumorous giant cells. Occasional neoplasms 
are largely monomorphic and mimic fibrosarcomas or 
malignant histiocytosis. In still other instances they have 
a rich myxoid component simulating rhabdomyosar- 
coma, or are sufficiently lipid laden to be confused with 
liposarcoma.!*? The diagnosis of MFH involves, then, 
the exclusion of many histologically similar neoplasms. 

These cancers may arise in soft tissues or bones, 
most often in adults, with a 2:1 male preponderance. 


Although it is distinctly uncommon before the fourth 
decade of life, children and adolescents are sometimes 
affected. The soft tissue lesions are found in the lower 
extremity (approximately 50%), upper extremity (ap- 
proximately 20%), or abdominal cavity including retro- 
peritoneum (approximately 20%). Over half arise in 
relation to skeletal muscle but some involve the deep 
fascia or, less often, subcutaneous tissues. The osseous 
tumors tend to occur as unifocal lesions in the bones 
around the knee, but more proximal and distal lower 
extremity locations and origin in the pelvis or upper 
extremity have also been recorded. Rarely, MFH of 
bone appears to be multicentric, arising in two or more 
bones simultaneously. ‘© 


The soft tissue MFH presents as a multilobulated, gray- 
white, sarcomatous mass, usually deceptively circumscribed. 
Some neoplasms, however, are obviously infiltrative, and 
others are sufficiently hemorrhagic to mimic a hematoma. 
Bony lesions may arise in any location within the individual 
bone, usually somewhere within the metaphyseal region. As 
osteolytic tumors they may erode through the cortex to 
invade surrounding soft tissues and so mimic osteogenic 
sarcoma, particularly radiographically. In other instances the 
neoplasm permeates the bone rather widely to thus resemble 
a Ewing's sarcoma. 

The histology of MFH, as pointed out, is highly variable. 
Three basic patterns predominate: storiform, pleomorphic, 
and fascicular.'*' The storiform pattern has short fascicles 
of plump spindled cells arranged in a cartwheel or storiform 
configuration (Fig. 28-43). Occasional cells are more 
rounded or plump and contain hemosiderin pigment or fine 
lipid vacuoles. Mitotic figures, occasional tumor giant cells, 
and mononuclear inflammatory cells may also be present. 
The pleomorphic pattern is most common and presents a 
random, haphazard array of cells ranging from spindle forms 
to rounded, sometimes lipid-laden histiocytes to multinu- 
cleate giant cells. The giant cells often have abundant 
brightly eosinophilic cytoplasm with huge nuclei and some- 
times multiple nuclei. Often the giant cells have foamy 
cytoplasm. As with the storiform pattern, there is sometimes 
an inflammatory component. The fascicular pattern may 
predominate throughout a specific neoplasm, but more often 
occurs focally within a storiform or pleomorphic background. 
The term “fascicular” alludes to the tendency for the plump 
fibroblast-like cells to be arrayed in broad bands or fascicles. 
Occasional giant cells, lipid-laden histiocytes, and inflam- 
matory cells are present, helping to differentiate these tumors 
from fibrosarcomas. 

Additional myxoid and lipid-rich elements may be pres- 
ent, but it suffices to note that the diagnosis of MFH is 
treacherous and often requires ultrastructural or immuno- 
histochemical studies to characterize the critical histiocytic 
element. Helpful in this connection are the identification by 
immunoperoxidase techniques of lysozyme or chymotrypsin 
in the tumor cells, enzymes that are typically present in 
normal histiocytes. '* 


It is difficult to express a prognosis for these highly 
variable sarcomas. Overall, for both soft tissue and bony 
lesions, there is about a 50% survival rate for two to 
three years. However, the prognosis is materially influ- 
enced by site of origin and histologic pattern, and mostly 
by size of neoplasm and time of discovery. Tumors 
arising in subcutaneous locations tend to be found 


plump spindled cells of varying size arranged in a swirling (storiform) 
pattern. Giant cells (arrow) are present. 


earliest, have rarely metastasized, and have the best 
prognosis. Myxoid histology also improves the outlook 
and, analogously, the smaller the mass, the better the 
prognosis. When the primary lesions are small and 
amenable to radical excision, sometimes coupled with 
radiotherapy, about one-third of patients have no evi- 
dence of recurrence or dissemination over a five- to 12- 
year follow-up.‘ Death is usually related to metastatic 
spread to the lungs (approximately 80%) and internal 
organs. Regional lymph nodes are affected in only 30% 
of cases, calling into question the value of prophylactic 
lymph node dissections at the time of excision of the 
primary mass. 


MISCELLANEOUS LESIONS 


PIGMENTED VILLONODULAR SYNOVITIS 
(PIGMENTED VILLONODULAR TENOSYNOVITIS) 


This curious condition of uncertain nature can be 
best characterized as a proliferative lesion of joints and 
tendon sheaths, marked by hemosiderin deposition 
within villous overgrowths of the synovium. The syn- 
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Joints and Related Structures 


ovial overgrowth may be sufficient to induce tumor-like 
masses that project into the joint or tendon sheath 
spaces. Indeed, as will be seen, one view is that this 
lesion is basically neoplastic and a form of fibrous 
histiocytoma. In this theory the giant cell tumor of 
tendon sheaths is a circumscribed form of nodular 
tenosynovitis.’ In joints, however, the entire synovial 
lining is usually involved, particularly in the knee and 
less often the hip. The strict limitation of the process to 
the joint spaces, the lack of cellular atypism, and the 
benign nature of the multinucleate giant cells, thought 
to be derived from fusion of synoviocytes or macro- 
phages, all militate against a neoplastic origin for this 
lesion. Females tend to be affected slightly more often 
than males. Frequently, there is effusion into the joint 
space or tendon sheath, accompanied by pain, swelling, 
and sometimes locking of the joint. 


Grossly, the lesion in tendon sheaths takes the form of 
a small, ovoid swelling, rarely greater than 3 cm in diameter, 
which on transection is usually golden-yellow to red-brown, 
depending on the amount of contained lipid and hemosiderin. 
In joint spaces, more or less of the entire synovial lining is 
transformed into a tangled mat by numerous brown-to-rusty- 
colored sessile or villous projections (Fig. 28-44). Some- 
times discrete, yellow-brown nodules having the appearance 
of neoplasms develop either within the thickened synovial 
membrane or as pedunculated lesions. 

The histologic changes are variable and are undoubt- 
edly modified by traumatic injury to the exuberant synovial 
tissue. Basically, there are two components: a subsynovial 
accumulation of mononuclear cells thought to be ‘derived 
from the synovial lining cells, and a florid proliferative re- 
sponse of the surface layer of synoviocytes, creating poly- 
poid projections. The proliferative response creates a pop- 
ulation of spindled, cylindrical, or, less often, polyhedral 
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Figure 28—44. Villonodular synovitis, illustrating filamentous strands 
of inflammatory synovia. 
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cells, through which are scattered lipid-laden histiocytes, 
pigment-laden histiocytes, and multinucleate giant cells, 
sometimes also bearing hemosiderin pigment. Whether the 
phagocytic cells are of local origin (synoviocytes) or derived 
from monocytes is not known.'® This histologic pattern 
closely resembles that of the fibrous histiocytoma and, as 
mentioned, this disorder has been interpreted as a fibrous 
histiocytoma of the tendon sheaths or joint spaces. 
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The pathogenesis of this lesion is completely ob- 
scure. It has been viewed variously as (1) a neoplastic 
process, as mentioned above; (2) inflammatory in origin, 
although no specific agents have been isolated; (3) a 
localized disturbance of lipid metabolism leading to 
accumulation of lipids within phagocytic cells with sec- 
ondary traumatic changes; and (4) a reactive response 
to chronic trauma with repeated hemorrhages. Most 
observations favor the last hypothesis.’ The fact that 
the lesion frequently recurs following incomplete exci- 
sion has been taken as evidence for a neoplastic origin, 
but such behavior does not rule out a recurrent stimulus 
to a reactive process. We must leave it that this disabling 
but not life-threatening condition is still a complete 
enigma. 


TENOSYNOVITIS 


Tenosynovitis denotes an inflammation of the ten- 
don sheaths and contained tendons. This condition is 
most often encountered in persons who place great 
stress upon certain tendons in the course of their 
occupation. Thus, tenosynovitis is most often found in 
the upper extremities of laborers and artisans, and in 
the wrists and hands of stenographers. On the basis of 
this clinical distribution, trauma is believed to play an 
important role. However, tenosynovitis occasionally 
may be caused by direct bacterial seeding. 

Several anatomic forms of this inflammation are 
produced by these various causations. Traumatic syno- 
vitis consists of the accumulation of synovial fluid and 
fibrin within a tendon sheath. The fibrin may cause a 
grating sound on motion and may also, in time, become 
organized to produce fibrous adhesions. Direct bacterial 
invasion gives rise to a suppurative tenosynovitis. The 
most common offending organisms are the pyogens. 
Such pyogenic infection may also be initiated by pene- 
trating injuries, as when a surgeon accidentally punc- 
tures a tendon sheath in the course of placing sutures. 
Tuberculous tenosynovitis is an uncommon pattern that 
usually represents a hematogenous focus of seeding, but 
may occur by direct inoculation of infective material 
through the skin. These tuberculous infections are char- 
acterized by the development of small granulomas on 
the synovial lining that often protrude and are sloughed 
off into the fluid of the tendon sheath to produce the 
characteristic “rice bodies.” These conditions are ex- 
tremely painful on motion and cause some disability 
because of this pain. Adequate rest and other supportive 
measures usually promote healing. Sometimes, how- 
ever, residual fibrous adhesions limit, to some extent, 


the movement of the tendon. In time, these adhesions 
usually stretch sufficiently to restore function. 

As noted in the previous discussion, the giant cell 
tumor of tendon sheath origin is considered by some to 
be also a form of tenosynovitis related to pigmented 
villonodular synovitis. However, it is not associated with 
pain or other inflammatory manifestations, and so be- 
haves more like a benign tumor. 


BURSITIS 


Bursitis is an inflammation of the bursa. Although 
we may so define the lesion, there is considerable 
dispute as to the exact nature of the bursa. Standard 
textbooks of anatomy describe numerous cystic spaces 
between joints and supporting ligaments and tendon 
sheaths that are presumed to act as gliding surfaces 
facilitating the mobility of these supporting ligaments 
over the adjacent bony prominences. Despite these 
well-ordered descriptions, there is some doubt whether 
bursae are present in the normal individual. According 
to this view, they arise as pathologic alterations in 
connective tissue in response to the constant mobility 
of the connective tissue at sites of pressure. A bursa, 
then, may be a pathologic lesion from the outset but, 
unless further complicated by superimposed inflamma- 
tion, does not cause symptoms. It is to these additional 
complications that our present interest is directed. 

Bursitis tends to be more common in males than 
in females, perhaps because of greater physical activity. 
These lesions are most often encountered in the sub- 
deltoid bursa of the shoulder, the olecranon bursa of 
the elbow, the prepatellar bursa, and the radiohumeral 
bursa of the lateral radial head. 

The cause of bursitis is unknown. Trauma is be- 
lieved to play an important role, but whether this acts 
as an initiating influence or a precipitating factor is still] 
unclear. Bacterial invasion may be responsible for oc- 
casional flareups, but in most instances the aspirated 
fluid is sterile. Most often, no precise initiating influence 
can be identified except possibly a history of excessive 
exercise, e.g., tennis elbow. 


In the early acute stages of the inflammatory condition, 
the bursa is distended with a watery or mucoid fluid. As the 
chronic stage is reached, the stage at which the lesion is 
usually excised, the bursal space is filled with a granular, 
brown, inspissated changed blood heavily admixed with gritty 
calcific precipitations. The wall is thick, tough, and fibrous 
and is often pigmented by the contained hemorrhage and 
hardened by calcification. The inner surface is usually 
shaggy and trabeculated, and often thick, fibrous briding 
cords traverse the inner space. 

Histologically, the walls are composed of dense fibrous 
tissue focally infiltrated by lymphocytes, plasma cells, and 
macrophages. The lining of the bursa is usually composed 
of granulation tissue or precipitated fibrin. Characteristically, 
there is marked focal vascularization of the wall of the cyst 
that often produces small, hemangiomatoid collections of 
capillary channels. Basophilic calcium deposits may be found 


trapped within the fibrinous lining material and within the 
wall. 


The conditions are more painful than serious and 
presently are treated by supportive measures, the local 
instillation of cortisone or similar steroids, and, in the 
calcific stages, by surgical excision. 


GANGLION 


A ganglion is a small (1 to 1.5 cm) cystic lesion, 
almost always found in the collagenous connective tissue 
of a joint capsule or tendon sheath. A favorite location 
is the small joints of the wrist, where it is usually 
palpable as a firm but yielding, pea-sized subcutaneous 
nodule. Ganglions are thought to arise from a focus of 
myxoid degeneration and cystic softening of connecting 
tissue. The central myxoid tissue, perhaps because of 
motion of the joint, becomes cystic, and condensation 
of the periphery yields an enclosing collagenous capsule. 
The lesion may be multilocular and may enlarge through 
coalescence of adjacent areas of myxoid cystic changes. 
The older concept that these cysts communicate with 
the joint space has proved erroneous, and these innoc- 
uous lesions are of trivial significance and readily ex- 
cised. The older “Bible treatment,” namely, adminis- 
tering a sound whack to the nodule with a heavy Bible, 
is far more dramatic, but alas less effective. 
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NORMAL 


On first encounter the nervous system appears to 
be an impossibly complex assembly of neurons and glia, 
but on further acquaintance the principles of its orga- 
nization become clearer. Similarly, neuropathology ini- 
tially seems to be a forbidding array of obscure, and 
usually eponymous, diseases with few counterparts in 
general pathology. Again, a few principles can bring 
some order to this apparent chaos. 


1. Diseases of the nervous system fall into two general 
categories: | 
a. Pathologic processes, such as infections, trauma, 

and neoplasms, found in both the nervous system 
and other organs. 

b. Diseases unique to the nervous system. This 
category includes the diseases of myelin and 
system degenerations of neurons. They are much 
rarer than diseases with systemic counterparts. 

2. The localization or distribution of function in the 
nervous system has important effects on the pres- 
entation and progression of diseases involving it: 

a. Localization of function makes the brain inher- 
ently vulnerable to focal lesions that, in other 
organs, where function is more uniformly distrib- 
uted, might go unremarked or produce only trivial 
symptoms. For example, the destruction of quite 
small areas of brain can severely impair specific 
activities such as speech or the ability to move 
one side of the body. By contrast, two-thirds of 
the renal mass can be destroyed without fatally 
compromising renal function. This susceptibility 
of the brain to focal lesions is compounded by its 
strictly limited capacity to reconstitute damaged 
tissue. There has clearly been a serious oversight 
by the celestial committee in its design of an 
organ that is so important for biologic survival 
and is both the most vulnerable to and the least 
tolerant of focal damage. 

b. The localization of function in the nervous system 
causes the same pathologic process to present in 
a completely different way when it affects a 
different part of the system. For example: a 
meningioma (p. 1407) in the olfactory groove 
might become manifest only insidiously with uni- 
lateral anosmia, but when located in the foramen 
magnum could cause a rapidly progressive and 
immediately life-threatening quadriplegia from 
spinal cord compression. 

3. Another type of localizing effect in the brain is the 
selective vulnerability of groups of neurons or specific 
regions of the brain to particular pathologic processes 
or etiologic agents. For example, Purkinje cells of 
the cerebellum and hippocampal neurons are partic- 
ularly susceptible to ischemia; herpes simplex virus 
I attacks the temporal lobes; amyotrophic lateral 
sclerosis (ALS) is a degenerative disease affecting 
only upper and lower motor neurons. The basis for 
these differences in susceptibility is largely unknown. 
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4. Yet another aspect of localization derives from the 
fact that the histologic reactions of the nervous 
system are to a degree nonspecific so that different 
diseases may induce a rather similar histologic ap- 
pearance. Diagnosis may, therefore, depend as much 
on the localization, or distribution, of the changes as 
on their character. For instance, neurofibrillary tan- 
gles (described below), when primarily localized in 
the cerebral cortex suggest Alzheimer’s disease, but 
when found predominantly in the substantia nigra, 
they are diagnostic of postencephalitic Parkinson’s 
disease, a condition with a completely different clin- 
ical presentation and course. 

5. A number of anatomic and physiologic features are 
peculiar to the nervous system and critically affect 
the nature, growth, spread, presentation, and treat- 
ment of disease within it. Prominent among these 
features are the presence of a blood-brain barrier; 
the fact that the nervous system is an immunologi- 
cally privileged site; the presence of the cerebrospi- 
nal fluid-filled cerebral ventricles and subarachnoid 
space; and the limited and fixed volume of the 
intracranial contents. Some of these factors are in- 
terrelated and operate in conjunction, but all are 
important in the pathophysiology of disease in the 
nervous system. 

It is apparent, therefore, that clinicopathologic 
correlation is important to the understanding and 
diagnosis of disease in the nervous system. Because 
the system is so complex and widespread, it is nearly 
impossible to examine all its parts in detail, and so 
it is vital to determine which part is involved clini- 
cally before it is examined pathologically. In many 
cases, a diagnosis can be made only by correlating 
the clinical and pathologic findings. 
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NORMAL CELLS AND THEIR BASIC 
REACTIONS TO INJURY 


The principal cells of the nervous system are neu- 
rons, glial cells, and microglia. The reactions of the cells 
of the brain to injury are different from those of the 
somatic organs, and so it is appropriate to review them 
before considering specific pathologic processes. 


NEURONS 


The neuron is the basic communicating unit of the 


‘nervous system and possesses the dendrites, axons, and 


synapses required for this role. Microscopically, the 
typical neuron is the pyramidal cortical neuron, of 
triangular shape and with a large pale nucleus containing 
a prominent nucleolus. Although classically pyramidal, 
there is an enormous range of neuronal size and shape, 
well illustrated by the felicitous juxtaposition of the 
large Purkinje and small granular neurons in the cere- 
bellar cortex. When it can be seen, neuronal cytoplasm 
is distinguished by the presence of Niss] substance, 


4372 THE NERVOUS SYSTEM 


which the electron microscope shows to be clumps of 
rough surfaced endoplasmic reticulum and free ribo- 
somal rosettes. Other special features of neuronal cyto- 
plasm are neurofilaments, microtubules, and different 
types of synaptic vesicles.' Neurofilaments are inter- 
mediate filaments (p. 28) specific to neurons and are 
composed of three polypeptide chains with molecular 
weights of 68K, 150K, and 200K daltons.’ 

In disease a variety of changes occur in neurons 
that are, to varying degrees, associated with specific 
etiologic agents or pathologic processes. 

1. Ischemic cell change (red neurons). Ischemia 
causes neuronal shrinkage and angulation; the cytoplasm 
becomes eosinophilic, hence the appellation red, and 
the nucleus pyknotic and triangular. Once these changes 
occur, they are irreversible and indicate cell death. 

2. Simple atrophy. In this process the neuron 
gradually degenerates and disappears without inciting 
any inflammatory reaction, but usually with some con- 
sequent gliosis (see below). It is the underlying process 
in the system degenerations such as the spinocerebellar 
degenerations (p. 1418). Its cause is obscure and is 
probably different in different diseases. 

3. Transsynaptic degeneration. Death or injury of 
one system of neurons may provoke degeneration in 
another dependent system with which it synapses. Re- 
moval of an eye causes degeneration of the optic nerve 
and tract and, subsequently, “transsynaptic degenera- 
tion’ of the neurons in the lateral geniculate body with 
which the axons of the optic tract synapse. The degen- 
eration takes the form of a simple atrophy. 

4. Intraneuronal bodies. A number of the degen- 
erative diseases have specific intraneuronal cytoplasmic 
bodies. These include Lewy bodies, Pick bodies, and 
Hirano bodies; each will be discussed with the appro- 
priate diseases. 

5. Neurofibrillary tangle formation is a particular 
type of neuronal degeneration that occurs in a number 
of diseases. With the light microscope, tangles appear 
as a skein of basophilic, silver (Bodian) staining filaments 
in the cytoplasm, which displace or encircle the nucleus 
(Fig. 29-1). Electron microscopically, they are mostly 
paired, helically wound filaments with a filament di- 
ameter of 7 to 9 nm and a period of 80 nm.? In some 


Figure 29-1. Neurofibrillary tangle consisting of a skein of silver- 
positive material within a neuron (Bodian stain). 


tangles, especially those seen in progressive supranu- 
clear palsy (p. 1418), the filaments are not always 
helically wound, but it is not clear that this indicates 
any fundamental difference.* Unsuccessful attempts to 
analyze tangles probably relate to their being insoluble, 
as a result of covalent glutamyl-lysine cross-linking of 
their filaments.> Immunologic studies suggest that a 
major component of these tangles is neurofilaments.® ‘ 
Interestingly, positive reactions can be obtained with 
antibodies to whole neurofilaments but only inconsist- 
ently with antibodies to the purified polypeptide chain 
subunits, a finding that is possibly a reflection of the 
highly insoluble nature of the tangles, which allows only 
certain groups to be exposed to immunologic recogni- 
tion. To date there is no good explanation for the stable 
cross-linking of the neurofilaments into neurofibrillary 
tangles.° 

At one time neurofibrillary tangles were most no- 
tably associated with Alzheimer’s disease (p. 1414), but 
their presence in other diseases suggests that they are 
the final common pathway of a number of pathophysi- 
ologic processes, all of which are currently mysterious. 
Other conditions in which neurofibrillary tangles are 
found include postencephalitic Parkinson’s disease (p. 
1417); progressive supranuclear palsy (p. 1418); Down’s 
syndrome (p. 126); dementia pugilistica;> ALS/parkin- 
sonism/dementia complex of Guam.°® | 

6. Storage in neurons. Neurons may be the depo- 
sitory of various stored substances such as lipids and 
polysaccharides in the inborn errors of metabolism (e.g. , 
Niemann-Pick disease, p. 145). Microscopically, the 
neurons are large and round with an eccentrically placed 
nucleus. The cytoplasm contains the stored material and 
often has a granular appearance regardless of the com- 
position of the material. Electron microscopy shows 
details of the ultrastructure of the material, which is 
sometimes diagnostic. Biochemical evaluation of either 
brain tissue or some other organ is usually the definitive 
investigation. '° 

7. Central chromatolysis (axonal reaction). If its 
axon is cut or damaged the cell body swells up, becom- 
ing round and pale, and there is loss of stainable Niss] 
substance. The nucleus is displaced to the periphery of 
the cell. This change is most dramatically seen in 
anterior horn cells after there has been damage to a 
peripheral nerve. 

8. Damage to axons. Neuronal dysfunction may be 
manifested by a failure to maintain the axon, which 
undergoes a process of degeneration starting at its 
peripheral end—a process called “dying back.” This is 
most frequently seen in the peripheral nervous system 
(p. 1428), but may also become apparent in the central 
nervous system, notably at the upper end of the dorsal 
columns and the lower end of the corticospinal tract. 

9. Spheroids. Spheroids are local dilatations of 
axons that often contain many organelles and appear 
histologically as circular, eosinophilic, granular bodies. 
They are seen around the edges of infarcts and in axonal 
dystrophies, and in these circumstances are an indicator 
of axonal damage, but they may also be seen at the 
growing tips of regenerating axons. 


NEUROGLIA 


The neuroglial cells are the proletarians of CNS 
society, providing shelter and maintenance for the aris- 
tocratic neurons. They consist of astrocytes, oligoden- 
drocytes, ependymal cells, and microglial cells. 

Astrocytes and Their Reactions. Routine stains dem- 
onstrate only astrocyte nuclei that are round or oval and 
have a fine granular chromatin. With special stains that 
demonstrate their cytoplasm, they emerge as stellate 
cells with processes that ramify as an interstitial frame- 
work for the parenchymal cells of the brain (Fig. 29-2). 
They have terminal specializations ending on blood 
vessels that are called foot processes or end feet. Astro- 
cytes are divided into protoplasmic and fibrous forms 
on the basis of the geometry of their processes; the 
protoplasmic form occurs mostly in gray matter and has 
frequently branched processes, whereas the fibrous 
astrocytes have long thin processes and are found mostly 
in white matter. 

The functions of astrocytes are incompletely under- 
stood but probably include the provision of biochemical 
and physical support, and aid in insulation of the recep- 
tive surfaces of neurons. In addition to their activities 
in normal brain, they also react to CNS injury by glial 
scar formation. The process is called gliosis; it involves 
the proliferation of fibrillary astrocytes with the forma- 
tion of many glial fibers that, despite their name, are 


Figure 29-2. Astrocytes and their processes. Some processes are 
attached to blood vessels (arrow) (Cajal gold sublimate). 
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Normal Cells and Their Basic Reactions to Injury 


cellular processes of the astrocytes. Unlike the fibrosis 
that occurs in the somatic organs, no collagen or equiv- 
alent extracellular fibrous protein is formed in gliosis. 
There are abundant intermediate filaments in these glial 
fibers, some of which are specific glial fibrillary acidic 
protein (GFAP), but most are vimentin.” The former 
are well demonstrated by immunoperoxidase prepara- 
tions for GFAP, but are also stained by phosphotungstic 
acid—hematoxylin (PTAH) and Holzer. Some astrocytes 
are further described as gemistocytic because of their 
“stuffed” appearance with abundant eosinophilic ho- 
mogenous cytoplasm that extends into their processes. 
This type of astrocyte usually appears in response to a 
crude tissue injury such as an infarct. If disease damages 
a specific tract, the resultant gliosis conforms to the 
pattern of that tract and is called isomorphic gliosis. 
When there is gross tissue destruction, the gliosis is 
random and is called anisomorphic gliosis. 

Rosenthal fibers may be seen in astrocytic proc- 
esses. They are eosinophilic, opaque, elongated, taper- 
ing or globular bodies that are strongly PTAH positive 
but GFAP negative. With the electron microscope they 
appear as irregular, amorphous, electron-dense material 
surrounded by a dense feltwork of intermediate fila- 
ments.'! They are found where there is long-standing 
progressive gliosis, but are also present in juvenile 
pilocytic astrocytomas (p. 1403), which are very slowly 
growing tumors, and in Alexanders disease, an ex- 
tremely rare leukodystrophy. 

Alzheimer II astrocytes have dilated vesicular nu- 
clei with a thickened irregular nuclear membrane and a 
small eosinophilic intranuclear body containing glyco- 
gen, called a glycogen dot. Cytoplasmic processes are 
not prominent and are not seen in routine stains. 
Alzheimer II astrocytes are seen in conditions in which 
the blood ammonia level is raised, principally hepatic 
failure. In certain other metabolic disturbances and toxic 
states, astrocyte nuclei also become dilated and vesicular 
but do not develop the glycogen dot. 

Polyglucosan bodies'® are spherical or elongated, 
basophilic, PAS-positive, sometimes concentrically lay- 
ered structures with diameters ranging between 1 and 
150 wm. Electron microscopically they are seen to be 
composed of branched filaments approximately 8 nm in 
diameter, having both granular and amorphous associ- 
ated material. Biochemical analysis shows their principal 
component to be glucose polymers (polyglucosans) with 
a small and variable content of phosphate and sulphate 
groups and not more than 5% protein. They are seen 
in different conditions but are not biochemically distin- 
guishable. The most well-known form of polyglucosan 
bodies are corpora amylacea. In astrocyte processes, 
these accumulate with aging and are found principally 
in the subpial and subependymal regions, and also 
around blood vessels. The Lafora bodies seen in the 
perikarya of neurons in myoclonus epilepsy (Lafora’s 
disease) are polyglucosan bodies biochemically indistin- 
guishable from corpora amylacea. In type IV glycoge- 
nosis (amylopectinosis) (p. 150), in which there is a 
deficiency of branching enzyme, small polyglucosan 
bodies are present in astrocytes. Polyglucosan bodies 
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are also found in a number of rare neurologic conditions. 
Although these bodies develop with branching enzyme 
deficiency, a lack of this enzyme is not likely to be 
fundamental to their origin, because it is known to 
function normally in Lafora’s disease. 

Oligodendrocytes. These glial cells are so called 
because, when visualized by special stains, they have 
fewer and shorter processes than do astrocytes. Routine 
stains, however, demonstrate only the nucleus, which 
is round and lymphocyte-sized and has uniformly dense 
chromatin. Electron microscopically, the nucleus is ec- 
centrically located in a cytoplasm distinguished by many 
microtubules, which makes it difficult to distinguish 
between oligodendrocyte processes and dendrites. Oli- 
godendrocytes are found in both white and gray matter. 
In white matter they are frequently lined up along the 
myelinated fibers in an interfascicular arrangement, 
whereas in gray matter they commonly cluster around 
neurons, where they are called satellite cells. Their 
principal function is the production and maintenance of 
CNS myelin. Unlike the Schwann cells (p. 1428) of the 
peripheral nervous system, oligodendrocytes contribute 
segments of myelin sheath to multiple axons. Because 
they produce the myelin, diseases of oligodendrocytes 
manifest themselves as disorders of myelin and myeli- 
nation. The two principal categories are the leukodys- 
trophies (p. 1424), which are generalized, usually he- 
reditary disorders of myelin metabolism, and the 
acquired demyelinating diseases (p. 1410), such as mul- 
tiple sclerosis with focal myelin loss. 

Ependyma. A single layer of cuboidal-to-columnar 
ependymal cells lines the cerebral ventricles, the aq- 
ueduct, and the central canal of the spinal cord. Epen- 
dyma reacts to injury mainly by cell loss, and the 
ensuing gaps are filled with glial fibers produced by the 
subependymal astrocytes (ependymitis granularis). In- 
clusion bodies can also be seen in ependymal cells in 
some viral disorders, such as cytomegalic inclusion 
disease. 

Microglia. These are small cells with elongated 
nuclei and are scattered throughout the white and gray 
matter. Routine stains are taken up only by the nucleus, 
but with special stains they can be seen to have long 
angular cytoplasmic processes having few organelles but 
scattered dense bodies. In response to injury or destruc- 
tion of the brain they become activated and assume the 
shape of a macrophage (gitter cells, compound granular 
corpuscles), or they proliferate and adopt a rodlike form. 
Sometimes, swarms of rod cells can be seen surrounding 
a tiny focus of necrosis or a dead neuron, forming a glial 
nodule. Microglial degradation of dead neurons is called 
neuronophagia. 

Historically, there have been two schools of thought 
about the origin of these cells, one holding that they 
are ectodermally derived and the other that they are of 
mesodermal origin like the rest of the mononuclear 
phagocyte (reticuloendothelial) system (MPS). Recent 
work shows that, when activated, they yield histochem- 
ical reactions similar to macrophages and other members 
of the MPS but quite different from the reactions of 


Table 29-1. SPECIAL STAINS USED IN NEUROPATHOLOGY 


Demonstrates 


Stains 


Neurons, glial nuclei 

(a) Glial fibers, e.g., in 
astrocytomas and gliosis 

(b) Connective tissue 

Gliosis 

Myelin sheaths 


Nissl (cresyl! violet) 
Phosphotungstic 
acid—hematoxylin (PTAH) 


Holzer 
Myelin stain, e.g., Woelcke, 
Luxol-fast-blue 

Marchi and Oil-Red-O 

Silver, e.g., (a) Bielschowsky, 
Cajal, Golgi; 

(bo) Hortega 

carbonate 

Cajal gold sublimate 


Myelin breakdown 
(a) Neurons and axons 


(b) Oligodendrocytes, microglia 


Astrocytes 


true glial cells.!° It now seems likely that they are in 
fact the nervous system representative of the MPS. As 
such, the name microglia, which tends to link them 
with the true glial cells, is misleading but probably 
unchangeable. 


SPECIAL STAINS IN NEUROPATHOLOGY 


Because many diseases of the nervous system affect 
only certain of its elements, there is a need for equally 
selective stains. In multiple sclerosis, for example, there 
is loss of myelin without equivalent loss of axons, best 
revealed by selective stains for myelin and for axons. 
Special stains are available for neurons, astrocytes, 
axons, and myelin. Immunacytochemical techniques are 
also used. Currently, the most widely available one is 
an immunoperoxidase method for GFAP that is specific 
for astrocytes and some ependymal tumors.'* '° Many 
more specific antibodies will undoubtedly be discov- 
ered, and early reports suggest that it might become 
possible to identify subpopulations of neurons.'® This 
might be helpful in the elucidation of degenerative 
diseases in which there is selective loss of neurons, such 
as Alzheimer’s disease where there appears to be a 
disproportionate loss of cholinergic neurons. Some of 
the available stains are listed in Table 29-1. 


PATHOLOGY 


COMMON PATHOPHYSIOLOGIC 
COMPLICATIONS 


Among the unique anatomic and physiologic fea- 
tures of the nervous system, the fixed and restricted 
volume of the cranial vault is particularly important. It 
renders the brain susceptible to a grouv of pathophysi- 
ologic complications, particularly increased intracranial 
pressure, cerebral edema, and hydrocephalus, which 
occur in different pathologic processes. Increased intra- 
cranial pressure occurs with all space-occupying lesions 


that increase the volume of the intracranial contents; it 
has several seriously detrimental or life-threatening 
effects. Frequently encountered examples of such space- 
occupying lesions include hemorrhage, neoplasm, ab- 
scess, cerebral edema, and hydrocephalus. Of these, 
cerebral edema and hydrocephalus are secondary effects 
that occur in a number of diseases, and the presence of 
either or both exacerbates increased intracranial pres- 
sure from any other cause. This interaction is one of the 
most often met, important, dangerous complications 
occurring in CNS disease. 


INCREASED INTRACRANIAL PRESSURE AND 
HERNIATIONS OF BRAIN 


Increased intracranial pressure is defined as eleva- 
tion of the mean cerebrospinal fluid (CSF) pressure 
above 200 mm of water (15 mm of mercury) when 
measured with the patient in the lateral decubitus 
position. '” It occurs whenever the volume of intracranial 
contents increases beyond the slight leeway allowed for 
expansion. Clinically, it presents with symptoms such 
as periodic headache, mental slowness, confusion, and 
papilledema. Because increased intracranial pressure 
may be caused by many pathologic processes, diagnosis 
and treatment depend on identifying the underlying 
cause and understanding the ways in which the brain is 
thereby affected. 

Most cases of increased intracranial pressure are 
associated with some sort of mass effect that may be 
either diffuse, as in the case of the generalized edema 
of the brain in lead encephalopathy, or focal, such as 
that seen with tumors, abscesses, or hematomas. Re- 
gardless of the cause, it is the compression of or hem- 
orrhage into the brain stem that is most life threatening. 


On gross examination when the increase in pressure is 
due to some expansile process within the brain, there is 
either focal or diffuse flattening of the cortical gyri, sometimes 
associated with compressed or distorted ventricles. The 
cranial vault is partitioned by relatively rigid dural folds that 
form the falx cerebri and the tentorium cerebelli. Localized 
expansion of the brain causes it to be displaced in relation 
to these partitions, producing brain herniations. 

Herniations are classified on the basis of the part that 
is herniated and the structure under which it has been 
pushed (Fig. 29-3). Expansion of one hemisphere may 
cause the cingulate gyrus to herniate under the falx, produc- 
ing subfalcine herniation. The same expansion will also 
cause the medial temporal lobe to be forced into the gap 
between the cerebral peduncles and the tentorium, produc- 
ing uncinate (uncal) or transtentorial herniation. This 
may damage the oculomotor nerve, producing the well- 
known fixed dilated pupil, and also compress the contralat- 
eral cerebral peduncle against the free edge of the tentorium, 
resulting in a paralysis ipsilateral to the lesion, a famous 
false localizing sign. Downward movement of the posterior 
fossa contents may produce herniation of the cerebellar 
tonsils into the foramen magnun, a process often called 
coning, which compresses the medulla and its vital respi- 
ratory center. This medullary compression causes death in 
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Figure 29-3. Herniations of the brain: (1) cingulate, (2) uncal 
(hippocampal), (3) cerebellar, and (4) transcalvarial. (From Fishman, 
R. A.: Brain edema. N. Engl. J. Med. 293:706, 1975. Reprinted, by 
permission, from The New England Journal of Medicine.) 


batients with tonsillar herniation. Upward herniation of the 
posterior fossa contents can occur when a mass is located 
in the posterior fossa. Finally, brain may herniate through 
skull defects. 

Herniations may produce two other effects on the brain. 
First, they compress surface arteries against the unyielding 
edge of dural folds, which may occlude the vessels and 
cause brain infarction. This is seen in the posterior cerebral 
artery when it is compressed against the free edge of the 
tentorium in uncinate herniation, and in the callosal marginal 
branches of the anterior cerebral artery where they pass 
underneath the falx in subfalcine herniation. Second, in 
rapidly expanding supratentorial processes, there is 
compression and downward displacement of the midbrain 
where it passes through the tentorium. By mechanisms that 
are not understood, this produces linear hemorrhages in the 
mesencephalon and upper pons (Duret hemorrhages). 
Brain swelling severe enough to cause this complication is 
almost invariably fatal. 


CEREBRAL EDEMA 


Cerebral edema occurs when there is an increase 
in CNS water content. If the excess water accumulates 
intracellularly, it is called cytotoxic edema; if in the 
extracellular space, it is termed vasogenic edema." The 
particular susceptibility to and significance of edema in 
the CNS is conditioned by special anatomic and physi- 
ologic features of the brain. In addition to the already 
discussed restricted volume of the cranial contents, 
there is (1) the blood-brain barrier (BBB), which re- 
stricts osmotic movement of particles such as the plasma 
proteins across the cerebral capillaries; and (2) the 
absence in the brain of lymphatics to carry away excess 
fluid. The existence of a BBB was first suspected when 
it was noticed that albumin-bound intravital dyes such 
as trypan blue do not generally stain the brain.!® Sub- 
sequent ultrastructural and tracer studies using agents 
such as horseradish peroxidase have located the barrier 
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at the cerebral capillary endothelium. There are 
tight junctions between the endothelial cells that pre- 
vent intercellular fluid movement, and significant intra- 
cellular transport is excluded by the almost complete 
absence of pinocytotic vesicles in the capillary endo- 
thelial cells. 

Cytotoxic edema may appear with either ischemia 
or water intoxication. The former induces a defect in 
the cells’ metabolic machinery, e.g., a failure in the 
membrane ATP-dependent sodium pump. When this 
occurs, sodium accumulates within the cell and water 
then follows to maintain the osmotic equilibrium, caus- 
ing all the brain cells (neurons, glia, endothelial cells) 
to swell, thereby decreasing the extracellular space. 
Water intoxication acts by producing an acute hypo- 
osmolar state in the plasma that requires water to move 
into the cerebral cells to maintain osmotic equilibrium. 

Vasogenic edema is the most common form of 
cerebral edema. It occurs in association with primary 
and metastatic tumors, abscesses, hemorrhages, infec- 
tions, contusions, and lead encephalopathy. The edema 
fluid leaks into the extracellular space either through 
damaged capillary endothelial cells that have lost their 
barrier function or through newly formed capillaries that 
have not yet established a barrier. Neovascularization is 
particularly pronounced in tumors, especially metastatic 
tumors, and in the capsule of abscesses. White matter 
is conspicuously more affected than gray and the edema 
may be focal or diffuse. If focal, it is more intense 
immediately adjacent to the process causing the edema. 

Interstitial edema is a third form of cerebral edema 
seen in obstructive hydrocephalus. In this type of 
edema, fluid crosses the ventricular lining and accu- 
mulates in the periventricular white matter. 


THE NERVOUS SYSTEM 


19, 20 


Grossly, all forms of cerebral edema produce focal or 
diffuse brain swelling with gyral flattening. Vasogenic edema 
causes loosening of the tissue with separation of the myelin 
sheaths and generally poor staining. Lucent halos are seen 
around the cell nuclei, particularly oligodendrocytes and 
astrocytes. In cytotoxic edema there is diffuse swelling of 
cells without significant enlargement of the extracellular 
space. Electron microscopic examination of experimental 
models of vasogenic edema show increased extracellular 
space with, however, distention of the astrocytic foot proc- 
esses.” 


So many conditions secondarily produce cerebral 
edema that it is a very common clinical problem and 
major contributor to cerebral herniation and even death. 
In many cases there is both cytotoxic and vasogenic 
edema, as, for instance, in arterial occlusion or purulent 
meningitis wren osmotic and metabolic processes com- 
bine to damage both cells and blood vessels, resulting 
in increases in both extracellular and intracellular water. 


HYDROCEPHALUS 


Hydrocephalus refers to distention of the ventricles 
with an increase in CSF volume (Figs. 29-4 and 29-5). 
CSF is produced by the choroid plexus, after which it 


Figure 29—4. Hydrocephalus. Dilated lateral ventricles seen in a 
coronal section through frontal lobes. 


travels through the ventricles, foramen of Monro, aq- 
ueduct of Sylvius, fourth ventricle, and cerebellar fora- 
mina to finally reach the subarachnoid space. The CSF 
is resorbed for the most part by the arachnoid villi. 
Hydrocephalus may result from one of two mech- 
anisms: (1) overproduction of CSF or (2) much more 
commonly, decreased absorption of CSF. Decreased 
absorption of CSF, may in turn, result from either (a) 
inability of the arachnoid villi to transfer CSF to the 
venous system or (b) a block in the CSF pathway to the 
villi. In the latter situation, CSF backs up behind the 


Figure 29-5. CT scan showing massively dilated ventricular system 
characteristic of hydrocephalus. 


block. When the block is in the CSF pathway within 
the brain, the hydrocephalus is known as noncommun- 
icating or obstructive. If, on the other hand, CSF is 
able to pass into the subarachnoid space and is subse- 
quently prevented from being absorbed by the arach- 
noid villi, the hydrocephalus is known as the commu- 
nicating type. In the latter situation, the blockage either 
is in the subarachnoid space proper or is the result of 
damage to or malfunction of the arachnoid villi. 

In infants and children, before fusion of the cranial 
sutures occurs, hydrocephalus may be manifested most 
dramatically by enlargement of the head. The incidence 
of such childhood hydrocephalus varies from 0.2 to 5 
per 1000 births.” Hydrocephalus in children may have 
many causes including congenital malformations, infec- 
tions, trauma, subarachnoid hemorrhage, and tumors 
(Table 29-2). Genetic abnormalities, viruses, irradiation, 
and vitamin deficiencies have been linked experimen- 
tally with congenital abnormalities associated with hy- 
drocephalus. 

Hydrocephalus in adults, occurring after the bones 
of the skull are fused, does not produce enlargement of 
the head. The onset of adult hydrocephalus may be 
either acute and rapidly symptomatic, or slow in devel- 
oping and insidious. Acute hydrocephalus is usually 
manifested by signs of increased intracranial pressure, 
and it is frequently associated with trauma, infection, 
subarachnoid hemorrhage, and brain tumors (Table 
29-2). In contrast, slowly developing hydrocephalus is 
usually productive of progressive dementia, gait distur- 
bance, and incontinence. These patients often have 
normal CSF pressures and the clinical syndrome is 
called normal-pressure hydrocephalus.* Differentiation 


Table 29-2. CAUSES OF HYDROCEPHALUS* 


Obstructive or Noncommunicating Hydrocephalus 
Congenital Malformation 
Stenosis of aqueduct of Sylvius (a few cases are 
familial) 
Forking or atresia of aqueduct of Syivius 
Gliosis of aqueduct of Sylvius 
Occlusion of foramina of Magendie and Luschka 
(Dandy-Walker syndrome) (with large cystic fourth 
ventricle) 
Arnold-Chiari malformation (usually with 
myelomeningocele) 
Vascular malformations (e.g., aneurysm of great vein of 
Galen) 
Neoplasms 
Inflammatory Processes 
Subarachnoid hemorrhage 
Meningitis and postmeningitic states 
Other infections (e.g., toxoplasmosis, cytomegalic 
inclusion disease) 
Communicating Hydrocephalus 
Overproduction of Cerebrospinal Fluid 
Adenomata of choroid plexus (7?) 
Other causes (7?) 
Deficient Reabsorption of Cerebrospinal Fluid 
Postmeningitic states 
Posthemorrhagic states 
Thrombosis of dural sinuses 
Deficiency of arachnoid villi (?) 


*Modified from Paine, R. S.: Hydrocephalus. Pediatr. Clin. North 
Am. 14:781, 1967. 
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of normal-pressure hydrocephalus from other causes of 
dementia is exceedingly important, as patients with the 
former condition have a dramatic reversal of neurologic 
disabilities if a ventricular shunt is installed early in the 
course of the disorder. Examination by CT scan often 
facilitates the clinical diagnosis of all types of hydro- 
cephalus (Fig. 29-5). Most cases of normal-pressure 
hydrocephalus are of unknown etiology; some are sec- 
ondary to subarachnoid hemorrhage. 


On gross examination, both obstructive (or‘noncom- 
municating) and communicating types of hydrocephalus 
show progressive active dilation of the brain’s ventricles by 
CSF (Figs. 29-4 and 29-5). The ependyma and adjacent 
white matter are secondarily injured as dilation increases. 
Following injury to the ependyma, fluid passes into the 
surrounding brain, causing interstitial edema. On micro- 
scopic examination, the ependymal lining may be lost and 
the surrounding white matter is pale and rarefied. The 
overlying cortex is spared unless the dilation is severe and 
long-standing. 


Hydrocephalus ex vacuo refers to compensatory 
enlargement of the ventricular system associated with 
severe brain atrophy, and results from actual loss of 
CNS tissue. CSF is produced and absorbed normally. 
The condition occurs most frequently in association with 
Alzheimer’s and Pick’s diseases (p. 1414). 


IATROGENIC DISEASE 


Many modern forms of treatment produce immu- 
nosuppression, either as a side effect or, in the case of 
organ transplantation, as a therapeutic aim. This has 
resulted in the emergence of a number of opportunistic 
infections and altered the occurrence and natural history 
of other infections.2* With impairment of the usual 
inflammatory and immune reactions, the clinical pres- 
entation of disease and the pathologic appearance of 
infected tissues is altered. Generally, these infections 
are more fulminant and less easy to diagnose than in 
the normal patient. Progressive multifocal leakoenceph- 
alopathy (PML) (p. 1386) is a viral disease of oligoden- 
drocytes that is almost unknown outside the immuno- 
compromised population. Toxoplasmosis (p. 373) in 
the normal adult produces a lymphadenopathy that is 


Table 29-3. IATROGENIC DISEASES 


(1) Bacteria-—Meningitides with unusual 
organisms, e.g., Citrobacter 

(2) Viralt—Progressive multifocal 
leukoencephalopathy (PML) 

(3) Fungal and protozoal—e.g., aspergillosis, 
candidiasis, toxoplasmosis 

(1) Radiation necrosis 

(2) Chemotherapy/radiation necrosis 

(3) Peripheral neuropathy—e.g., vinca 
alkaloids 

(4) Central pontine myelinolysis 

(1) Encephalitis following vaccination 

(2) Acute idiopathic polyneuritis following 
vaccination 


Infectious 


Toxic 


immune 
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self-limiting, but in the immunosuppressed patient it 
may produce a fulminant multifocal necrotizing enceph- 
alitis that may be rapidly fatal.” Anticancer treatment 
such as radiation and chemotherapeutic agents may also 
be neurotoxic, and other forms of therapy may produce 
immune reactions in the nervous system. Individual 
diseases are discussed in the appropriate sections, but 
the major types of iatrogenic disease that affect the 
nervous system are indicated in Table 29-3 (p. 1377). 


THE NERVOUS SYSTEM 


INFECTIONS 


Anatomic and physiologic features of the nervous 
system influence the pathophysiology of its infections. 
The most obvious of these is that the brain is bathed in 
cerebrospinal fluid (CSF), which provides both a con- 
genial culture medium for the infecting organisms and 
a rapid means of dissemination of the infection through- 
out the system once the outer defenses have been 
breached. Further, all the arterial supply and venous 
drainage of the brain has to pass through this CSF-filled 
subarachnoid space. This is particularly important in the 
meningitides, as will be pointed out. Because the ner- 
vous system is so well shielded from outside influences, 
organisms infecting it must first involve other regions 
of the body and so sometimes evoke prodromal syn- 
dromes related to these extracranial involvements. 

There are four ways in which infection can enter 
the nervous system. 

1. Via the bloodstream. This is the most frequent 
mode of entry with many bacterial, fungal, and viral 
infections. Occasionally, as in the case of subacute 
bacterial endocarditis, a septic embolus combines in- 
farction with infection. Retrograde venous spread may 
also occur, usually through the veins of the face with 
anastomotic connections through the orbit to the cere- 
bral circulation. 

2. Direct implantation. This route of infection is 
almost invariably traumatic, though it may also be 
iatrogenic, as by lumbar puncture, infected foreign 
bodies such as ventricular shunts and rarely by corneal 
transplant or EEG needles. 

3. Local extension. Skull fractures may expose the 
brain or meninges to the bacterially colonized air si- 
nuses. Established infections in an air sinus (most often 
the mastoid and frontal) may erode through the bone 
and meninges to the brain. Local extension may also 
occur in patients, particularly neonates, who have mid- 
line fusion defects such as meningomyeloceles, where 
there is a connection between an external epithelial 
surface and the nervous system. 

4. From the peripheral nervous system. Some viral 
diseases gain entrance to the CNS by ascent up the 
peripheral nerves to the brain. Rabies is the outstanding 
example, in which a bite from an infected animal 
implants the virus into the subcutaneous peripheral 
nerve twigs. Herpes simplex (p. 1383) also probably 
gains entrance to the brain by first becoming established 
in the trigeminal ganglion. 


Finally, bacteria that produce exotoxins can seri- 
ously affect the nervous system without having to invade 
it, as in the case of tetanus (p. 324) and diphtheria (p. 
317). | 

Infections of the nervous system are most conve- 
niently discussed by dividing them into the meningitides 
and the encephalitides, these being infections of the 
meninges and brain parenchyma, respectively. It 
should, however, be realized that infections may extend 
from the meninges into the brain parenchyma and vice 
versa, to produce a meningoencephalitis. Within the 
general categories of meningitis and encephalitis, indi- 
vidual infections are classified by the type of syndrome 
they produce (e.g., acute lymphocytic meningitis) and 
the etiologic agent (i.e., bacterial, viral, and fungal). 


MENINGITIS 


A meningitis is an inflammation limited to the 
leptomeninges (meninges) and the subarachnoid space. 
Usually the inflammation is caused by an infection, but 
chemical meningitis (p. 1379) may also occur, and 
infiltration of the subarachnoid space by tumor cells is 
called carcinomatous meningitis, in spite of the fact that 
there is usually no inflammatory response. Infectious 
meningitis can be broadly classified as acute pyogenic 
meningitis (usually bacterial), acute lymphocytic men- 
ingitis (generally viral), and chronic meningitis (which 
may be caused by bacteria or fungi). 


Acute Pyogenic Meningitis 


The most frequently encountered causal organisms 
are Escherichia coli in the neonate and particularly the 
neonate with a neural tube defect; Hemophilus influ- 
enzae in infants and children; Neisseria meningitidis in 
adolescents and young adults (also the most frequent 
cause of epidemic meningitis since it is an oral com- 
mensal and can be transmitted through the air);?” and 
the pneumococcus, particularly in the very young and 
the old, and in meningitis following trauma.”’ Once the 
leptomeninges are infected, dissemination of the orga- 
nisms occurs through the subarachnoid space. 


At an early stage the brain and spinal cord are swollen 
and congested. The subarachnoid space contains exudate 
that varies in location (Fig. 29-6). In H. influenzae menin- 
gitis, for example, it is usually basal, but in pneumococcal 
meningitis it is more often located over the cerebral convex- 
ities near the longitudinal sinus. From the areas of greatest 
accumulation, tracts of pus can be followed around the blood 
vessels. Even in those areas where there is no gross 
exudate, the leptomeninges are opaque and congested. 
When the process is fulminant, and especially if it is pro- 
longed, the inflammation will extend to the ependymal sur- 
face or even spread downward to the spinal cord. 

On microscopic examination, there is a typical neutro- 
philic exudation in the subarachnoid space with varying 
amounts of fibrin. In the more severely affected areas, the 
entire subarachnoid space is replaced by the exudate; in 
less severely affected areas, only the tissue around the 
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Figure 29-6. Pyogenic meningitis. A thick layer of suppurative 
exudate is disclosed beneath the folded-back dura. 


leptomeningeal blood vessels contains cells. In fulminant 
infections, the inflammatory cells infiltrate the walls of the 
leptomeningeal veins, producing vasculitis. Arteritis is not a 
common complication unless the process is prolonged, be- 
cause arterial resistance to sepsis is greater than venous 
resistance. Venous occlusion may produce hemorrhagic 
infarction of the cortex and underlying white matter, often 
inducing convulsions that are resistant to therapy. 


The prototypic patient with acute pyogenic men- 
ingitis has a fever and the general signs of an infection 
with the symptoms and signs of meningeal irritation: 
headache, photophobia, irritability, clouding of con- 
sciousness, and a stiff neck. A spinal tap yields cloudy 
or frankly purulent CSF, under increased pressure, 
with up to 90,000 polymorphs per mm,” a raised 
protein, and a strikingly reduced sugar content. Bacteria 
can be seen on smear or cultured easily on appropriate 
media, sometimes hours before the polymorphs appear. 

In the past the usual outcome of pyogenic menin- 
gitis, if untreated, was death. Recovery, when it did 
occur, was accompanied by fibroblastic proliferation, 
producing adhesions between the meninges and the 
brain. In many cases, a basal adhesive arachnoiditis 
followed, obliterating the subarachnoid space around 
the brain stem and occluding the foramina of Magendie 
and Luschka. The resulting hydrocephalus was often 
fatal. Even with modern antibiotic treatment, hydro- 
cephalus may still be a sequela, particularly in pneu- 
mococcal meningitis in which large quantities of the 
capsular polysaccharide of the organism produce an 
especially glutinous exudate that encourages arachnoid 
fibrosis. A particular current problem is meningitis in 
the immunosuppressed patient. It is often caused by an 
unusual agent, pursues a particularly fulminant course, 
and has atypical CSF findings, all of which render the 
diagnosis more urgent and more difficult. 
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An acute so-called chemical meningitis can be 
caused by the release or insertion of irritative substances 
such as procaine and methotrexate, into the CSF. In 
such instances there is a CSF polymorph pleocytosis 
with a raised protein but usually a normal sugar content, 
and of course no organisms can be seen or cultured.” 


Infections 


Acute Lymphocytic Meningitis 


Viral meningitis presents in much the same way as 
bacterial meningitis with the clinical signs and symptoms 
of meningeal irritation, but the course is generally less 
fulminant and the CSF findings are markedly different. 
There is a lymphocytic rather than neutrophilic pleo- 
cytosis; protein elevation is only moderate and the sugar 
content is nearly always normal in sharp contrast to the 
reduced CSF sugar content in the bacterial meningi- 
tides. The acute viral meningitides are self-limiting and 
only symptomatic treatment is necessary; there are none 
of the life-threatening secondary complications that oc- 
cur in pyogenic meningitis. Many different viruses have 
been isolated from these cases, including mumps, 
ECHO viruses, Coxsackie, Epstein-Barr virus, and 
herpes simplex type II, but viruses can be identified in 
only two-thirds of the cases at best. 


Chronic Meningitis 


Several different agents produce a much more 
slowly evolving type of meningeal infection. The pro- 
totypic form of chronic meningitis is that produced by 
Mycobacterium tuberculosis, but all the indolent infec- 
tions in the meninges may produce similar changes. 


With tuberculosis, the meninges are filled with a gelati- 
nous or fibrinous exudate in which focal densities may be 
visible grossly. These changes are usually most obvious 
around the base of the brain and extending into the lateral 
sulcus. Microscopically, the meningeal exudate is composed 
of varying mixtures of chronic inflammatory cells including 
lymphocytes, plasma cells, macrophages, and fibroblasts. 
The focal densities are tubercles, sometimes with caseous 
centers and giant cells. They are most frequently seen along 
the course of the cerebral vessels. In late cases there may 
be a dense fibrous arachnoiditis, most conspicuous around 
the base of the brain. 


Clinically, tuberculous meningitis presents with 
relatively generalized neurologic complaints of headache 
and malaise, mental confusion, and vomiting.”® The CSF 
has only a moderate pleocytosis of up to about 1000 
cells (the usual value is around 100), which are composed 
of either entirely mononuclear cells or a mixture of 
polymorphs and mononuclear cells. The protein is ele- 
vated, often strikingly so, and the sugar typically is 
moderately reduced, but may be normal. The most 
feared, and sometimes devastating, complications of this 
type of meningitis are consequences of the continuing 
chronic inflammatory reaction in the subarachnoid 
space. The arachnoid fibrosis, already alluded to, pro- 
duces hydrocephalus. The inflammatory reaction around 
the vessels of the subarachnoid space may cause obli- 
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terative endarteritis. Affected vessels may be occluded 
to produce infarctions in the underlying brain. The 
clinical consequences depend on which vessel is oc- 
cluded, but may be catastrophic, as, for instance, with 
occlusion of the anterior spinal artery. The cranial 
nerves, which necessarily pass through the subarachnoid 
space, may also be affected, either directly by the 
infection, or by the associated inflammatory reaction. A 
continuing infectious process in the subarachnoid space 
also increases the likelihood of spread of infection into 
the parenchyma of the brain, thereby producing a 
meningoencephalitis. 

Other organisms that produce meningitis with sim- 
ilar chronic inflammatory and granulomatous features 
include bacteria such as Treponema pallidum (syphilis) 
and Brucella sp., and many of the fungi such as Cocci- 
dioides and Candida. The complications of obliterative 
endarteritis and cranial nerve damage may occur with 
these organisms and also in other conditions that are 
granulomatous in character but not known to be infec- 
tive, e.g., sarcoid® and granulomatous arteritis.*’ Clin- 
ically, all these involvements tend to present with rather 
nonspecific complaints similar to those of tuberculous 
meningitis. Likewise, the CSF usually has a moderate 
pleocytosis, a raised protein, and a variably reduced 
sugar content. Etiologic diagnosis can sometimes be 
made serologically, or occasionally by visualization or 
culture of the causative organism. 


CRYPTOCOCCAL MENINGITIS 


The meningeal infection caused by the cryptococcus 
differs from the general run of fungal meningitides, 
mostly by virtue of its clinical and pathologic variability. 
Pathologically, this organism sometimes elicits only a 
trivial inflammatory response, even in the presence of 
many organisms. Clinically, its course may be fulminant 
and fatal in as little as two weeks, or indolent over 
months or even years. The CSF, particularly in indolent 
cases, may have few cells but a notably high protein 
(over 500 mg/dl), and often the mucoid encapsulated 
yeasts seen in the CSF,” can be visualized by India ink 
preparations. The most reliable diagnostic test is, how- 
ever, identification of cryptococcal antigen in the CSF. 


Subdural Empyema 


Bacterial, or occasionally, fungal infection of the 
skull bones or air sinuses can spread, through either the 
bones themselves or the air sinuses, to the subdural 
space and produce a subdural empyema. The underlying 
arachnoid mater and subarachnoid space are usually 
unaffected, but the pus may form a layer thick enough 
to compress the underlying brain. Further, a thrombo- 
phlebitis may develop in the cerebral veins that cross 
the affected subdural space and cause venous infarction 
of the brain with permanent sequelae. Resolution of the 
empyema occurs from the dural side, and if the patient 
recovers completely, a thickened dural undersurface 
may be the only residual. 


Most patients with a subdural empyema have an 
accompanying sinusitis with fever. Subsequently, leth- 
argy, coma, and focal neurologic signs develop. Neck 
stiffness is almost always present. As with other para- 
meningeal infective foci (e.g., cerebral abscesses), the 
CSF has an elevated pressure, protein, and white cell 
count, but a normal glucose content. If diagnosis and 
treatment are prompt, patients usually recover without 
neurologic deficits. 


ENCEPHALITIS 


In principle, it would be correct to call any infection 
of the brain an encephalitis, since this term implies an 
inflammatory state in the brain and is not etiologically 
specific. In practice, however, it is used inconsistently, 
being most often employed for the more diffuse types 
of infection typified by the arbovirus encephalitides (p. 
1383), but it may also be used for focal disease as in 
herpes simplex encephalitis (p. 1383). Pathologically, 
parenchymal infections of the brain are best classified 
by their causative organisms and divided into bacterial, 
viral, and fungal infections. 


Bacterial Infections 


Most CNS bacterial infections manifest as menin- 
gitis, but bacteria may invade the brain from a preex- 
isting meningitis to produce a meningoencephalitis. 
However, parenchymal infection may occur without 
meningitis, as in the parenchymal forms of tuberculosis 
and neurosyphilis. 


TUBERCULOSIS 


As well as a chronic meningitis (p. 1379), tubercu- 
losis may occur in the nervous system as an intrapa- 
renchymal tuberculoma. The organisms seed the brain 
by blood-borne infection and produce tuberculomas that 
are well-circumscribed masses with a central core of 
caseous necrosis surrounded by a typically tuberculous 
cellular reaction. Organisms can often be seen with 
acid-fast stains. Calcification may occur in inactive le- 
sions. 

Although now rare in the United States and Eu- 
rope, tuberculomas represent up to 25% of intracranial 
masses in India and South America. In about 25% of 
patients they are multiple, and only about 50% of 
patients have a previous history of tuberculosis.*! Curi- 
ously, in children they are usually found in the posterior 
fossa, whereas in adults they are predominantly supra- 
tentorial. They present, like other expanding intracra- 
nial masses, with focal brain dysfunction together with 
the more generalized signs of raised intracranial pres- 
sure (p. 1375). By CT scan they appear as focal lesions. 
Treatment is by antituberculous chemotherapy, fol- 
lowed if necessary by surgery. 

Tuberculosis of the spine (Pott’s disease) (p. 1325) 
may, by vertebral collapse, produce spinal cord injury 
through compression. 


NEUROSYPHILIS 


It is traditional to devote a large amount of space 
to a detailed description of neurosyphilis, but in modern 
practice in the Western world new cases of neurosyphilis 
are rarely encountered. What follows is a greatly abbre- 
viated account; fuller discussions can be found else- 
where.* 

Neurosyphilis is the tertiary stage of the disease. 
All patients have to pass through the primary and 
secondary stages, during which time the infection may 
be deliberately or inadvertently treated or may die out 
of its own accord. Only about 10% of those at risk 
develop neurosyphilis. The major types of neurosyphilis 
are: 

Meningitic. Meningitic neurosyphilis is a chronic 
low-grade meningitis (p. 1379) in which the principal 
damage to the nervous system is produced by endarter- 
itis obliterans. 

Paretic. This form is produced by diffuse parenchy- 
mal invasion by the treponema. The persistent infection 
produces diffuse brain atrophy. Microscopically, there 
is loss of cortical neurons with proliferation of the 
microglia (rod cells) and gliosis, which produces the 
“windswept cortical appearance. Appropriate stains 
demonstrate enormous numbers of spirochetes. As 
might be surmised from the diffuse pathologic involve- 
ment, this variant of neurosyphilis presents as an initially 
insidious but relentlessly progressive loss of mental and 
physical functions with mood alterations (including the 
well-known delusions of grandeur), terminating in a 
dementia of the most extreme and bizarre variety. Once 
the disease becomes symptomatic, treatment can only 
arrest but not reverse the decline in neurologic function. 

Tabes Dorsalis (Locomotor Ataxia). In tabes, the 
spirochete attacks the sensory nerves in the dorsal roots 
and produces, among other features, impaired joint 
position sense leading to ataxia (the locomotor ataxia); 
loss of pain sensation leading to skin and joint damage 
(Charcot joints); and other sensory disturbances, partic- 
ularly the characteristic “lightning pains,” and absent 
deep tendon reflexes. Less well explained, but typically 
present, are Argyll-Robertson pupils, which react to 
accommodation but not to light. Microscopically, there 
is fibrosis and loss of axons and myelin in the dorsal 
roots, with consequent atrophy in the dorsal columns of 
the spinal cord. 


Although these forms of neurosyphilis are described 
as separate entities, patients often show incomplete and 
mixed pictures. 


BRAIN ABSCESS 


Abscesses in the substance of the brain may arise 
from direct implantation of organisms by trauma, by 
extension from nearby foci of infection (especially mas- 
toiditis), or by hematogenous spread, particularly from 
a primary source in lung, heart, or distal bones. Al- 
though acute bacterial endocarditis may produce miliary 
multiple abscesses, it does not usually cause a large 
solitary abscess. Cyanotic congenital heart disease is 
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associated with a high incidence of cerebral abscesses. 
This is thought to be due to a right-to-left shunt and 
loss of pulmonary filtration of organisms. The microflora 
of intracranial abscesses is varied but includes many 
anaerobic organisms, of which the anaerobic streptococci 
and Bacteroides fragilis are the most common. Other 
common organisms are aerobic streptococci and Staph- 
ylococcus species.™ 


Infections 


An abscess due to mastoiditis is usually preceded by 
an epidural extension from the infecting site, with spread 
into either the cerebellar hemisphere or the temporal lobe. 
During the stage of invasion, the changes are those of an 
abscess occurring anywhere. There may be a “cellulitis” of 
brain substance, which then settles down into a nidus of 
organisms and necrotic tissue. Adhesions of the meninges 
then usually seal off the point of entry from the rest of the 
subarachnoid space. Gradually, as elsewhere, an abscess 
expands, destroying and compressing tissues in the process 
(Fig. 29-7). As in the somatic organs, brain abscesses are 
surrounded by a fibrous capsule. This is one of the few 
instances in which there is fibrosis with collagen production 
in the brain. The fibroblasts that produce this collagen are 
derived from the walls of the blood vessels that proliferate 
around the edge of the necrotic brain. Outside the fibrous 
capsule is a zone of conventional gliosis. It is probable that 
this exuberant formation of new vessels is responsible for 
the pronounced vasogenic edema (p. 1375) so characteristic 
around brain abscesses. The inflammatory reaction, both 
acute and chronic, associated with this advancing infection 
is reflected in the CSF by an increased pressure and raised 
white cell count and protein, but a normal sugar content. No 
organisms are present in the CSF unless the abscess has 
ruptured into a ventricle or the subarachnoid space. 


Figure 29-7. Frontal abscesses (arrows). 
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The patient with a brain abscess presents with 
general complaints relating to the raised intracranial 
pressure caused by the mass effect, and focal complaints 
referable to the area of brain involved. Abscesses are so 
destructive of tissue that a focal deficit is almost always 
present. Hemiparesis and convulsions in cerebral ab- 
scesses, and cerebellar incoordination in cerebellar 
abscesses® are among the more dramatic signs. A sys- 
temic or local source of infection is usually detectable, 
but a small systemic focus may have ceased to be 
symptomatic by the time the patient presents with 
evidence of brain involvement. Death may result from 
increased intracranial pressure and secondary hernia- 
tion. Rupture of the abscess may lead to ventriculitis, 
meningitis, and sinus thrombosis. With surgery and 
antibiotics, the otherwise inevitable mortality can be 
reduced to less than 20%. 


Viral Diseases 


Viral diseases in general have been discussed al- 
ready (p. 277); here, reference will be made only to 
those aspects not already covered that are particularly 
germane to disease of the nervous system. 

The CNS can be affected by a multitude of viruses 
that may prdduce a meningitis or may affect primarily 
the brain or spinal cord. In these latter types of infection 
there is almost always some reaction in the leptomen- 
inges, so that in the early stages at least there are 
inflammatory cells in the CSF. Almost always, viral 
disease of the nervous system has been preceded by a 
primary infection, or at least colonization, elsewhere. 
Sometimes, as with varicella zoster, the primary infec- 
tion is another recognized disease, in this example 
chickenpox; however, it is often nonspecific, as in the 
gastroenteritis of poliomyelitis, or even unknown, as in 
progressive multifocal leukoencephalopathy (PML) in 
which there is only serologic evidence of previous 
infection. Rabies is an exception in that the virus is 
directly inoculated into the peripheral nerves, through 
which it ascends to the brain. 


The most characteristic histologic change in viral 
diseases is a mononuclear cell infiltrate (lymphocytes, 
plasma cells, and macrophages), generally located 
around blood vessels (Fig. 29-8). The presence of glial 
nodules (p. 1374) and neuronophagia (p. 1374) also 
suggest viral disease. However, too much reliance should 
not be placed on these histologic features, since both 
mononuclear infiltrates and glial nodules can be seen in 
conditions in which viruses are not thought to be involved. 
A more direct expressian of viral involvement is seen in the 
intranuclear inclusion bodies seen in some forms of viral 
infection. The only diagnostic inclusion is the intracyto- 
plasmic Negri body of rabies (p. 1384). 

A particularly striking feature of viral infections of the 
nervous system is the degree of tropism exhibited by some 
viruses.*° Herpes zoster and poliomyelitis virus, for example, 
affect only specific subpopulations of neurons, the dorsal 
root ganglion cells, and the anterior horn motor neurons, 
respectively. Other viruses affect whole classes of cells; the 
virus of PML infects primarily oligodendroglia, and rabies 
virus attacks only neurons. Herpes simplex, although it 
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Figure 29-8. Perivascular mononuclear cell infiltrate typical of a 
viral infection (H and E stain). 


infects all types of neural cells, is geographically restricted, 
affecting principally the temporal lobes. The basis for these 
different specificities is not clear, but they probably reflect 
surface receptor interactions between the host cells and the 
infecting virus. 


The capacity of some viruses for latency is important 
in viral diseases of the nervous system. Herpes simplex 
(p. 284) and varicella zoster (p. 1384) can remain latent 
in their host cells in the nervous system, to be reacti- 
vated months or years after the initial infection. The 
slow virus diseases (p. 1385) have both a long latent 
period and an illness that, when it finally becomes 
manifest, pursues a prolonged clinical course, evolving 
like a slow motion picture of an acute disease that is 
quite unlike the usual pattern of infection. 

It should not be thought that infections, overt or 
otherwise, make up the full gamut of viral effects on 
the nervous system. Systemic viral infections may oc- 
casionally be followed by an immune-mediated perive- 
nous encephalitis (p. 1412) with no viral penetration of 
the nervous system. Reye’s syndrome (p. 941), a condi- 
tion of unknown but possibly toxic etiology, occurs most 
frequently after viral infection, usually influenza or 
chickenpox,* and is associated with severe, often fatal, 
brain edema. Congenital malformations can also be 
attributed to intrauterine viral infection, as occurs with 
rubella. 

A few words are appropriate about the diagnosis of 
viral disease in the nervous system. At one time, virus 


identification depended on culture and serologic detec- 
tion. When no effective treatment was available, these 
somewhat leisurely methods were quite appropriate. 
Today, when treatment is possible, speedier recognition 
is desirable. Brain biopsy permits direct immunoflu- 
orescent localization and identification of the virus, 
giving a specific diagnosis in minutes.*® This is particu- 
larly important in the diagnosis of herpes simplex en- 
cephalitis. Iu other parts of the diagnostic jungle, how- 
ever, and particularly with the latent and slow viruses, 
these agents have become so adept at camouflage that 
they can sometimes be detected only by more arcane 
methods such as co-cultivation and nucleic acid hybrid- 
ization. Despite this array of diagnostic sophistication, 
it must be admitted that a virus is identified in only 
30% of cases of presumed “viral encephalitis’ and in 
only about 40% of fatal cases.°° 


VIRAL ENCEPHALITIS 


Diffuse viral infection of the brain is usually mani- 
fested clinically by global deficits such as seizures, 
confusion, stupor, coma, or delirium. Often there are 
also focal nervous system impairments such as reflex 
asymmetry, involuntary movements, or ocular palsies. 
The CSF is usually colorless, but with slightly elevated 
pressure, and initially a polymorph pleocytosis that 
rapidly converts to lymphocytes. The CSF protein is 
usually raised, but glucose and chloride levels are almost 
invariably normal. To give an idea of the size of the 
problem in the U.S., about 1500 cases of presumed viral 
encephalitis are reported each year to the Centers for 
Disease Control.*® Of these, only about 500 actually 
have a virus identified. Almost all the diagnosed cases 
fall into five general groups (number of cases for 1978 
in parentheses): arboviral (143); enteroviral (40); associ- 
ated with childhood infections (measles, mumps, chick- 
enpox, rubella) (80); respiratory (70); other known agents 
(cytomegalovirus, herpes simplex, herpes zoster, Ep- 
stein-Barr virus (99), as the major culprits. Because so 
many types of virus cause encephalitis, it is impractical 
to consider each separately. Only the most common, 
and those with specific or illustrative features, will be 
discussed here. 

Arthropod-borne encephalitides are generalized 
encephalitides characterized by a panencephalitis with- 
out conspicuous localizing features, and associated with 
a perivascular mononuclear reaction and a moderate 
CSF pleocytosis. Most outbreaks of epidemic encepha- 
litis are due to arthropod-borne viruses (arboviruses). 
The specific causative agents differ around the world. 
In the Western hemisphere, the most important ones 
are eastern and western equine, Venezuelan, St. Louis, 
and California encephalitis. Types found elsewhere in- 
clude Japanese B (Far East), tick-borne (U.S.S.R. and 
eastern Europe), and Murray Valley (Australia and New 
Guinea). All have vertebrate hosts and mosquito vectors, 
except for the tick-borne. These viruses have many 
common properties, so that some investigators wish to 
group them collectively as encephaloviruses. 

Eastern equine encephalitis (EEE) may serve as 
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the example for all the arbovirus encephalitides. It was 
initially described in horses in 1933, and the first human 
cases were reported in 1939 when an outbreak in 
children followed an epidemic in horses. Serologic stud- 
ies indicate that only about 5% of exposed persons 
develop encephalitis, but the mortality rate is 80%. 
Some survivors recover completely, but others, espe- 
cially young children, are left with serious residual 
disability. 


Infections 


EEE is a meningoencephalitis with perivascular inflam- 
matory cells, many focal areas of necrosis, and selective 
neuronal necrosis with neuronophagia. In severe cases there 
may be a vasculitis with vascular necrosis. The location of 
the most severe damage varies, some cases having a 
predominantly cortical involvement, whereas in others the 
basal ganglia bear the brunt. In both eastern and western 
equine encephalitis, large numbers of polymorphs appear in 
the brain and CSF early in the disease. However, the CSF 
sugar is not decreased even when the cell count is exclu- 
sively polymorphonuclear. 


The other arbovirus encephalitides differ in epide- 
miology and prognosis, but pathologically their appear- 
ance is very similar except for variations in severity and 
a tendency for there to be fewer polymorphs. There are 
no consistently reliable morphologic distinguishing fea- 
tures. 

In the arbovirus encephalitides, the brain is the 
principal site of significant infection, but there are other 
viral diseases in which encephalitis is an occasional and 
sometimes severe complication, e.g., measles, rubella, 
and chickenpox. Most of these cases are probably ex- 
amples of allergic perivenous encephalomyelitis (p. 
1412), but in some cases such as EB virus and mumps 
the fact that virus can be recovered from the CSF is 
suggestive of direct neurotropic infection. 

Herpes simplex (p. 284) in the nervous system 
illustrates features seen in some infections: i.e., the 
same agent may produce a number of different diseases, 
depending on the location of the injury and the state of 
the patient. HSV I (herpes labialis) has been implicated 
in at least four conditions: 

1. Herpes labialis, the common cold sore, from 
which HSV I can be isolated. The virus can also be 
isolated from the cells of the geniculate ganglion both 
during and between crops of skin vesicles. 

2. HSV I encephalitis (adult form) typically involves 
the inferior and medial regions of the temporal lobes 
and the orbital gyri of the frontal lobes. Hemorrhagic 
necrosis and perivascular infiltrates are usually present, 
and inclusion bodies (p. 1382) may be found in neurons 
and glial cells. It may occur in any age group, but is 
most often seen in children and young adults. Many 
cases are fatal, but some patients survive with severe 
dementia and, because of the temporal lobe damage, a 
striking memory loss. Others may make a complete 
recovery. Most cases of so-called “acute necrotizing 
encephalitis’ are probably due to herpes simplex. The 
emergence of effective therapy for HSV I encephalitis 
(adenine arabinoside A or acyclovir) has generated a 
requirement for rapid diagnosis, which can be achieved 
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by the immunofluorescent or electron microscopic dem- 
onstration of virus in brain biopsy material. Treatment 
of this disease has reduced mortality to about 30%, 
compared with 70% in controls.*° 

3. HSV I encephalitis (neonatal) differs from the 
adult form in that the encephalitis affects the entire 
brain. The basis for this dissimilarity is not known, but 
it is speculated that there are differences in surface 
receptors in neonatal and adult brains. 

4. Benign recurrent (Mollaret) meningitis is a rare, 
self-limiting, recurrent meningitis. HSV I has been 
isolated from at least one case,*! but it is probable that 
not all cases of this disease have the same cause. 

In addition to these HSV I syndromes, HSV II 
(genitalis) also affects the nervous system and is respon- 
sible for most cases of herpetic viral meningitis. More 
ominously, it causes a generalized and severe encepha- 
litis in neonates. With the current prevalence and 
resistance to treatment of herpes genitalis, obstetric 
practice is moving toward recommending cesarean sec- 
tion in cases of active herpes genitalis rather than 
submitting the baby to the risk of encephalitis engen- 
dered by delivery through an infected birth canal. 

Rabies, usually transmitted by the bite of a rabid 
dog, produces a characteristic and severe encephalitis 
that is almost always fatal. 


THE NERVOUS SYSTEM 


On gross examination, the brain shows intense edema 
and vascular congestion. Microscopically, there is wide- 
spread and severe neuronal degeneration. The severity and 
extent of the inflammatory reaction is greatest in the basal 
nuclei, the midbrain, and the floor of the fourth ventricle, 
particularly in the medulla. Negri bodies are the diagnostic 
histologic feature. These are eosinophilic cytoplasmic in- 
clusions, usually rounded, oval, or bullet shaped, and often 
multiple. Found only in neurons, they are most frequently 
seen in the large neurons of Ammon’s horn in the temporal 
lobe, and in the Purkinje cells of the cerebellum. In addition 
to the brain changes, there may be involvement of the spinal 
cord and dorsal root ganglia.*? *° 


The virus enters the CNS by ascending along 
peripheral nerves from the wound. The incubation 
period depends on the distance of the wound from the 
brain and varies between one and three months. Clini- 
cally, the onset is nonspecific with general malaise, 
headache, and moderate fever. The conjunction of these 
symptoms with local paresthesias around the wound is 
diagnostic. In the advanced clinical syndrome the pa- 
tient presents a picture of extraordinary CNS excitabil- 
ity; the slightest touch is painful and minute movements 
provoke myriad motor responses, progressing to violent 
convulsions. There are signs of meningeal irritation and, 
as the disease progresses, flaccid paralysis. Periods of 
alternating mania and stupor progress to coma and death 
from respiratory center failure. 

Herpes zoster infection, usually of adults (p. 285) 
in its most common clinical form, is a vesicular, often 
painful, skin eruption in the distribution of one or more 
spinal or cranial sensory nerve roots. This disease is a 
recrudescence of varicella infection, with viral persist- 
ence in sensory ganglion neurons. Often, it appears in 


persons with underlying cancer or systemic disease, or 
who are predisposed owing to chemotherapy or immu- 
nodeficiency. The skin lesions are always associated with 
involvement of the corresponding dorsal root ganglion 
or gasserian ganglion, with varying degrees of spread 
both distally and proximally in nervous structures. In a 
small percentage of cases, segmental motor impairment 
can accompany the sensory change. Rarely, a wide- 
spread encephalomyelitis can occur.** Varicella zoster 
virus is recoverable from the lesions either of skin or of 
nervous tissue in most cases. 


On gross examination, the affected dorsal root ganglion 
and the nearby root are congested, edematous, and often 
hemorrhagic. Even when there is no corresponding skin 
lesion, the adjacent ipsilateral ganglia may participate in the 
pathologic process. On histologic examination, the affected 
ganglia show an infiltration by lymphocytes, sometimes 
accompanied by hemorrhage and necrosis. Ganglion cells 
can be seen in various stages of disintegration. Inclusion 
bodies (p. 1382) may be found in satellite cells and in 
remaining ganglion cells. 


Most patients recover, albeit sometimes slowly, 
from herpes neuritis, ganglionitis, radiculitis, or myeli- 
tis. In severe cases, however, the involved structures 
are destroyed, and secondary degeneration is seen in 
peripheral nerve and posterior columns of the spinal 
cord. Such patients have so-called “residual postherpetic 
neuralgia.” Interferon administration seems to have a 
beneficial effect in the treatment of severe herpes zoster. 

Poliomyelitis, at one time a fearsome infection, is 
an enterovirus disease that extends to the nervous 
system, specifically the lower motor neurons. The virus 
exists in at least three variants, known as Brunhilde 
(type I), Lansing (type II), and Leon (type III). Type I 
is generally the most virulent. Outbreaks of the disease 
occur principally in summer, although sporadically at 
other times. The synonym is “infantile paralysis,” but 
in the last several outbreaks older children and adults 
were more often affected, and some of the most cata- 
strophic paralyses occurred in adults. In recent years, 
immunization has greatly reduced the number of cases 
of crippling acute anterior poliomyelitis, and there is 
reason to hope that this disease will never again be a 
serious threat. However, there remains in the popula- 
tion a large number of patients who have suffered the 
crippling effects of this disease, and for this reason alone 
it is still worthy of study. 


On gross examination of acute cases, the brain and 
cord are congested and edematous, and small hemorrhages 
may be seen. These changes are nonspecific and are often 
seen in patients dying of respiratory failure. Cavitation in the 
anterior horns is a rare finding. Microscopically, there are 
often a few lymphocytes in the meninges, and mononuclear 
cells form perivascular cuffs around meningeal and paren- 
chymal blood vessels. The most important feature is the 
change in the nerve cells. Experimentally, when virus gains 
access to the nerve cells it produces cytoplasmic swelling, 
chromatolysis, and nuclear displacement. Presumably, some 
cells are affected to the extent that their function is lost, but 
their capacity for recovery remains. There may be no cellular 


reaction around such cells. The next step is cell destruction, 
and all degrees of swollen and shrunken cells can be seen, 
their nuclear and cytoplasmic envelopes broken down. In 
early cases, these cells may be surrounded by neutrophils, 
but sometimes only a microglial and histiocytic reaction is 
present. The dead cells are eventually replaced by gliosis. 

The major target of the injury is the anterior horn cell of 
the spinal cord. The motor nuclei of the cranial nerves may 
be involved, but only rarely is there destruction of large 
numbers of nerve cells. Occasionally, in very fulminant 
cases, the posterior horns and even the white matter of the 
cord are affected. In such cases it is not unusual to find 
some cell loss and inflammatory nodules in the pons, mid- 
brain, and diencephalon. Grossly, long-standing cases show 
visible atrophy of anterior roots, peripheral nerves, and 
dependent muscle, and microscopically, gliosis of the af- 
fected anterior horns with loss of neurons. 


Clinically, the CNS involvement is marked by the 
development of headache, stiff neck, and stiff back, 
which occur within a few days of the appearance of the 
generalized somatic complaints. In most patiunts, the 
disease remits at this stage or even earlier, but in a few 
it goes on to produce focal nervous system destruction 
that manifests as lower motor neuron paralysis. In the 
affected spinal segments the paralysis is often perma- 
nent, but this is rare in the cranial nerve (bulbar) 
territories. Although poliovirus may affect the dien- 
cephalic nuclei and even the cerebral cortex, a truly 
encephalitic picture is rare. When death occurs it is 
usually due to paralysis of the respiratory muscles, which 
is secondary to infection of the anterior horn cells of the 
phrenic and intercostal nerves, although the medullary 
respiratory center may also be directly involved. The 
only permanent neurologic residual of poliomyelitis is a 
lower motor neuron paralysis. Severe myocarditis oc- 
casionally complicates or terminates the clinical course. 
Rarely, Coxsackie viruses cause diagnostic confusion 
because they may mimic poliomyelitis, but the paralysis 
in such infections, although occasionally severe, is usu- 
ally transitory. 

Postencephalitic parkinsonism (von Economo’s dis- 
ease) is a late sequela of a presumed viral epidemic that 
spread throughout the world around 1915, particularly 
in eastern Europe, and which in some cases produced 
an acute encephalitis (encephalitis lethargica). The con- 
dition is discussed in more detail in the section on 
degenerative diseases on page 1414. 


SLow Virus DISEASES 


So far we have been discussing viruses that may be 
latent but, when they produce disease, cause an acute 
febrile illness that is recognizably infective in character. 
The agents that cause slow virus diseases not only have 
a long latent period but also, when they produce disease, 
cause one that evolves at a much slower pace than 
normal infection and does not clinically resemble an 
infection at all. Since 1958, when the concept was first 
formulated,® advances in our understanding of these 
diseases have made it appropriate to divide them into 
two groups. 
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1. True slow virus infections have a recognizable 
or known viral cause, such as subacute sclerosing pan- 
encephalitis (SSPE), progressive multifocal leukoen- 
cephalopathy (PML), and progressive rubella panen- 
cephalitis.* 

2. The unconventional agent (spongiform) enceph- 
alopathies (Kuru and Jakob-Creutzfeldt disease in hu- 
mans) have a distinct histologic appearance and are 
caused by agents not yet identified, which have some 
resemblance to conventional viruses but clearly lack 
many of their characteristics. 

Subacute sclerosing panencephalitis (SSPE) is a 
slow virus infection of relatively recent recognition. In 
1933, Dawson described an “inclusion body encepha- 
litis’ characterized clinically by involuntary movements 
and progressive mental retardation. Van Bogaert (1945) 
reported a clinically similar disease that he called sub- 
acute sclerosing leukoencephalitis. It is clear that both 
authors were describing the same disease, now called 
subacute sclerosing panencephalitis (SSPE). The disease 
generally attacks children, although it can sometimes 
be seen in adolescents and young adults. It has always 
been preceded by an attack of measles, often unusually 
early in life, or, occasionally by previous immunization 
against measles. The onset of the condition is usually 
heralded by personality changes, followed by the de- 
velopment of involuntary movements. The electroen- 
cephalogram exhibits characteristic bursts of high-volt- 
age activity. In most cases the disease progresses 
relentlessly to death. 


Infections 


On gross examination, the brain may be normal or 
unusually firm and may contain regions of granularity and 
focal destruction. Microscopically, there is a perivascular 
mononuclear cell infiltrate, and inclusion bodies are seen in 
neurons and oligodendroglia. Neuronophagia and extensive 
neuronal loss are present in severely involved regions. 
Dense fibrillary gliosis follows as the process becomes older. 
Electron microscopy shows that the inclusion bodies contain 
particles similar to measles virus (p. 282). 


The epidemiologic and electron microscopic evi- 
dence strongly favors measles virus as the cause of 
SSPE. Much other recent data are available that throw 
a light on the course as well as the cause of the disease. 
Although many inclusion bodies and viral particles are 
seen in the brain, measles virus can be grown only by 
co-cultivation with other types of cells. The reason for 
this requirement has become apparent from studies of 
the CSF. The CSF in SSPE contains large amounts of 
oligoclonal immunoglobulins; analysis of these has 
shown that many of them are directed against compo- 
nents of the measles virus.*? However, no antibody is 
present to the nonglycosylated M protein associated 
with the inner surface of the viral membrane and 
apparently important in the assembly of the virus par- 
ticle. It appears that, for reasons currently unknown, 
the brain cells do not synthesize the M protein and thus 
are unable to produce fully assembled virus.” *! This 
probably. explains the necessity for co-cultivation for the 
production of virus particles. It may also help to explain 
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the protracted course of the disease in the presence of 
what appear to be large quantities of virus. 

Progressive multifocal leukoencephalopathy (PML) 
is a rare viral infection of oligodendrocytes that causes 
primary demyelination (p. 1410) as its principal patho- 
logic effect. It was first described in 1958 and occurs in 
association with advanced hematologic malignancies,” 
immunosuppressive therapy, immunodeficiency dis- 
eases (including acquired immune deficiency syndrome, 
AIDS),*® and chronic debilitating disease (tuberculosis, 
sarcoidosis, and rheumatoid arthritis). In most cases, 
the associated illnesses have been present for months 
or years before PML becomes clinically manifest. Given 
the nature of the associated conditions, most cases are 
in middle-aged patients, but the condition does occur 
in children. It becomes clinically apparent by the de- 
velopment of protean but focal and relentlessly progres- 
sive neurologic symptoms and signs. CT scans show 
extensive, often multifocal areas of lucency in the hemi- 
spheric and/or cerebellar white matter. All attempts at 
treatment, including large doses of interferon, have so 
far been unavailing. 


THE NERVOUS SYSTEM 


Grossly, the affected white matter has irregular margins; 
a sunken, gray, translucent appearance; and a soft texture. 
Microscopically, there are numerous areas of demyelination, 
ranging in size from minute foci to huge confluent lesions 
affecting whole lobes. The cerebrum, brain stem, cerebellum, 
and (rarely) spinal cord can all be involved. The appearance 
of the oligodendrocytes is diagnostic; their nuclei are still 
spherical but grossly enlarged, and contain inclusion bodies 
that range from violet smudges to discrete homogeneous 
eosinophilic masses. They are most frequently seen at the 
edges of the lesions. There are also characteristic bizarre 
giant astrocytes, with irregular, hyperchromatic, sometimes 
multiple nuclei. Reactive fibrillary astrocytes are scattered 
among the bizarre forms, but there is strikingly little inflam- 
matory reaction. Axons transversing the lesions are con- 
spicuously preserved. Electron microscopy shows. that 
the enlarged oligodendrocyte nuclei contain numerous pa- 
povavirus-like particles, often in paracrystalline arrays. Iso- 
lated virus particles are sometimes seen in astrocyte nuclei. 


Two closely related papovaviruses have been im- 
plicated in this disorder, one called JC (the initials of a 
patient and unrelated to Jakob-Creutzfeldt disease) (p. 
1387), which accounts for almost all the cases, and SV40, 
which has been found in at least two patients.** About 
65% of normal persons show serologic evidence, in the 
form of specific antibodies, of exposure to JC virus by 
the age of 12 years.*> However, it is not known whether 
the development of PML represents the rekindling of 
old infection or a new infection in a particularly suscep- 
tible host. 


UNCONVENTIONAL AGENT (SPONGIFORM) 
ENCEPHALOPATHIES 


A major advance in the understanding of diseases 
of the nervous system is the recognition of conditions 
caused by transmissible agents that lack many of the 
characteristics of conventional viruses and have incu- 


bation periods measured in months to years. These 


unconventional agents are implicated in at least two 
diseases of humans—kuru and subacute spongiform 
encephalopathy (Jakob-Creutzfeldt disease)—and in re- 
lated conditions in animals—scrapie in sheep and goats 
and transmissible encephalopathy in mink. Microscopi- 
cally, all these conditions are characterized by a spongi- 
form change in gray matter (Fig. 29-9), and their 
similarity is emphasized by the fact that scrapie and 
Jakob-Creutzfeldt tissue when injected into monkeys 
produce the same disease. Kuru and Jakob-Creutzfeldt 
disease have both been transmitted from humans to 
primates” by intracerebral, intramuscular, intraperito- 
neal, and subcutaneous inoculation of infected tissue. 
After a long latent period (generally about 18 months), 
the inoculated animals develop CNS changes identical 
to those seen in humans. 

In some ways these agents are similar to conven- 
tional viruses: they are filterable, titrate cleanly, and 
have distinctive host specificities. On the other hand, 
they differ from conventional viruses in that they are (1) 
resistant to formalin and to inactivation by other physi- 
cochemical agents; (2) have an atypical resistance to 
ultraviolet and ionizing radiation; (3) are not visible in 
the electron microscope; and (4) do not invoke either 
an immune or an inflammatory reaction in the host. 
They are inactivated by autoclaving, hypochlorite solu- 
tions, and alcoholic iodine. Recent work on the scrapie 
agent may have gone some way toward clarification of 
the general nature of these unconventional agents.* °° 
The results suggest that the agent contains a protein of 
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Figure 29-9. Status spongiosus—characteristic of unconventional 


“slow” virus infections. Vacuoles are located in the neuropil. Note 
absence of an inflammatory infiltrate. (H and E stain.) 


molecular weight between 27K and 30K daltons. The 
infectious properties of this protein are abolished by 
procedures that denature proteins, but are unaffected 
by methods that disrupt nucleic acids, all of which 
suggests that nucleic acid may not be an essential part 
of the infectious particle. If this work is confirmed, this 
agent is unconventional indeed and quite different from 
all other viruses, viroids, and plasmids. Immediate 
questions arise about its mechanism of replication and 
infectivity, to name only the most obvious problems. 
Much work remains to be done and radical changes may 
occur in our ideas about these agents. As putative pro- 
teinaceous infective particles, they have been tentatively 
called “prions.” 

Subacute spongiform encephalopathy (Jakob- 
Creutzfeldt disease, transmissible agent dementia) are 
all synonyms for a rare but well-characterized disease 
that presents clinically as a rapidly progressive demen- 
tia. Despite the demonstrated experimental transmissi- 
bility of its causative agent, it is sporadic in its occur- 
rence with a worldwide incidence of about one per 
million, and there is no discernible pattern of exposure 
in the patient population. The natural mode of trans- 
mission in humans is wholly obscure,” although in a 
few cases iatrogenic transmission by medical proce- 
dures, such as corneal transplantation, has occurred.® 


Morphologically, the diagnostic feature is the presence 


of spongiform change (“bubbles and holes”) in the cortex 
(Fig. 29-9), and sometimes the basal ganglia.© In the later 
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stages there is also gross neuronal loss and an accom- 
panying marked fibrillary gliosis. An inflammatory infiltrate is 
notably absent. By electron microscopy the “holes” appear 
as intracytoplasmic membrane-bound vacuoles in neuronal 
and glial processes. They contain curled membranous struc- 
tures (Fig. 29—10).*' Kuru plaques (see below) occur in about 
10% of cases in the affected cortex. The progress of the 
disease is usually so rapid that, despite the degree of 
neuronal loss, there is little if any gross atrophy of the brain. 


Infections 


The clinical picture is quite typical. Abnormalities 
of personality and visual/spatial coordination are gener- 
ally the first signs of illness and are rapidly followed by 
a progressive severe dementia with myoclonus. The 
CSF is normal except for an occasional mild elevation 
of protein. The EEG picture is initially normal but later 
develops a characteristic pattern. The disease is uni- 
formly fatal, with an average duration of seven months, 
although survival for three years has been recorded. All 
treatments have so far been unavailing. 

Kuru is confined to the Fore tribe of the eastern 
highlands of Papua-New Guinea, among whom the 
disease was transmitted by cannibalism. At one time it 
was the cause of death in 90% of women of the tribe 
since they mainly come into contact with or ate the 
brains of the deceased. With the termination of canni- 
balism in this tribe, the disease has all but disappeared. 
Clinically, it is characterized by cerebellar ataxia and a 
“shivering tremor that progresses to complete motor 
incapacity and death from intercurrent infection or 


Figure 29-10. Scanning electron micrograph of a large vacuole in a monkey with transmitted Jakob- 
Creutzfeldt disease. Inset shows an enlargement of the area inside the small square. (From Chou, 
S. M., et al.: Transmission and scanning electron microscopy of spongiform change in Creutzfeldt- 


Jakob disease. Brain 103:885, 1980.) 
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malnutrition in less than one year after its onset. De- 
mentia is not a prominent feature but may occur in the 
terminal stage. Qualitatively, the morphologic changes 
in the CNS are similar to those in Jakob-Creutzfeldt 
disease. However, in contrast to the latter, they are 
most prominent in the cerebellum and striatum. Amy- 
loid bodies with radially arranged spicules (kuru plaques) 
occur in about 60% of cases. 


THE NERVOUS SYSTEM 


Fungal Infections 


As with the systemic deep mycoses (p. 352), fungal 
disease of the CNS, in modern Western practice, is 
most frequently encountered in patients with cancer 
and lymphomas,” © or in those who are immunocom- 
promised.* In these settings the brain usually is in- 
volved only late in the disease when there is widespread 
hematogenous dissemination of the organism, most often 
Candida albicans, Phycomycetes, Aspergillus fumigatus, 
and Cryptococcus neoformans (Torula histolytica). Less 
frequently seen, and then usually in the endemic areas, 
are the more traditional agents such as Histoplasma 
capsulatum, Coccidioides immitis, and Blastomyces der- 
matitidis. A broad range of other agents have also been 
found on rare occasions. 

There are three basic patterns of fungal infection 
in the CNS: chronic meningitis, fungal vasculitis, and 
parenchymal invasion. 

Chronic meningitis has already been discussed on 
page 1379, and will not be further considered here. 

Fungal vasculitis is most frequently seen with Phy- 
comycetes and Aspergillus infections, both of which have 
a marked predilection for invasion of blood vessel walls, 
but it may also occasionally be found with other organ- 
isms, including Candida. This causes thrombosis of the 
affected vessel, producing a cerebral infarction that is 
often strikingly hemorrhagic, and subsequently becomes 
septic from ingrowth of the causative fungus. Clinically, 
brain involvement is usually indicated by the appearance 
of a cerebral infarction or infarctions, in patients having 
systemic infections with these fungi. 

Most of the fungi that can affect the nervous system 
are capable of parenchymal invasion, usually in the form 
of granulomas or abscesses. The two most commonly 
encountered are Candida albicans and Cryptococcus 
neoformans. Candida usually produces multiple mi- 
croabscesses, with or without giant cell and granuloma 
formation; these are not generally large enough to 
produce focal symptoms. In cryptococcosis, parenchy- 
mal invasion is seen as cysts, which may be numerous, 
and measure up to 2 to 3 mm in diameter. Organisms 
are present within these cysts, but there is strikingly 
little gliosis or inflammatory reaction around them. With 
all these fungi, parenchymal invasion may, and often 
does, coexist with a fungal meningitis. 

Although most fungi arrive in the brain by hema- 
togenous dissemination, direct extension may also occur, 
particularly with the Phycomycetes, that have a predi- 
lection for growth in air sinuses, and Actinomyces, which 
in its craniofacial form may occasionally invade the brain. 


Other Infections 


Protozoal diseases such as malaria, toxoplasmosis, 
amebiasis, and trypanosomiasis; rickettsial infections 
(typhus, Rocky Mountain spotted fever); and metazoal 
diseases such as echinococcosis and cysticercosis may 
also involve the CNS and are discussed in Chapter 8. 
Of these, cerebral toxoplasmosis merits a brief mention 
because, in its acquired adult form, it occurs only in 
the immunosuppressed population, is particularly com- 
mon in AIDS, and is treatable. Pathologically, it is a 
rapidly progressive, multifocal, necrotizing, and often 
hemorrhagic encephalitis. The organisms are present in 
the characteristic pseudocysts and free in the tissue, 
and usually are most easily seen at the margins of the 
necrotic areas. 

In this brief summary of infections, there has been 
a considerable bias toward diseases encountered in 
Western European and North American practice. Out- 
side these privileged areas, however, cerebral malaria, 
cysticercosis, and tuberculosis are probably the most 
common infections of the nervous system. 


VASCULAR DISEASES 


The importance of vascular disease of the brain can 
hardly be overstated because, notwithstanding a recent 
and gratifying decrease in its incidence,” it has been 
estimated to account for 50% of the neurologic problems 
encountered in general hospitals. The major categories 
to be discussed are (1) hypoxia, ischemia, and infarction; 
(2) intracranial hemorrhage and vascular malforma- 
tions; and (3) hypertensive encephalopathy. 


HYPOXIA, ISCHEMIA, AND INFARCTION 


Although the brain makes up only 2% of body 
weight, it receives one-sixth of resting cardiac output 
and accounts for 20% of oxygen consumption. In consid- 
ering the consequences of oxygen deprivation, it is 
important to distinguish carefully between hypoxia and 
ischemia.” Hypoxia is deprivation of oxygen with main- 
tained blood flow, whereas ischemia occurs when blood 
flow is greatly reduced or interrupted. The cellular 
pathophysiology of these two situations is quite differ- 
ent,® and the brain has a very different sensitivity to 
them. Hypoxia is seen in circumstances such as exposure 
to reduced atmospheric pressure; patients show eu- 
phoria, listlessness, drowsiness, apathy, and defective 
judgement. If the hypoxia is severe, and especially when 
it is sudden, unconsciousness and convulsions may 
occur. Contrary to popular belief, however, neurons are 
actually quite tolerant of pure hypoxia and capable of 
substantial anaerobic respiration. In animal experiments 
in which the circulation is artificially maintained, a Po, 
of 20 torr has been tolerated for as long as 25 minutes. 
Pure hypoxic brain damage is not often seen pathologi- 
cally, because most of the more severe hypoxic states 


rapidly induce a concomitant cardiac arrest, thereby 
producing an ischemic state. 

In contrast to their response to hypoxia, neurons 
are especially vulnerable to ischemia, being able to 
tolerate it for only three to four minutes without per- 
manent damage. Lesser degrees of ischemia produce 
individual cell necrosis of neurons, but when the is- 
chemia is sufficiently severe and/or prolonged, paren- 
chymal necrosis occurs, embracing all the cellular ele- 
ments (i.e., an infarction). There is thus a gradation of 
severity between ischemic damage and infarction, with 
no absolute dividing line between them. Although there 
is a pathophysiologic continuum between these two 
states, the two terms in clinical practice are usually 
attached to specific types of clinical syndrome. By 
convention, ischemic encephalopathy is used when there 
has been a generalized reduction of cerebral perfusion 
producing widespread ischemic damage that may even 
include areas of crude tissue necrosis (such as border 
zone infarcts, described later). The term cerebral in- 
farction is usually reserved for the focal brain necrosis 
that follows obstruction of blood flow to a localized area 
of the brain. 

The cerebral circulation is specially adapted for 
maintenance of adequate flow in a number of ways. 
There is autoregulation of cerebral perfusion so that 
blood flow is constant and independent of systemic 
blood pressure over a wide range of pressures. This is 
achieved by control of the cerebrovascular resistance. 
Also, interconnections between cerebral vessels amel- 
iorate the consequence of single vessel obstruction. 
Occlusion of an artery such as the internal carotid can 
be, and often is, compensated for by anastomoses of the 
circle of Willis. Thus, vascular occlusion, particularly if 
it occurs gradually in an extracranial vessel, does not 
necessarily result in an infarction, or even ischemic 
damage. Although rather less complete, there is also 
some degree of anastomosis between the major intra- 
cerebral arteries. However, it is widely held that infarc- 
tions may occasionally occur without a vascular occlusion 
if there is both a severe stenosis in an artery and a 
sudden reduction in cerebral perfusion, such as occurs 
in a brief cardiac arrest, or during surgery if there is a 
major hemorrhage. 


Ischemic Encephalopathy 


The mechanisms that operate to protect the brain 
against ischemia become ineffective in the more extreme 
degrees of change and in the presence of preexisting 
cerebrovascular disease. In the normal person, the 
systolic blood pressure may drop acutely to 70 mm Hg 
without necessarily producing brain dysfunction. How- 
ever, a patient with severe cerebral atherosclerosis or 
established hypertension may suffer ischemic damage 
with lesser falls in systolic blood pressure. 


The changes seen in the brain depend on the duration 
and intensity of the ischemia and on the length of survival. 
When the insult has been slight, the nerve cells recover 
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function and no anatomic change occurs. In patients who 
survive only a few minutes or hours, no changes are seen 
regardless of the severity of the insult. The first demonstrable 
change, seen after survival for 12 to 24 hours, is in the 
nerve cells. The large cells of Sommer’s sector of the 
hippocampus and the Purkinje cells of the cerebellum seem 
to be the most vulnerable. All forms of ischemia initially 
result in either swelling or shrinkage of neurons. Shortly 
thereafter, affected neurons may develop ischemic cell 
change (p. 1372). In the cortex, the process is usually 
widespread but not completely uniform; clusters of damaged 
cells may be found next to unaffected cells, even in the 
same cortical lamina. Subsequently, the nerve cells die and 
disappear, to be replaced by fibrillary gliosis. Frank cortical 
necrosis followed by gliosis occurs in areas of greater 
destruction, so that laminar necrosis interrupts the normal 
continuity of the cerebral cortex. In long-term survivors, the 
degree of cortical atrophy is proportional to the degree of 
cortical destruction. In generalized reductions of cerebral 
perfusion, the most severe ischemia is suffered by tissue 
supplied by the most distal branches of the arteries. This 
may be severe enough to result in wedge-shaped areas of 
tis{ue necrosis in the junctional zones between the major 
arterial territories, called border zone or watershed infarcts. 
In the cerebral hemispheres, the border zone between the 
anterior and middle cerebral artery territories seems to be 
most at risk. Damage to this region produces a linear 
parasagittal infarction, usually with some expansion over the 
lateral occipital gyri, the precise geometry of the infarct being 
governed by the degree of ischemia and the extent of the 
local vessel narrowing in the affected region. Border zone 
infarcts are invariably seen in the context of generalized 
severe ischemic encephalopathy. 


Vascular Diseases 


Ischemic encephalopathy occurs in circumstances 
of profound systemic hypotension and, probably most 
often, in cardiac arrest when resuscitation has not been 
sufficiently expeditious. With lesser degrees of ischemia, 
there may be only a transient postischemic confusional 
state. When the ischemia is more severe and/or pro- 
longed, a picture of decortication may emerge, charac- 
terized by head retraction, arm flexion, and rigid exten- 
sion of the legs. When there is sufficient associated 
brain swelling, herniation may occur, and decorticate 
posturing may be converted into the more severe de- 
cerebrate state. Patients who survive these degrees of 
ischemic encephalopathy are invariably left with a con- 
siderable deficit; they may be demented or have bilat- 
eral spasticity, and some become liable to recurrent 
convulsions. 


Cerebral Infarction 


Most cerebral infarctions are caused by a local 
vascular obstruction of some sort and are either throm- 
botic or embolic. However, infarction also occurs when 
cerebral arteries are compressed against unyielding 
dural folds during cerebral herniation, and occasionally 
it occurs without obstruction when there is a severe 
reduction in cerebral perfusion and marked narrowing 
of one or more vessels. 

Both embolic and compressive arterial occlusions 
are often only temporary and, either by relief of obstruc- 
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tion or the establishment of collateral flow, reflow of 
blood may occur into the infarcted area. When this 
happens, blood enters vessels rendered abnormally 
permeable by ischemia and, not surprisingly, leaks out, 
converting a previously anemic (bland) infarct into a 
hemorrhagic one. 


THE NERVOUS SYSTEM 


On gross examination, anemic (bland) infarctions are 
not detectable with any certainty until six to 12 hours after 
their occurrence. The earliest visible change is a slight 
discoloration and softening of the affected area, so that the 
gray matter structure becomes blurred and the white matter 
loses its normal fine-grained appearance (Fig. 29-11). Within 
48 to 72 hours, necrosis is well established and there is 
softening and disintegration of the ischemic area with pro- 
nounced circumlesional swelling that may, in lesions of 
sufficient size, produce brain herniations. As resolution pro- 
ceeds there is liquefaction, resulting in cyst formation with 
lesions of sufficient size. These cysts are traversed by 
trabeculations of blood vessels and surrounded by firm glial 
tissue (Fig. 29-12). The leptomeninges, when involved, 
become thickened and opaque and may form the outer wall 
of the cyst. 

The first histologic change, seen after six to 12 hours, 
is a diffuse reduction in the staining intensity of the tissue. 
In chromatic stains, the first discrete change is in the nerve 
cell bodies, with disarrangement and disorganization of the 
cytoplasm and nuclear chromatin. In addition, but probably 
following the initial swelling of the cells, there are large 
numbers of red neurons (p. 1372) suffering from ischemic 
damage. Special stains reveal fragmentation of axons and 


Figure 29—11. Section of brain showing both bland and hemorrhagic 
infarcts. The bland infarct is the large oval discolored region in the 
middle of the hemisphere (upper left). The hemorrhagic infarct 
involves the cortex over the posterior-medial region of the same 
hemisphere. 


Figure 29-12. Old cystic infarct. 


early disintegration of myelin sheaths; there is also loss of 
oligodendrocytes and astrocytes. 

At about 48 hours, the blood vessels stand out promi- 
nently, and some neutrophils begin to pass through the 
vessel walls and into the tissue. Occasionally, this response 
is so intense as to simulate a septic infarct, but usually it is 
replaced at 72 to 96 hours by the aggregation of macro- 
phages around blood vessels. At this stage the macrophages 
are the dominant reactive cells, attaining their maximal 
number at about two weeks. After this they gradually dis- 
appear, but even years later they may still be found in the 
interstices of old infarcts. Astrocytosis becomes prominent 
during the second week and eventually, as the final stage 
in the resolution of an infarct, results in fibrillary gliosis, 
which encloses or replaces the necrotic region. The time 
required for an infarct to resolve ranges from weeks to many 
months, depending on its size. 

Hemorrhagic infarcts, as already indicated, are usually 
seen in embolic or compressive infarcts. Grossly, the hem- 
orrhage in these infarcts is confined to the cortex (Fig. 
29-11); the infarcted white matter does not become hem- 
orrhagic. This difference probably reflects the different cali- 
ber of vessel in the cortex and white matter. Hemorrhage 
does not seem to affect the processes of infarct resolution, 
except that, histologically, many of the macrophages contain 
hemosiderin. 

Lacunes (little lakes) are small infarcts ranging from a 
few millimeters to 15 mm in diameter, most commonly found 
in the deep portions of the brain, especially the putamen, 
thalamus, internal capsule, basis pontis, and hemispheric 
white matter.”* Their occurrence is particularly associated 
with systemic arterial hypertension and they are thought to 
result from the occlusion of deep arterioles, either by emboli 
or by hypertensive hyalinization of these arterioles.” Pig- 


mented macrophages can be found in some lacunes, sug- 
gesting that a hemorrhagic component may have been 
present or that they may have been minute hemorrhages. 


The symptoms and signs produced by a cerebral 
infarction depend on the location of the infarcted area 
and its size. Good descriptions of the many syndromes 
of infarction can be found in neurology texts, but a few 
generalizations and some examples are helpful to an 
understanding of the variety of their pathophysiology. 

Stupor and/or coma accompanying cerebral infarc- 
tion is usually a consequence of either extensive bilateral 
hemispheric injury or damage to the ascending reticular 
formation in the midbrain and pons. With hemispheric 
lesions, any depression in the level of consciousness 
implies a large infarct with associated cerebral swelling. 
In contrast, damage to the reticular formation can be 
produced by small infarctions. The distinction between 
these two situations is made by the other localizing 
signs and symptoms that accompany the loss of con- 
sciousness. 

Convulsions at the onset of an infarct are uncom- 
mon. When they occur they are most frequently asso- 
ciated with embolic infarcts and cerebral hemorrhages. 
However, they are relatively common as a late conse- 
quence of infarcts and can usually be correlated with 
scarring of the cortex. 

Of all the arterial occlusion syndromes, those as- 
sociated with obstruction of the internal carotid artery 
produce the most varied symptomatology, ranging from 
being symptomless to the production of a catastrophic 
hemiplegia. The reason for this variability lies in the 
ability of the anastomotic connections of the circle of 
Willis to compensate for the occlusion. As might be 
expected, gradual occlusion is more likely to be symp- 
tomless than is rapid obstruction. Conversely, a sudden 
obstruction may produce infarction in the territory of 
the middle, anterior, and even sometimes posterior 
cerebral artery on the affected side. Infarcts of this size 
are particularly likely to produce depression in the level 
of consciousness secondary to herniation. Atheroscle- 
rotic stenosis of the internal carotid artery without 
complete obstruction may also be symptomatic. The 
stenosis usually occurs at the bifurcation of the common 
carotid artery. Most of the symptoms take the form of 
transient ischemic attacks (TIAs) (p. 1394). There is still 
controversy about the best treatment for symptomatic 
carotid stenosis, surgical or medical. 

Obstructions of the major intracranial arteries pro- 
duce stereotyped syndromes, specific to each artery. 
Most of these occlusions are embolic. Involvement of 
the middle cerebral artery and its branches is the most 
frequent and provides good examples of the type of 
syndromes to be expected. Total infarction of the terri- 
tory supplied by the middle cerebral artery will involve 
much of the caudate, all of the lentiform nucleus, and 
the intervening internal capsule, all supplied by the 
lenticulostriate branches. Also, the cortex of the insula 
and the superior and inferior lips of the sylvian fissure 
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will be infarcted, thereby involving parts of the frontal, 
parietal, and temporal lobes. Clinically, because of the 
infarction of the internal capsule, there will be a dense 
hemiplegia involving both contralateral limbs and the 
face, a cortical hemisensory deficit, and usually a visual 
field quadrantanopia. If the left hemisphere is infarcted, 
there will also be severe aphasia in 95% of cases. 

The middle cerebral artery usually has two major 
branches, a superior division that supplies the frontal 
and parietal cortex making up the upper lip of the 
sylvian fissure, and an inferior division that supplies the 
temporal lobe component of the middle cerebral terri- 
tory. Obstruction of the left superior division produces 
a hemiparesis worse in the face and arm (because only 
the cortical and not the internal capsule motor fibers 
are affected), a cortical hemisensory deficit, and a non- 
fluent (Broca) type of aphasia. With a lower division 
infarction there will be a fluent (Wernicke) type of 
aphasia and usually a visual field cut, but no hemiparesis 
or sensory defect since no motor or sensory cortex is 
infarcted. Infarctions in smaller branches of the artery 
produce correspondingly smaller deficits. Infarctiong jn 
other vascular territories produce equally distinctive 
clinical syndromes that, when elicited by history and 
examination, usually permit identification of the affected 
arterial territory. 

Mention must also be made of the infarctions that 
follow venous obstruction. Because of the great collat- 
eralization of the cerebral venous drainage, infarction 
only follows either occlusion of a large sinus or wide- 
spread smaller vein obstruction. It is most commonly 
seen in occlusion of the superior sagittal sinus, which is 
itself most often the consequence of the predisposition 
to thrombosis associated with cancer.” The infarctions 
are characteristically bilateral, parasagittal, multiple, 
and hemorrhagic, with hemorrage in both gray and 
white matter. Clinically, these infarctions are often 
distinguished by the occurrence of particularly intract- 
able seizures. 
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INTRACRANIAL HEMORRHAGE 


Intracranial hemorrhage, as in hemorrhage in other 
organs may be due either to actual physical disruption 
of vessel walls or to a hemorrhagic diathesis (p. 643). 
Intracranial hemorrhage is classified according to its 
location as follows: 

1. Cerebral hemorrhage, which is hemorrhage into 
the brain parenchyma and is most commonly due to 
hypertension. 

2. Subarachnoid (sometimes with adjacent intra- 
cerebral) hemorrhage (nontraumatic), caused most com- 
monly by a ruptured berry aneurysm. 

3. Epidural and subdural hemorrhage, seen most 
frequently in association with trauma and therefore 
discussed under that heading (p. 1396). 

4. Mixed types of 1, 2, and 3, often caused by 
vascular malformations. 
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Hemorrhage into the brain substance is most com- 
monly caused by hypertensive vascular disease, but 
trauma, rupture of aneurysms, angiomas, blood dyscra- 
sias, and bleeding into tumors also cause intracerebral 
hemorrhage. Atherosclerosis without hypertension is 
not a cause. In routine autopsies in large general hos- 
pitals, hypertension is 10 to 20 times more frequent 
than all the other causes. Hypertensive hemorrhage into 
the brain is also the most common cause of death among 
the cerebral vascular diseases. Although infarcts are 
more common, they do not cause death unless they are 
massive or are in critical locations (e.g., brain stem). In 
contrast, recovery after hypertensive hemorrhage, al- 
though possible, is infrequent. 

The mechanism of hypertensive cerebral hemor- 
rhage is not understood, although certain facts are 
generally agreed. It occurs in patients who have had 
significant systolic-diastolic elevations for at least several 
years. The occurrence of the hemorrhage is usually 
related to at least mild exertion; it almost never happens 
during sleep. Some have theorized that arteriolar ne- 
crosis or microaneurysms (Charcot-Bouchard aneu- 
rysms) in the small arteries precipitate the hemorrhage. 
However, there is no good explanation of the pathogen- 
esis. What is known is that a blood vessel may burst 
within the brain substance in a hypertensive patient. 


Major sites of bleeding in large series are the putamen 
(55%); cortex and subcortex (15%); thalamus (10%); pons 
(10%); and cerebellar hemisphere (10%). Whatever their 
size, shape, or location, these hemorrhages tend to push 
parenchymal structures aside rather than destroy them. This 
may account for the improvement in neurologic function in 
the rare surviving patient. It is important to distinguish 
between a true hemorrhage and a hemorrhagic infarct. A 
hemorrhagic infarct corresponds to the supply of a given 
artery; a hemorrhage often overlaps arterial supplies. In the 
former, the architecture of the tissue remains, with diape- 
desis of red blood cells into the tissue surrounding the blood 
vessels; in the latter, the architecture is displaced and 
replaced by blood. Under some circumstances, an infarct 
may be so hemorrhagic that it may be difficult to distinguish 
from a true hemorrhage. 

Most hemorrhages are of large size. Infrequently, one 
sees a relatively small, slitlike lesion beneath the cortex or 
in the lateral basal ganglia, or a small rounded lesion in the 
thalamus (Fig. 29-13A) or cerebellum, but for the most part 
hypertensive hemorrhage is a massive lesion, occupying 25 
to 80% of the entire hemisphere (Fig. 29-138). The tissue 
in the path is displaced by the bleeding, and around the 
edge the remaining tissue is compressed, distorted, and 
discolored. Peripheral hemorrhages of small and large size 
around vessels are common. Edema is massive; the ventri- 
cles are displaced, the ipsilateral one compressed. Hernia- 
tions are the rule: tentorial and subfalcial in cerebral hem- 
orrhage, foraminal in brain stem and cerebellar hemorrhage. 
Rupture into the ventricle occurs in almost all large intracere- 
bral hemorrhages, and into the subarachnoid space in some. 

Resolution of a hemorrhage begins with the appearance 
of macrophages and reactive fibrillary astrocytes. Macro- 
phages eventually clear the tissue of blood, resulting in a 
cavity surrounded by dense, fibrillary gliosis and hemosid- 


Figure 29-13. A, Hypertensive hemorrhage, thalamus. B, Massive 
hypertensive hemorrhage, rupturing into lateral ventricle. 


erin-laden macrophages. An old healed hemorrhage may be 
difficult to distinguish from a similarly resolved old infarct, 
although a resolved hemorrhage in most cases contains 
more hemosiderin-laden macrophages. 

Hypertensive cerebral vascular disease is essentially a 
disorder of smaller arteries and arterioles. Therefore, in 
hypertensive hemorrhage the vascular changes seen are 
thickening of the walls of these vessels; increase in cellularity 
of some; and hyalinization, sometimes with necrosis, of 
others. Although in many cases of hypertension there is 
concomitant severe atherosclerosis, this is not a necessary 
association, and in many cases of hypertensive hemorrhage 
there is no atherosclerosis of the circle of Willis or of the 
smaller vessels. 


Supratentorial hemorrhages tend to present as 
hemiplegias, often with an eye-movement disorder. In 
the posterior fossa, cerebellar hematomas produce 
symptoms such as intractable vomiting, whereas pontine 
bleeding may generate bilateral long tract signs from 
involvement of the corticospinal tracts in the basis pontis 
and extraocular movement disorders secondary to dis- 
ruption of the visual apparatus in the floor of the fourth 
ventricle. If there is substantial bleeding and consequent 
mass effect, the signs of raised intracranial pressure, 
coma, and the syndromes of herniation (p. 1375) rapidly 
begin to dominate the clinical picture. 


Subarachnoid Hemorrhage (Berry Aneurysm) 


Aneurysms (p. 529) are a common cause of signifi- 
cant subarachnoid hemorrhage. Aneurysms can be de- 
velopmental (saccular, “congenital,” berry), arterioscle- 
rotic (fusiform), inflammatory (mycotic),: or traumatic. 
Here we shall discuss only the developmental berry 
aneurysm, because 95% of ruptured intracranial aneu- 
rysms are of this type. In 20 to 30% of cases, there is 
more than one aneurysm. 


Most berry aneurysms bleed into the subarachnoid 
space and, to a lesser extent, into the adjacent CNS tissue 
(Fig. 29-14). Some aneurysms, however, such as those on 
the anterior communicating artery, may rupture into the CNS 
with very little bleeding into the subarachnoid space. The 
location of resultant hemorrhage depends on the site and 
orientation of the ruptured aneurysm, but the magnitude of 
the hemorrhage bears no relation to the size of the aneu- 
rysm. Often the entire subarachnoid space is filled with 
blood. 

On gross examination, a saccular aneurysm is charac- 
terized by ballooning of the vessel wall into a “berry-like” 
structure that is attached to the vessel by a neck (Figs. 
29-15 and 29-16). On microscopic examination, the dome 
of the aneurysm shows fragmentation of the internal elastica 
and degeneration or absence of its smooth muscle wall. 
Only a thin fibrous wall may remain and is the most common 
site for these aneurysms to rupture. Characteristically, sac- 
cular aneurysms occur in the major branches of the circle 
of Willis. About 94% are located in the internal carotid artery 
circulation, as contrasted to 6% in the vertebral-basilar artery 
circulation. The most common sites of rupture are the 
posterior communicating artery (25%), anterior communicat- 
ing artery (23%), and middle cerebral bifurcation (16%). 


Two theories have been proposed concerning the 
pathogenesis of aneurysm formation. One postulates a 
congenital defect in the internal elastic lamina and 
muscle wall. The other contends that wall degeneration 
is secondary to such “acquired” processes as atheroscle- 
rosis, hypertension, and abnormal hemodynamics. Be- 
cause of the uncertainty, the terms berry, develop- 
mental, or saccular aneurysm are preferred to 
congenital. 


Figure 29-14. Subarachnoid hemorrhage covering the left cerebral 
hemisphere. 
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Figure 29-15. Berry aneurysm of middle cerebral artery. The 
vessels have been dissected away from the brain. 


Rupture may occur at any age—rarely in infancy 
and childhood, most commonly in young and middle- 
aged adults, and with a greater than usually realized 
frequency in old age. Rupture of an aneurysm is not 
inevitable; not infrequently, intact berry aneurysms are 
found at autopsy as incidental findings. The prognosis 
of rupture appears to be enhanced by significant hyper- 
tension. Rupture usually, but not always, follows some 
exertion. The clinical course of a ruptured aneurysm is 
quite characteristic. Patients usually complain of a rap- 
idly developing occipital headache and suddenly become 
unconscious. In most cases, they improve and are awake 
again within minutes. Arteriography (Fig. 29-16), CT 


Figure 29—16. Cerebral arteriogram showing berry aneurysm arising 
from anterior communicating artery. 
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scan, and the presence of blood in the CSF are helpful 
in the diagnosis of a ruptured aneurysm and in deter- 
mining its location. About 25 to 50% of patients die 
with the first rupture. Rebleeding is common in indi- 
viduals who survive, although it is impossible to predict 
in which patient this will occur; when it does, the 
prognosis is much more grave. Other complications 
include infarction, hydrocephalus, herniation, and brain 
stem hemorrhage. 

Four to nine days following rupture, some patients 
show additional neurologic deficits such as hemiplegia, 
caused by either penetrating intracerebral hemorrhage 
or ischemic necrosis associated with vascular spasm or 
narrowing.’® Arterial spasm can be confirmed with ar- 
teriography in about 40% of patients with ruptured 
aneurysms. Postmortem examination of patients with 
vasospasm frequently discloses infarcts in the territory 
supplied by the vessel with the aneurysm or by sur- 
rounding vessels without thromboses.” The effect of the 
subarachnoid hemorrhage on surrounding vessels is 
controversial. Experimentally, platelet products and red 
cell lysates have caused constriction in cerebral vessels, 
but whether these play a role in humans is unknown.” 


Mixed CNS and Subarachnoid Hemorrhage 
(Vascular Malformations) 


Hemorrhage from a vascular malformation occurs 
within both the CNS and the subarachnoid space in up 
to 67% of cases. It is confined to the subarachnoid space 
in about 25% and to the CNS in about 8% of cases. 
Vascular malformations are traditionally divided into 
arteriovenous malformations (AVM), capillary telangiec- 
tases, and cavernous angiomas.’! 

Arteriovenous malformations consist of tangles of 
abnormal vessels or channels of various sizes that have 
characteristics of arteries and veins. Ninety per cent of 
AVMs are in the cerebral hemispheres; half of these are 
predominantly located on the surface of the brain and 
the other half more deeply. The abnormal vessels within 
brain substance are separated by gliotic tissue in which 
there is either recent hemorrhage or evidence of old 
bleeding, in the form of hemosiderin-laden macro- 
phages. Irregular feeding arteries supply the vascular 
tangle, and veins that drain the malformation can usually 
be found. 

Bleeding from AVMs is clinically most frequent 
between the ages of 10 and 30; after 60 it is rare. Males 
are affected twice as often as females. Subarachnoid and 
intracerebral hemorrhage associated with seizures is the 
most common clinical presentation. The most frequent 
site of bleeding is in the region of the middle cerebral 
artery. Pure venous malformations have also been de- 
scribed. 

Capillary telangiectases and cavernous angiomas 
can be briefly discussed together. Capillary telangiec- 
tasias are composed of small capillary-like vessels that 
are separated from each other by brain tissue, as con- 
trasted to cavernous angiomas, which are composed of 
larger, irregular, thin-walled channels frequently back- 


to-back without intervening brain tissue. These two 
types of vascular malformation are sometimes seen 
together. Capillary telangiectases almost never bleed, 
although cavernous angiomas sometimes do. 


INFARCTION, HEMORRHAGE, AND “STROKE” 


“Stroke” or cerebrovascular accident (CVA) is the 
term applied to the acute onset of a focal neurologic 
deficit, such as a hemiparesis, caused by a vascular 
event of some sort. As described in the foregoing 
paragraphs, several different types of vascular event can 
cause stroke, notably thrombosis, embolism, lacunar 
infarction, and intracerebral hemorrhage. Clinically, it 
is important to distinguish among these processes, and 
typically each has a characteristic clinical presentation 
and course that assists etiologic diagnosis. 

Thromboses are usually atherosclerotic and gener- 
ally occur in the larger arteries of the brain, notably the 
internal carotid, vertebral, and lower basilar. Infre- 
quently, but significantly for therapeutic and prognostic 
reasons, thrombi follow other pathologic processes such 
as arteritides and hypercoagulable states. In contrast to 
atherosclerotic occlusions, these processes may affect 
arteries of all diameters. Atherosclerotic thromboses 
usually form gradually, producing a “stuttering” clinical 
course over several days during which time the patients 
may plateau and then deteriorate further. In most cases 
only one region, supplied by a single vessel, is affected. 
About 50% of the patients who eventually develop a 
thrombotic infarct with permanent neurologic deficits 
have preceding transient attacks of neurologic impair- 
ment. The pathologic basis of these episodes is uncer- 
tain, but they are probably caused by either fleeting 
reductions of flow in the affected vessel or the produc- 
tion of ephemeral emboli, e.g., cholesterol” from ath- 
erosclerotic plaques. Whatever their etiology, which 
may be multiple, these episodes are called transient 
ischemic attacks (TIAs). They last from seconds up to 
24 hours, most being less than ten minutes long, and 
their specific neurologic features indicate the territory 
of the brain or artery involved. For example, transient 
monocular blindness (amaurosis fugax) suggests that the 
territory supplied by the carotid artery is involved. TIAs 
are particularly associated with subsequent thrombosis, 
but in a large study they have also been shown to occur 
in 23% of lacunar strokes, 11% of embolic infarcts, and 
8% of cerebral hemorrhages.” 

Emboli usually impact in the smaller cerebral ar- 
teries, often at bifurcations. The most frequently af- 
fected territory is that of the middle cerebral artery, in 
which 90% of occlusions are embolic in origin. Despite 
their frequency, emboli are rarely found at postmortem 
examination, probably because they fragment, migrate, 
or lyse. Their origins are extremely diverse and include 
atherosclerotic debris from ulcerated plaques, vegeta- 
tions in subacute bacterial endocarditis and nonbacterial 
thrombotic endocarditis, ventricular and atrial thrombi 
in myocardial infarction and atrial fibrillation respec- 


tively, and bone marrow emboli after trauma. Embolic 
strokes typically have a sudden onset without any pre- 
monitory warning. Depending on the source of the 
emboli, both sides of the brain or regions with different 
arterial supply may be affected. The clinical pattern is 
often that of a maximal initial deficit with subsequent 
recovery. Although most patients survive the first em- 
bolus, others may follow. In conformity with the fre- 
quently hemorrhagic nature of the infarct in embolic 
strokes, the CSF often contains red cells. 

Lacunar strokes may have an abrupt or gradual 
onset, but their diagnosis usually rests on the develop- 
ment of one of the recognized lacunar syndromes such 
as a pure motor hemiparesis or a pure sensory stroke. 
The volume of brain damaged by this process is so small 
that unless they strike at a particularly vulnerable spot 
they are asymptomatic. The most vulnerable areas of 
the brain in this context are the internal capsule and 
the basis pontis, where major tracts are compressed into 


a small volume. In a large unselected series of cerebral 


infarcts, 37% of vascular occlusions were considered to 
be embolic, 41% were large vessel thromboses, and 
22% were considered to be lacunar strokes.” 

Cerebral hemorrhage typically manifests as the 
smooth progressive or sudden onset of a stroke syn- 
drome, usually accompanied by generalized signs of 
acutely raised intracranial pressure (p. 1375). In current 
practice the CSF is not often sampled, but if it is, the 
presence of blood corroborates the diagnosis; its absence 
does not exclude it. 

These different pathophysiologic entities can usu- 
ally be distinguished by a combination of angiography 
and CT scan. The clinical presentation is not an invari- 
ably reliable guide to pathophysiology, so that strokes 
that would be diagnosed on clinical grounds as infarc- 
tions, prove to be hemorrhages, and so forth. One 
study” suggests that clinical diagnoses in all categories 
have to be changed in between 5 and 10% of cases; this 
has a measurable impact on treatment. Despite its great 
utility, CT has certain limitations, most notably with 
ischemic events, since it takes 24 to 48 hours for the 
changes in x-ray density to become apparent. More 
recent developments are positron emission tomography 
(PET) and nuclear magnetic resonance (NMR) scanning, 
which provide a more direct look at cerebral metabolic 
function. This gives a more rapid indication of the 
location of the damage and also shows areas in which 
there is ischemia short of infarction. Although currently 
under development, these techniques are likely to be- 
come widely available and have many applications to 
processes unrelated to ischemia. 


HYPERTENSIVE ENCEPHALOPATHY 


Hypertensive encephalopathy occurs as an acute 
clinical condition in which there is a severe and usually 
abrupt elevation of systolic and diastolic blood pressure, 
headache, clouding of consciousness, and convulsions, 
leading to stupor or coma. Also usually present are 
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retinal changes with papilledema, exudates, hemor- 
rhages, and a degree of renal failure. The patient may 
die or may recover. The pathogenesis is related to 
acute, severe increases in intravascular pressure. Long- 
standing hypertension is not necessary for its develop- 
ment, since it can occur in eclampsia and other acute 
hypertensive episodes, and can be produced acutely in 
experimental animals. Lowering of blood pressure also 
can produce the most extraordinary relief of signs and 
symptoms. 

Because this is essentially an acute disturbance in 
the hemodynamics of smaller arteries and arterioles, it 
is not surprising that there is no consistent clinicopatho- 
logic correlation. A few findings at autopsy are relatively 
constant. The brain is swollen, even to the development 
of herniation. On microscopic examination, there are 
the vascular changes of hypertensive disease in patients 
with long-standing hypertension, and in some of these 
individuals there may be fibrinoid necrosis of some 
vessel walls. Microinfarcts and petechial hemorrhages 
appear in some cases. There may be perivascular de- 
posits of high-protein fluid, fibrin, or round cells in 
longer-lasting cases. But this functional disorder may 
kill the patient before any of these morphologic changes 
appear. 


VASCULAR DISEASES OF SPINAL CORD 


The spinal cord has a unique pattern of blood supply 
with one anterior and two posterior spinal arteries that 
are reinforced at each vertebral level by tributaries of 
varying sizes from the intercostal arteries. This arterial 
arrangement makes the spinal cord vulnerable to is- 
chemic damage from reduced flow to the spinal arteries 
if there is complete interruption of a sufficient number 
of the tributaries. The latter is the most common 
mechanism of vascular injury to the cord, is most 
frequently seen in dissecting aortic aneurysms, and 
usually produces damage to the mid and lower thoracic 
cord. Occlusion of the anterior or other spinal arteries 
is much more rare but may occur by compression from 
a herniated disc, obliterative endarteritis (p. 1379), or 
occasionally embolism. Spinal cord hemorrhage is most 
commonly associated with trauma (p. 1399), although 
vascular malformations and tumors can sometimes 


bleed. 


TRAUMA 


Injury to the nervous system is a common and 
often dramatic accompaniment of trauma. In discussing 
the effect of mechanical injury, we will consider the 
brain, spinal cord, and peripheral nerves separately, 
because the mechanisms producing injury and the re- 
sults incurred differ for each of these structures. The 
effects of trauma to the skull and brain depend on the 
shape of the object causing the trauma, the force of 
impact, and whether the head is in motion at the time 
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of impact. A blow to the head may be penetrating or 
blunt and may result in either an open or a closed 
injury. It is important to realize that severe brain 
damage can occur in the absence of external injury, and 
conversely that severe external lacerations and even 
skull fractures do not necessarily indicate injury to the 
underlying brain. A traumatic force may pass through 
the skull, dura, leptomeninges, and subarachnoid space 
and finally into the brain. None, some, or all of these 
structures may be physically disrupted. In the following 
discussion, injury to specific anatomic structures is 
considered individually. Figure 29-17 is a diagrammatic 
summary of the various effects of trauma. 


SKULL FRACTURES 


Fractures of the skull are common complications of 
trauma to the head. These fractures may be closed or 
open, linear or comminuted, and may or may not be 


(tearing of 
meninges) 


depressed. They may be occult, or evident from the 
presence of blood or CSF draining from the nose or 
ears. Radiographic examinations are essential to an 
evaluation of patients with possible skull fractures. 


INJURY TO DURA AND LEPTOMENINGES 


Injury to the dura may produce lacerations in its 
blood vessels resulting in epidural or subdural hema- 
toma. 


Epidural Hematoma 


An epidural hematoma is a localized collection of 
blood between the skull and dura mater and is usually 
the result of a tear in the middle meningeal artery or, 
more rarely, a vein (Fig. 29-18). It occurs in 1 to 3% of 
all head injuries. An overlying skull fracture is almost 
always present.” Because they are usually a product of 
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Figure 29-17. Major complications of closed craniocerebral injury. (From Escourolle, R., and Poirier, 
J.: Manual of Basic Neuropathology. 2nd ed. Philadelphia, W. B. Saunders Co., 1978, p. 65.) 


Figure 29-18. Epidural hematoma, the result of laceration of middle 
meningeal artery caused by fracture of skull. 


arterial bleeding, epidural hematomas cause a rapid 
and progressive rise in intracranial pressure, which 
usually develops within minutes to a few hours of the 
trauma. Typically, patients recover from the initial 
trauma, the so-called lucid interval, only to slip back 
into a progressively deepening coma. Epidural hema- 
tomas are surgical emergencies that, if not immediately 
drained, will produce, in rapid succession, uncinate 
herniation, tonsillar herniation, medullary compression, 
respiratory paralysis, and death. 


Subdural Hematoma 


A subdural hematoma is a collection of blood be- 
tween the dura and arachnoid (Figs. 29-19 and 29-20). 
Subdural hematomas often result from blunt trauma 
without skull fractures, and may be either acute or 
chronic. They are most frequently located over the 
convexities of the cerebral hemispheres (bilaterally in 
15% of cases), occurring more rarely in the posterior 
fossa. 

Acute subdural hematomas are usually associated 
with obvious trauma, frequently with a laceration or 
contusion of the brain. Bleeding occurs from a tear of a 


Figure 29-19. Subdural hematoma. The thin inner membrane can 
be seen between the clot and the leptomeninges (coronal section). 
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Trauma 


Figure 29-20. CT scan of subdural hematoma overlying and com- 
pressing left cerebral hemisphere and distorting ventricular system. 
Note that less dense blood elements remain in upper zone (single 
arrow) and heavier elements remain in lower dependent zone 
(double arrow). 


bridging vein between the venous sinus and the cortex 
or from torn vessels in the underlying damaged CNS. 
In contrast to epidural hematomas, the onset of symp- 
toms is generally delayed and is manifested clinically by 
fluctuating levels of consciousness. The outcome of an 
acute subdural hematoma depends not only on the 
effectiveness of surgical treatment but also on whether 
the adjacent brain is injured. 

Chronic subdural hematoma is a less dramatic 
lesion and may be one of the most difficult of all 
neurologic conditions to diagnose. These hematomas 
often follow insignificant, sometimes forgotten trauma 
and are usually of insidious onset. Confusion, inatten- 
tion, and rarely seizures and coma develop slowly and 
progressively. Elderly patients and alcoholics are fre- 
quent victims. Previous diffuse CNS impairment such 
as dementia may mask the presence of a subdural 
hematoma. The symptoms produced are often attributed 
to other processes, such as neoplasm, brain infarction, 
and hemorrhage, and for this reason these hematomas 
are sometimes referred to as “great mimickers.” 


The sites of bleeding in most chronic subdural hema- 
tomas are the bridging veins between the dura and men- 
inges. On histologic examination, these hematomas consist 
of accumulations of blood encased by an outer membrane 
underlying the dura and an inner membrane that separates 
the blood from the adjacent arachnoid. Both membranes are 
composed of granulation tissue derived from the dura. Elec- 
tron microscopy shows that the vascular channels within the 
membranes have incompletely endothelialized walls. This 
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makes them susceptible to rebleeding with only minimal 
trauma and this may result in a progressive enlargement of 
the hematoma (Figs. 29-20 and 29-21). The theory of 
enlargement by oncotic pressure effects has now been 
discredited. Treatment consists of surgical drainage, but 
rebleeding from the membranes sometimes leads to re- 
accumulation, which may necessitate a craniotomy to re- 
move the membranes. A closely related lesion is the sub- 
dural hygroma, a subdural collection of CSF, sometimes 
blood-tinged, which can result from trauma. It is thought to 
result usually from a tear in the arachnoid membrane.” 


THE NERVOUS SYSTEM 


INJURY TO BRAIN 


Traumatic brain injury produces combinations of 
contusion, laceration, intraparenchymal hemorrhage, 
and diffuse axonal injury. The separate category of birth 
injury is discussed on page 478. Before the pathologi- 
cally well-defined entities are discussed, a few words 
are in order about the poorly defined but common 
phenomenon of cerebral concussion. 

Cerebral concussion is a transient loss of conscious- 
ness that occurs immediately following nonpenetrating 
blunt impact to the head. Generally, this occurs when 
the head, while moving, strikes or is struck by an object. 
The duration of unconsciousness is usually short—from 
seconds to minutes—although it may last several hours. 
Patients normally recover completely without neuro- 
logic deficits; on rare occasions, however, they do not 
regain consciousness, and death is sudden. No satisfac- 
tory explanation has been advanced to account for all 
the observed clinical phenomena. Concussion is proba- 
bly the result of some type of “physiologic disturbance.” 
On autopsy, brain swelling is apparent in a few patients 
who die in the acute stage of cerebral concussion, 
whereas in others who die later of a cause unrelated to 
the past trauma, old healed contusions are sometimes 
found. 

A contusion is an area of hemorrhagic necrosis that 
occurs when a blunt force crushes or bruises CNS tissue 
(Fig. 29-22). The most common site of injury is the 


Figure 29-21. Deformed left cerebral hemisphere secondary to 
massive subdural hematoma. 


Figure 29-22. Severe contusions of left frontal and temporal lobes. 
There is also massive left uncal (hippocampal) herniation and 
compression of right cerebral peduncle. 


surface of the brain, especially the crowns of the gyri, 
frequently in the subfrontal, anterior temporal, and 
occipital regions. Injury may occur at the site of impact 
(a coup lesion) or at a distance away from the point of 
impact, usually on the opposite side of the brain (a 
contrecoup lesion). The impacting force may either 
rotate the brain or pass through it. In either case, the 
brain—a semisolid structure in a solid box— strikes the 
supporting structures, such as the tentorium cerebelli 
and falx cerebri, and slams against the bony projections 
of the cranial vault, such as the orbital ridge and wing 
of the sphenoid bone. On histologic examination, acute 
contusions show foci of hemorrhagic necrosis. Later, 
macrophages remove dead tissue, and the area gradually 
resolves into an irregular, yellow-brown, rugose crater 
with a floor of glial tissue that is often covered by 
leptomeningeal fibrosis. Because of their color, these 
old contusions are referred to as “plaques jaunes.” 

A laceration, in contrast to a contusion, is a tear 
produced by a crude penetrating injury to CNS tissue, 
with subsequent hemorrhage and necrosis. A laceration 
may result from an external penetrating object or from 
penetration of a sharp fragment of skull. Resolution of 
a laceration is similar to that of a contusion, except that 
it leads to an irregular, yellow-brown, frequently linear 
gliotic scar that involves not only cortex, but also the 
deep underlying structures, including the white matter 
and sometimes the basal ganglia. 

Traumatic intraparenchymal hemorrhage usually 
occurs when there has also been contusion and/or lac- 
eration of the brain, but very occasionally is seen in 
their absence. These types of parenchymal trauma also 


frequently result in sometimes substantial leakage of 
blood into the subarachnoid space, thereby adding a 
traumatic subarachnoid hemorrhage to the already ex- 
isting damage. 

Diffuse axonal injury occurs in a group of patients 
who have severe neurologic impairment but do not have 
massive, grossly visible brain damage. Characteristi- 
cally, these patients are deeply comatose from the 
moment of injury and recover only to the point of a 
persistent vegetative state. Microscopic examination of 
the brain shows widespread diffuse white matter damage 
in the form of ruptured axons and spheroids (p. 1372). 
Older cases show microglial reaction, myelin degener- 
ation, and sometimes microcavitation.*! *2 There is some 
dispute over the pathogenesis of this lesion, but the 
most likely explanation is that shearing forces during 
the acceleration/deceleration of the brain cause physical 
rupture of axons.* 


COMPLICATIONS OF TRAUMA 


Various complications may develop in patients who 
survive the initial insult (Fig. 29-17). Posttraumatic 
brain edema may occur, especially in children, and 
herniation, brain stem compression, and Duret hemor- 
rhages may follow (Fig. 29-22). The pathogenesis of 
posttraumatic brain swelling is not well understood but 
seems to be due in part to an increase in the cerebral 
circulating blood volume, perhaps related to a defect in 
autoregulation. The cerebral edema accompanying this 
increased blood volume appears to be attributable to a 
functional disruption of the blood-brain barrier. Less 
frequently, skull fracture may provide a conduit for 
infection, especially from the ear or nose; hydrocephalus 
may develop secondary to blood or infection in the 
ventricular system, aqueduct, or subarachnoid space. 

In a few patients, death may follow shortly after 
trauma when there is no apparent physical disruption 
of tissue. How and why death occurs in these cases is 
unknown. 

Delayed sequelae of trauma include posttraumatic 
epilepsy, which usually occurs in patients who have 
sustained a cortical contusion or laceration. Its genesis 
is poorly understood. Delayed intracerebral hemor- 
rhage, the so-called “spat apoplexy,” may also follow 
trauma, for totally obscure reasons. 


TRAUMA TO SPINAL CORD 


Mechanical injury to the spinal cord occurs by 
penetration and/or compression injuries. Penetrating 
wounds are usually secondary to stabbing or shooting, 
and produce lacerations of the cord, sometimes com- 
bined with hemorrhage into the cord parenchyma (he- 
matomyelia). Compression injuries produce contusions 
of the cord and are most commonly caused by sublux- 
ation, dislocation, or fracture of the vertebrae. These 
occur most often in the cervical or lumbar regions. 
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Parenthetically, the most frequently encountered cause 
of cord compression is metastatic tumor in and around 
the spinal canal. Vertebral dislocation without perma- 
nent bone displacement sometimes causes only momen- 
tary cord compression, and the resulting “concussion” 
induces a transient loss of cord function from which 
there is usually complete recovery. More severe trauma 
may produce displacement and fracture of the vertebrae, 
with contusion, laceration, or even transection of the 
cord from which there is rarely any significant recovery. 
If, as in cervical spondylosis, the spinal canal is already 
narrowed, even small vertebral displacements may se- 
verely damage the cord. 

Particularly in spinal cord injury, associated vas- 
cular damage is often an important contributing factor, 
adding local ischemia, infarction, edema, and hemor- 
rhage to the direct physical disruption. Epidural bleed- 
ing may also exacerbate damage from other causes. 
Further, because of the arrangement of the spinal 
arterial supply, ischemia and infarction may occur at 
some distance from the point of vascular injury. Finally, 
vascular damage may affect the cord without direct cord 
injury, because severe thoracic or abdominal trauma 
can tear the intercostal arteries to the spinal cord and 
produce an infarction through reduced blood flow (p. 
1395). 


Tumors of Nervous System 


Pathologically, neurons, axons, and myelin sheaths are 
variably sheared or crushed, and there is often local necrosis 
and hemorrhage. Subsequent fibrosis and gliosis may pro- 
duce a dense collagenous scar or gliotic cavity at the site of 
the trauma. 


There are two different clinical presentations of 
spinal cord damage. In traumatic complete transectidns, 
the findings are dramatic: the initial spinal shock pro- 
duces a hyporeflexic flaccid paralysis, with anesthesia 
below the level of the lesion, and an atonic bladder. 
Later, the characteristic spastic picture with hyperre- 
flexia emerges. In more slowly developing compressions, 
such as those caused by metastatic tumor, there is often 
local pain and tenderness at the site of the compression, 
and the initial weakness, hyperreflexia, and (often) 
bowel and bladder dysfunction (typically urinary reten- 
tion with overflow) progress to spastic paralysis and 
anesthesia, usually with a sensory level. Confirmation 
of the compression may be obtained by lumbar puncture 
and myelography, which, unless it is contraindicated, 
should rapidly be followed by a decompressive laminec- 
tomy if permanent damage is ta be minimized. CT scan 
of the spinal cord is also used to evaluate damage to it. 


TUMORS OF NERVOUS SYSTEM 


In general usage, the term brain tumor is often 
used to mean any tumor found within the cranial cavity, 
but properly speaking it should be used only for neo- 
plasms arising from the constituent cells of the brain, 
i.e., neurons, neuroglia, and cerebral vasculature. Pri- 
mary intracranial tumors include various tumors of 
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non—brain tissues such as meninges, cranial nerves, 
pituitary, as well as the primary brain tumors. Finally, 
there are metastatic tumors. 

CLASSIFICATION. Although no current classification 
is ideal, the one suggested by the World Health Orga- 
nization (as modified in Table 29-4) is perhaps the best 
and allows standardization of diagnosis throughout the 
world. As the table shows, each kind of cell in the 
nervous system is represented by at least one type of 
tumor. Tumors arising from nervous system parenchyma 
may also develop from more than one cell type, e.g., 
ganglioglioma, or from primitive neuroectodermal cells 
that can differentiate along neuronal and/or glial lines 
within the same tumor, e.g., medulloblastoma. A major 
diagnostic difficulty arises from the wide range of his- 
tologic appearances that tumors of the nervous system 
can exhibit. This can lead to close morphologic similar- 
ities between tumors of widely different origin, e.g., a 
fibrous meningioma and a fibrillary astrocytoma, which 
may have quite different prognoses. Special stains and, 
increasingly, specific immunocytochemical markers are 
helping to resolve these diagnostic problems. 

BIOLOGIC PROPERTIES. In considering the prognosis 
of primary intracranial, and particularly primary brain, 
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Table 29-4. CLASSIFICATION OF NERVOUS SYSTEM 
TUMORS 


Tumors of Neuroglia 
Astrocytes 
Astrocytoma—differentiated 
—anaplastic 
Juvenile pilocytic astrocytoma 
Oligodendrocytes 
Oligodendroglioma—differentiated 
—anaplastic 
Ependyma and its homologues 
Ependymoma—differentiated 
—anaplastic 
Ependymoblastoma 
Subependymoma 
Choroid plexus papilloma 
Filum terminale tumor, myxopapillary ependymoma 
Undifferentiated neuroglia 
Glioblastoma multiforme 
Tumors of Neurons 
Neuroblastoma 
Ganglioneuroma 
Tumors of Neurons and Neuroglial Cells 
Ganglioglioma 
Tumors of Primitive Undifferentiated Cells 
Medulloblastoma 
Tumors of Pineal Cells 
Tumors of Meninges 
Meningioma 
Meningeal sarcoma 
Tumors of Nerve Sheath Cells 
Neurofibroma 
Schwannoma (neurilemmoma) 
Lymphomas—Primary and Secondary 
Malformative Tumors 
Craniopharyngioma 
Epidermoid cyst 
Dermoid cyst 
Colloid cyst 
Metastatic Tumors 
Unclassified Tumors 


tumors, biologic malignancy must be distinguished care- 
fully from histologic malignancy. There are many intra- 
cranial tumors that are histologically benign but cannot 
be removed, and thus shorten the life of the patient, 
thereby having biologic malignancy. These tumors may 
be unresectable for two reasons. First, they may be 
located in a part of the brain that makes it impossible 
to remove even a well-circumscribed or trivially invasive 
neoplasm, as, for example, an ependymoma in the floor 
of the fourth ventricle. Second, some brain tumors, 
notably astrocytomas, have a marked propensity for 
infiltrative growth so that individual tumor cells extend 
well beyond the margins of the grossly visible tumor. 
Even allowing for the daunting prognosis of these tu- 
mors, an attempt at curative resection requires the 
sacrifice of so much functioning brain tissue that the 
subsequent reduction in the quality of life is too great 
to justify the procedure. 

Tumors that break through to the meninges or 
cerebral ventricles may be spread throughout the ner- 
vous system via the CSF, thereby exhibiting a form of 
intraneural seeding, to produce disseminated tumor 
nodules on the brain, spinal cord, and nerve roots, and 
which clinically often presents as a carcinomatous men- 
ingitis. Among the primary brain tumors, medulloblas- 
tomas and pineal tumors frequently spread in this 
manner, but sometimes neuroglial tumors also. Of the 
metastatic tumors, lung and breast cancers are the 
principal offenders. Extraneural metastasis from _pri- 
mary intracranial tumors is distinctly uncommon, al- 
though when encountered is most likely to be from a 
glioblastoma or medulloblastoma. Its occurrence is en- 
couraged by surgical procedures such as ventriculo- 
peritoneal shunts and other operative procedures that 
disrupt the integrity of the dura and subarachnoid space. 

CLINICAL EFFECTS. The variation in the location, 
growth rate, and biologic behavior of intracranial tumors 
makes it impossible to give even the barest outline of 
the variety of their presenting symptoms, signs, and 
natural course. However, as with other space-occupying 
lesions within the cranial cavity, they produce both local 
and general effects. 

Their local effects usually are not clinically distin- 
guishable from those of other types of space-occupying 
lesion, and are determined more by the size and location 
of the mass than by its nature. Hemiparesis, seizures, 
ataxia, or weakness are frequent but not diagnostic 
presentations. CT scans usually show a focal mass lesion 
of either increased or reduced density, often a midline 
shift and other effects, e.g., edema (Fig. 29-23). The 
general effects of raised intracranial pressure by any 
mass lesion have already been described (p. 1375), but 
the primary intracranial tumors, particularly if located 
in a so-called silent area such as the frontal lobe, may 
reach a large size before either local or general symp- 
toms become sufficiently troublesome to bring the pa- 
tient to medical attention. This insidious onset is more 
likely to occur with primary intracranial than with 
metastatic tumors, because the latter are more often 
surrounded by a zone of edema that renders even smal] 
masses rapidly symptomatic. 


Figure 29-23. Large tumor in cerebral hemisphere showing ring 
enhancement with contrast material and pronounced peritumor 
edema. 


INCIDENCE. In unselected series, primary intracran- 
ial tumors are present in about 1.2% of all autopsies 
and make up approximately 9.2% of all primary neo- 
plasms. They are one of the most common groups of 
neoplasms in infants and children, become rarer in 
young adults and then increase again with age, but again 
become unusual after the age of 70 years. As will be 
seen, different tumors predominate in different age 
groups. Medulloblastomas, for example, are principally 
tumors of children and young adults. In children, 70% 
of intracranial tumors are infratentorial, whereas in 
adults the converse is true, 70% being supratentorial. 
The approximate relative incidence of the more common 
intracranial tumors in adults is shown in Table 29-5. 


NEUROGLIAL TUMORS 


Generically called gliomas, these are the tumors 
derived from the neuroectodermal glial cells and com- 
prise astrocytomas, glioblastoma multiforme, oligoden- 
drogliomas, and ependymomas. 


Astrocytoma 


Astrocytic neoplasms range from the histologically 
well differentiated to the very anaplastic. In well-differ- 
entiated lesions, the tumor cells have strong resem- 
blances to the normal reactive forms of astrocytes (p. 
1373), and the anaplastic tumors merge into the glio- 
blastomas (p. 1402), into which many of them develop. 
Collectively, astrocytomas (excluding glioblastomas) ac- 
count for between 20 and 30% of adult glial tumors; if 
the glioblastomas are included, the figure is raised to 
80 to 90%. The highest incidence is in children and 
there is a male:female ratio of 2:1. There is a strong 
correlation between age and both histologic type and 
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Table 29-5. INCIDENCE OF INTRACRANIAL TUMORS* 


100 Intracranial Neoplasms 


Tumors of Nervous System 


Secondary metastases 25-30 
Primary neoplasms 70-75 
Gliomas 40—50 
Glioblastoma 25-30 
Astrocytoma 8-12 
Ependymoma 2-3 
Oligodendroglioma 2-3 
Medulloblastoma 2-3 
Meningioma 12-15 
Acoustic nerve tumor 5-10 


*Modified from W.H.O. 


topographic location. In children and young adults, 
pilocytic astrocytomas of the cerebellum, hypothalamus 
and third ventricle, and chiasm are frequent, as also are 
pontine gliomas. In adults, most astrocytomas are in the 
cerebral hemispheres and not infrequently are very 
anaplastic. With the exception of the pilocytic astrocy- 
tomas of the cerebellum and optic nerve, which fre- 
quently behave more like hamartomas than tumors and 
often can successfully be resected, all astrocytomas, 
whatever their location and level of differentiation, may 
enter a rapid growth phase. 


Grossly, well-differentiated astrocytomas, although oc- 
casionally circumscribed, are usually poorly defined, gray- 
white, fleshy, infiltrative lesions that enlarge and distort the 
underlying brain (Fig. 29-24). They range from a few centi- 
meters in diameter to enormous masses that can replace 
the major part of a cerebral hemisphere and even spread 
into the opposite hemisphere through the corpus callosum. 
They are generally solid, although they sometimes contain 
small cysts, and, depending on their fibrillary content, may 
be firm or soft and gelatinous. 

Histologically, differentiated astrocytomas may be com- 
posed largely of protoplasmic, pilocytic, or gemistocytic 


Figure 29-24. Diffuse astrocytoma. Expanded white matter of right 
cerebral hemisphere and thickened corpus callosum (coronal sec- 
tion). | 
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astrocytes. The protoplasmic astrocytoma, the rarest of 
the differentiated forms, is made up of small, dark, round 
cells, each consisting of a nucleus surrounded by a scant 
rim of cytoplasm, f‘om which delicate protoplasmic proc- 
esses extend. Neuroglial fibers are scant in these tumors. 
Pilocytic astrocytomas are composed of bipolar, spindle- 
shaped astrocytes with “hairlike’” processes and indistinct 
cytoplasmic borders. Gemistocytic astrocytomas are char- 
acterized by distended cells with abundant cytoplasm having 
numerous extended cellular processes. Ultrastructurally, the 
cytoplasm of these cells is packed with ribosomes and 
mitochondria. Both the pilocytic and gemistocytic variants 
have many neuroglial fibers, and if their formation is suffi- 
ciently exuberant, the tumor may be called a fibrillary 
astrocytoma. In tissue sections, neuroglial fibers are usually 
best demonstrated with the PTAH stain, rendering the fibers 
blue to magenta. Despite this separation of the differentiated 
astrocytomas into distinctive categories on the basis of the 
particular line of differentiation of the tumor cells, most 
tumors are composed of a mixture of these cell types. In all 
these tumors, mitotic figures are rare, and vascular endo- 
thelial hyperplasia either scant or absent. 

Another form of astrocytoma usually encountered in the 
second and third decades of life is called gliomatosis or 
gliomatosis cerebri, because a large region of the brain, 
and sometimes the whole brain, is diffusely infiltrated by a 
“sprinkling” of neoplastic astrocytes. 

Anaplastic astrocytomas verging on glioblastomas 
multiforme tend to be larger, more obviously infiltrative 
lesions. Foci of bland necrosis, cystic softening, and hem- 
orrhages are more common than in the better differentiated 
lesions. However, it is impossible from gross inspection to 
differentiate unequivocally between anaplastic and well-dif- 
ferentiated astrocytomas. Microscopically, they possess an- 
aplastic features such as increased cellularity, nuclear pleo- 
morphism, hyperchromatism, a variable number of mitotic 
figures, and vascular endothelial proliferation (Fig. 29-25). 
Areas of well-differentiated glioma, usually astrocytoma, may 
also be present. Indeed, well-differentiated astrocytomas 
exhibit a marked tendency to become more anaplastic with 
time, so that, for example, a gemistocytic astrocytoma may 
evolve into an anaplastic astrocytoma or a glioblastoma 
multiforme. 


THE NERVOUS SYSTEM 


Clinically, astrocytomas present with general and/ 
or local symptoms and signs, their nature depending 
largely on the location of the tumor. These symptoms 
and signs may remain static or progress only slowly for 
a number of years. Eventually, however, patients usu- 
ally enter a period of more rapid clinical deterioration, 
which is generally correlated with the development of 
anaplasia and rapid growth in the tumor. Once this 
occurs the prognosis is grave, since rapid tumor growth 
usually leads to death within months or a few years. 
The anatomic location of the astrocytoma materially 
influences the prognosis. For example, a differentiated 
astrocytoma in the cerebral hemisphere has a much 
better prognosis than one in the brain stem. Overall, 
with surgical resection and radiotherapy, supratentorial 
tumors have a one-year survival rate of about 70%, 
which falls to between 25 and 35% at five years. 


Glioblastoma Multiforme 


Glioblastomas multiforme are the most anaplastic 
of all the gliomas. It may be difficult to determine the 


Figure 29-25. Diffuse scene Note sereieeicaas and pleo- 
morphic astrocytes. (H and E stain.) 


origin of the neoplastic cells in these tumors, but careful 
study of most usually reveals regions characteristic of 
differentiated or undifferentiated astrocytomas. Indeed, 
although they may arise de novo, glioblastomas usually 
develop in preexisting astrocytomas by progressive loss 
of differentiation. They account for more than 50% of 
all gliomas and may occur at any age, although they are 
rare under 30 and have a peak incidence between 45 
and 55 years. Males are more frequently affected than 
females. Most glioblastomas arise in the cerebral hem- 
isphere, particularly in the frontal lobes. Rarely, they 
occur in the spinal cord, but foci of glioblastoma fre- 
quently can be found in astrocytomas of the pons and 
medulla, especially in children. Peculiarly, they almost 
never arise in the cerebellum. 


Grossly, glioblastomas often appear to be well circum- 
scribed, although they always infiltrate the surrounding brain 
at their edges. Variation in their gross appearance from 
region to region is highly characteristic, and gave rise to the 
appelation “multiforme.” Some regions may be white and 
firm, others yellow and soft. Cystic softenings, foci of necro- 
sis, and hemorrhages are more typical of glioblastomas than 
of any other brain tumor (Fig. 29—-26A). In some cases, they 
spread widely and implant in the meninges or on the spinal 
cord at some distance from the primary lesion. 

Microscopically, they generally are highly anaplastic, 
with hypercellularity and a striking cellular pleomorphism, 
ranging from small, elongated, irregular, undifferentiated 
cells to giant bizarre forms. Necrosis with pseudopalisading 
of nuclei, abnormal mitoses, and endothelial proliferations 


Figure 29-26. A, Glioblastoma multiforme appearing as a necrotic 
hemorrhagic infiltrating mass. B, Pseudopalisading (neoplastic cells 
aligned around a region of necrosis), hypercellularity, and pleo- 
morphism in glioblastoma multiforme (H and E stain). 


are usually prominent (Fig. 29—26B). Almost always, some 
areas contain recognizable astrocytes. 


Clinically, the signs and symptoms evoked by these 
neoplasms are similar to those produced by astrocyto- 
mas, except that they appear more acutely and progress 
more rapidly. The prognosis is very poor: 90% of 
patients die within two years of diagnosis. Treatment, 
consisting of various combinations of surgery, radiother- 
apy, and chemotherapy, has not been successful to date. 

The issue of the pathologic grading of astrocytomas 
must be addressed briefly. Astrocytomas are often 
graded on a scale of 1 to 4 with increasing anaplasia; 
glioblastoma multiforme in this scheme being a grade 4 
astrocytoma. However, in the brain, and particularly 
with astrocytomas, this process is more than usually 
fraught with difficulty, principally because the degree 
of anaplasia in a large brain tumor may vary greatly 
throughout the neoplasm. Thus, the grade as deter- 
mined by a biopsy, or even several biopsies, may not 
be representative of the tumor as a whole. Also, judg- 
ment of the level of anaplasia is notoriously subjective, 
and, to compound the problem further, the degree of 
anaplasia may itself change at any time. Finally, the 
location of the lesion and its size and accessibility to 


1403 


surgical excision materially affect the outcome, whatever 
the degree of anaplasia. Thus, the grading of these 
neoplasms, although often performed, must be inter- 
preted with an understanding of its limitations. 


Tumors of Nervous System 


Juvenile Pilocytic Astrocytoma of Cerebellur:) 


This special subtype of astrocytoma has some of the 
characteristics of a hamartoma, and must be separated 
from other astrocytomas because of its different biologic 
behavior and pathologic characteristics. 


These astrocytomas are usually located in the cerebel- 
lum, though identical-appearing tumors can be found on the 
floor of the third ventricle, hypothalamus, and optic chiasm 
and nerve. Grossly, they are well circumscribed, although 
they may have indistinct borders and cysts of various sizes. 
Most frequently they occur as a mural nodule in the wall of 
a large cyst (Fig. 29-27). Microscopically, there are pilocytic 
astrocytes, which are spindle-shaped cells with thin “hairlike” 
processes, Rosenthal fibers (p. 1373), and microcysts. Al- 
though features of anaplasia are almost never present, there 
is often vascular endothelial proliferation. 


Clinically, these tumors are most common in child- 
hood and present with unsteadiness, headache, and 
sometimes vomiting. Their prognosis is excellent and 
there are recorded cases of patients living more than 40 
years following even incomplete resection. 


Oligodendroglioma 


About 5% of all intracranial gliomas are oligoden- 
drogliomas. These are among the most unpredictable of 
the gliomas and, indeed, may be found as incidental 
lesions at autopsy. However, they are capable of rapid 
progression and may run a short course to death. The 
sexes are affected equally, and the peak incidence is in 


the fourth and fifth decades. 


These tumors are usually located in the cerebral hemi- 
spheres, but they can occur in the spinal cord and cerebel- 
lum. On gross examination, they appear as deceptively well- 
defined globular gray masses in which cystic foci, sponta- 
neous hemorrhages, and calcifications are frequently found. 
An occasional tumor extends to the subarachnoid space and 
disseminates via the cerebrospinal fluid to other sites within 
the CNS. X-ray examination and CT scan can sometimes 
suggest an oligodendroglioma because of its tendency to 
calcify. 

On microscopic examination, they consist of monoto- 
nous sheets of uniform cells with finely stippled, compact, 


spherical nuclei surrounded by clear cytoplasm, giving the 


appearance of a cleared ring or halo (Fig. 29—28). Neuroglial 
fibers cannot be demonstrated. A delicate-appearing vas- 
cular stroma is often present, separating the neoplastic cells 
into small clusters. Endothelial proliferation and bizarre giant 
cells can sometimes be found. Calcifications ranging from 
microscopic foci to massive depositions may occur in these 
tumors. Electron microscopy has shown concentrically ar- 
ranged lamellae in some neoplastic oligodendrocytes, sug- 
gesting that these cells may be attempting to form sheathlike 
structures. Mixed oligodendrogliomas and astrocytomas oc- 
cur with fair frequency. If the astrocytic elements are ana- 
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plastic, the prognosis is the same as for an anaplastic 
astrocytoma. 


Most oligodendrogliomas grow slowly and produce 
only focal symptoms such as epileptic seizures. The 
history of such attacks nay go back many years (five to 


Figure 29-28. Oligodendroglioma. Cells are round and small and 
have perinuclear halos. (H and E stain.) 


Figure 29-27. Juvenile pilocytic astrocytoma in cerebellum with nodule of tumor and cyst. 


20). On the other hand, some in their rapid growth 
mimic glioblastomas. It is important to note that there 
is no correlation between the microscopic features of an 
oligodendroglioma and its biologic behavior. The treat- 
ment is surgical followed by postoperative radiation, 
yielding an average survival of approximately five years, 
although, as pointed out, the prognosis in individual 
cases is difficult to determine. The use of chemotherapy 
as an adjunct is being explored. 


Ependymoma and Related Tumors 
EPENDYMOMA 


The cells of origin for this tumor are the ependymal 
cells that line the ventricular surfaces and form the 
central canal in the spinal cord. Ependymomas occur 
most commonly between childhood and adolescence, 
although they have been observed at all ages. They 
represent about 5 to 6% of all intracranial gliomas, but 
63% of intraspinal gliomas.*° Spinal lesions are most 
prevalent in the lumbosacral and cauda equina regions. 
One variant, the “myxopapillary ependymoma,” tends 
to occur in the filum terminale. 


On gross examination, cranial ependymomas usually 
appear as fairly well-defined masses that grow by expansion 
and frequently project into the ventricles. Sometimes these 
masses assume an extremely papillary form (papillary epen- 
dymoma) and must be differentiated from choroid plexus 
papillomas. Differentiation between these two types of pap- 
illary ventricular tumors using the naked eye can be impos- 
sible. 

On microscopic examination, ependymomas are com- 
posed of a uniform population of spindled or carrot-shaped 
cells with finely basophilic, stippled, uniform nuclei. Partic- 
ularly diagnostic are rosette formations in which the 
tumor cells align themselves in a ring around a canal or 
space to create a tubule or a likeness to the normal 


ependymal cavity (Fig. 29-29). Neuroglial fibers are seen 
frequently within these cells. Individual cells may also show 
so-called blepharoplasts, which appear in the PTAH stain 
as a cluster of small dark cytoplasmic spots. These struc- 
tures are associated with cilia formation and, when found, 
are diagnostic of ependymal cells. Neoplastic cells are 
arranged frequently around blood vessels in pseudorosette 
formations (Fig. 29-29). Anaplastic features are rare in these 
tumors, although they may appear. The name “malignant 
ependymoma” is applied to these tumors. Rare ependymo- 
mas blend in histology into a glioblastoma multiforme. Some 
pathologists have designated an ependymoma with ana- 
plastic features as an “ependymoblastoma.” However, it is 
preferable to reserve the term ependymoblastoma to distin- 
guish a rarely occurring tumor that is composed only of cells 
with features of primitive ependymal cells." 


Clinically, well-differentiated ependymomas grow 
slowly and cause symptoms by their expansion. Hydro- 
cephalus can be a complication of those arising in the 
ventricular system. Lesions arising in the spinal cord 
give rise to symptoms referable to that spinal level. 
Even though most of these tumors are histologically 
benign and slow growing, they carry an extremely poor 
prognosis. Their location often renders them inaccessi- 
ble to surgical excision. Some spread within the sub- 
arachnoid spaces, and rare lesions have given rise to 
extraneural metastases. Fokes and Earle reported an 
average survival of 53 months following surgery and 
radiotherapy in patients with posterior fossa ependy- 
momas. *” 


VARIANTS OF EPENDYMOMA 


Subependymomas are well-circumscribed neo- 
plasms that originate from neuroglial tissue just beneath 
the ependymal lining. These are small, hard, lobulated 
tumors composed of an admixture of ependymal and 
astrocytic elements. Often, they protrude as peduncu- 
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Figure 29-29. Ependymoma. Note tumor cells align themselves around tubular spaces resembling 
the ependymal cavity and also around blood vessels. (H and E stain.) 


4405 


lated nodules into one of the ventricles, and sometimes 
several totally separate lesions arise concurrently. Gen- 
erally, they are asymptomatic and are frequently found 
incidentally at autopsy. On rare occasions, they may 
grow to a large size and cause hydrocephalus. 

Myxopapillary ependymoma is almost exclusively a 
tumor of the filum terminale. Most occur in the fourth 
decade of life. This tumor is grouped with the ependy- 
momas because ependymal cells are in most cases the 
most prominent constituents. However, myxopapillary 
ependymomas should be thought of as a separate clini- 
copathologic entity, and the name “filum terminale 
tumor’ might be more appropriate. 


Tumors of Nervous System 


On gross examination, the myxopapillary ependymoma 
appears as a mass in the filum terminale, sometimes involv- 
ing the lower end of the spinal cord. On microscopic exam- 
ination, its structure is reminiscent of the normal filum 
terminale. Cuboidal cells, sometimes with clear cytoplasm, 
are often arranged around papillary cores consisting of 
connective tissue and blood vessels. These vacuolated cells 
may also form tubular structures located between the pap- 
illary formations. Mucin-positive material may be demon- 
strated in the connective tissue elements of these tumors. 
In some cases, this tumor infiltrates surrounding nervous 
tissue and bone. Very rare examples have metastasized. 
The prognosis is excellent when the tumor can be completely 
removed surgically. 


Choroid Plexus Papilloma 


These rare, usually benign tumors constitute 1 to 
2% of all intracranial neoplasms. They may occur at any 
age, but most often are diagnosed in the first decade of 
life, principally in males. 


Quite distinctive, they appear as well-defined, cauli- 
flower-like papillary masses originating from the choroid 
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plexus and protruding into a ventricular cavity (most often 
the fourth ventricle). On microscopic examination, the pap- 
illary structures are reminiscent of normal choroid plexus 
characterized by vascular connective tissue stalks covered 
with cuboidal epithelial cells, which sometimes contain vac- 
uoles of mucin. Choroid plexus papillomas are usually well 
differentiated. On rare occasions, they can become anaplas- 
tic with infiltrative rapid growth, which is designated “choroid 
plexus carcinoma.” Such malignant forms may be difficult to 
differentiate from metastatic adenocarcinoma. 


THE NERVOUS SYSTEM 


The papillomas grow by slow expansion and prin- 
cipally cause problems by inducing internal hydroceph- 
alus and/or spontaneous hemorrhages. Treatment con- 
sists of surgical removal. In cases of choroid plexus 
carcinoma, radiation is recommended following surgery. 


TUMORS OF NEURONAL ORIGIN 


Included under this heading are cerebral neuro- 
blastoma, ganglioneuroma, and ganglioglioma. Neuro- 
blastomas and mature ganglion-cell tumors can occur in 
the CNS, especially in the cerebral hemispheres; how- 
ever, they arise more frequently in peripheral nerve 
ganglia and the adrenal medullae. Very rarely, they are 
seen in the mediastinum, where they are presumed to 
be of teratoid origin. 


Cerebral Neuroblastoma 


Neuroblastomas are rare brain tumors, presumably 
having origin in precursor cells of neurons. They may 
arise anywhere in the cerebral hemisphere, perhaps 
with a slight preference for the frontal lobes. They are 
most common during the first ten years of life. Occa- 
sional tumors mature or show areas of maturation toward 
ganglion cells. 


On gross examination, they are usually located in the 
cerebral hemispheres, where they appear as well-defined 
gray granular masses (averaging 6 to 7 cm in diameter) that 
may contain cysts and regions of necrosis and hemorrhage. 
sometimes they have a lobular appearance on cut surface. 
On microscopic examination, three variants have been de- 
scribed by Horten and Rubinstein: classic, desmoplastic, 
and transitional types.® In the classic variant, the tumor is 
highly cellular and composed of dark, round, sometimes 
fusiform cells with a scant amount of cytoplasm. The polar 
extensions of the fusiform cells may be aligned to create 
rosettes identical to those seen in adrenal neuroblastomas. 
Similar palisades may be formed around blood vessels. 
Silver stains sometimes show a transition between undiffer- 
entiated cells and mature ganglion cells. Often, there is an 
abrupt transition between tumor and adjacent brain. This 
feature is of great aid in surgical enucleation and is helpful 
in differentiating a cerebral neuroblastoma from other neu- 
roectodermal tumors. The desmoplastic variant is charac- 
terized by abundant connective tissue stroma. The third 
variant, the transitional pattern, contains both classic and 
desmoplastic features. In the desmoplastic and transitional 
variants, the tumor shows less tendency to differentiate into 
mature ganglion cells. 


Clinically, the cerebral neuroblastoma behaves as 
a malignant neoplasm, with a high recurrence rate 
following surgery, although some have not recurred for 
years. Forty per cent of these tumors disseminate by 
way of the CSF pathway. Rare extraneural metastases 
occasionally develop. Unlike the neuroblastoma of the 
adrenal, they rarely elaborate catecholamines. The prog- 
nosis of cerebral neuroblastomas is difficult to determine 
in the individual case, because of their rarity. Whether 
those lesions showing mature differentiation have a 
better prognosis than the undifferentiated lesions has 
not been established. Treatment consists of surgery, 
total CNS axis radiation, and chemotherapy. 


Ganglioglioma and Ganglioneuroma 


Tumors composed of mature neurons arise in the 
peripheral nervous system, the adrenal medulla, or less 
frequently in the CNS. The stroma in tumors arising in 
the periphery consists of spindled Schwann cells in 
which can be found calcospherites. Such tumors are 
called ganglioneuromas or gangliocytomas. On the other 
hand, in tumors within the CNS, when the stroma 
consists of neuroglial tissue, they are designated gan- 
gliogliomas. These CNS neoplasms are extremely rare 
and generally occur in children and young adults. 


On gross examination, gangliogliomas are usually well- 
defined masses with a granular cut surface in which calcifi- 
cations and small cysts can sometimes be seen. Typically, 
they occur in the floor of the third ventricle, hypothalamus, 
and temporal lobe. On microscopic examination, ganglio- 


gliomas are characterized by a mixture of well-differentiated 


neuronal and glial elements that may resemble a hamar- 
toma. On rare occasions, however, either the neuroglial or 
the neuronal elements may show transition to primitive cells 
resembling anaplastic astrocytes or neuroblasts. When such 
features are present, the tumor becomes more indistinct 
grossly, infiltrates the surrounding brain, undergoes rapid 
growth, and behaves in a malignant manner. 


Overall, the prognosis with these neoplasms. is 
favorable, depending on the anatomic location of the 
tumor and whether anaplastic features are present. 
Treatment consists of surgical excision. 


TUMORS OF PRIMITIVE OR UNDIFFERENTIATED 
CELLS 


Medulloblastoma 


Medulloblastomas are among the more common 
CNS tumors in children, second in frequency only to 
astrocytomas. In this age group, they account for 25% 
of all intracranial tumors. However, they are not re- 
stricted to children and have been found in adults up 
to the sixth decade of life. Males are affected more often 
than females. 


Medulloblastomas arise predominantly in the cerebel- 
lum, probably from the fetal external granular layer, although 


this latter point is controversial.?' In childhood, they are most 
common in the vermis of the cerebellum, but are found in 
the lateral cerebellar hemispheres in adults. 

On gross inspection, they usually appear as fairly well- 
demarcated, gray-white masses with indistinct edges (Fig. 
29-30A). Histologically some tumors are composed of 
sheets of small, dark, carrot-shaped cells with poorly defined 
margins, dense nuclei, and little cytoplasm (Fig. 29-308). 


Figure 29-30. A, Medulloblastoma growing into fourth ventricle, 
distorting, compressing, and infiltrating surrounding structures. B, 
Medulloblastoma (H and E stain). 
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Sometimes rosettes are formed, in the center of which silver- 
positive fibrils can be demonstrated. Occasionally, readily 
recognized mature ganglion cells are encountered. This 
pattern of growth is characteristic of neuronal (neuroblastic) 
differentiation. More commonly, however, these neoplasms 
have regions of decreased cellularity interspersed with broad 
bands of undifferentiated cells. These focal, less cellular 
regions may have a blue fibrillary background with the PTAH 
stain. Occasionally, neoplastic cells in such regions have 
cytoplasmic processes and greatly resemble astrocytes. 
These features are indicative of neuroglial or spongioblastic 
differentiation. Rare cases simultaneously show both forms 
of differentiation. The hallmark, then, of a medulloblas- 
toma that separates it from other neuroectodermal tu- 
mors is its origin from primitive cells having the poten- 
tial to develop along both neuronal and neurogjial lines. 

Medulloblastomas are infiltrative, invasive tumors and 
commonly spread throughout the CNS axis via the spinal 
fluid pathway. In some cases, particularly in adults, these 
tumors infiltrate the overlying meninges and elicit a remark- 
ably desmoplastic reaction. Rare cases have metastasized, 
most commonly to bone marrow and regional lymph nodes. 


Tumors of Nervous System 


Previously, the prognosis for these tumors was 
bleak. In some recent cases, however, remarkable suc- 
cess has been obtained with the combination of surgical 
removal, radiation, and chemotherapy. 


TUMORS OF MENINGES 


Meningioma 


A primary tumor of the meninges may originate 
from any of the meningeal constituents such as arachnoid 
cells, fibroblasts, or blood vessels. Most arise from 
arachnoid cells within the arachnoid villi, and so the 
localization of these neoplasms more or less parallels 
the sites where villi are most numerous. On the whole, 
they are slowly growing, benign tumors that may remain 
silent. At autopsy, especially in patients over 70 years 
of age, it is quite common to find small asymptomatic 
meningiomas composed of arachnoid cells. Symptomatic 
meningiomas nonetheless constitute about 14% of all 
intracranial tumors. They can occur at any age, but are 
most frequent in middle-aged adults, especially women. 


Meningiomas may occur within the cranial vault or in 
the spinal canal. The most frequent site of intracranial lesions 
is the parasagittal region, followed by the lateral cerebral 
convexity, and then the falx cerebri. Less common locations 
are the sphenoid ridge, olfactory groove, cerebellar pontine 
angle, foramen magnum, and spinal canal, especially at the 
thoracic levels. Intracranial meningiomas are more than 
twice as common as spinal meningiomas. 

On gross examination, the tumors tend to be irregular- 
to-round, lobulated, tough, white-gray masses that are well 
circumscribed and indent (from pressure) the adjacent ner- 
vous tissue (Fig. 29—-31A). There is usually a definite cleav- 
age plane between the tumors and the underlying nervous 
system tissue. Occasionally, they grow en plaque to cover 
wide areas, e.g., an entire cerebral hemisphere. The cut 
surface of some tumors is gritty, owing to the presence of 
numerous psammoma bodies (described below). Two dis- 
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Figure 29-31. A, Reflected dura (on /eft) showing one large and one small (in middle of illustration) 
meningioma. Note prominent indentation of right cerebral hemisphere by the larger tumor. B, 
Transitional meningioma with hypercellularity, whorled pattern of cells, and psammoma bodies (H 
and E stain). 


tinctive features are sometimes present: (1) hyperostosis of 
the contiguous region of the skull and (2) penetration of the 
tumor into the adjacent bone. 

On microscopic examination, meningiomas can be sub- 
classified into meningotheliomatous (syncytial), fibroblastic, 
transitional, and angioblastic forms. A single tumor may 
have several patterns, but is classified according to the most 
prominent one. 

Syncytial or meningotheliomatous lesions are com- 
posed of epithelial-like cells with abundant cytoplasm, indis- 
tinct cytoplasmic borders, and delicate, well-defined oval 
nuclei. There is no definite cellular arrangement other than 
lobulated groups of cells reminiscent of the appearance of 
normal arachnoid granulations. 

Fibroblastic tumors are marked by long, tapering spin- 
die cells growing in interlacing bands. There is a tendency 
toward alignment of the nuclei into palisades. Reticulin and 
collagen fibers are usually conspicuous between the spindle 
cells. Psammoma bodies are sometimes present. These 
comprise concentrically laminated structures formed by the 
deposition of calcium salts in degenerated tumor cells. This 
subtype of meningioma is very firm on palpation. 

Transitional tumors have features of both syncytial and 
fibroblastic meningiomas and thus constitute a morphologic 
bridge between the two preceding patterns. Whorls of neo- 
plastic cells are a conspicuous feature, often enclosing 
psammoma bodies (Fig. 29-318). The term psammoma- 
tous meningioma may be applied to any meningioma that 
contains a large number of psammoma bodies. 

Angioblastic meningiomas have evoked considerable 
nosologic controversy, for which reference may be made to 
Russell and Rubinstein." Two variants are recognized, the 
hemangioblastic and hemangiopericytic. Briefly, these tu- 
mors are highly cellular and composed of cells with poorly 
defined cytoplasm and oval nuclei. Such cells usually lie 
immediately adjacent to capillary-like channels. Larger cells 
with a foamy appearance can also sometimes be found. 
Reticulin is usually conspicuous with use of special stains. 

Hemorrhages; calcifications; xanthomatous changes 
within cells, cartilage, bone, and melanin; and myxomatous 
changes may be present in any of the patterns described. 
Occasionally, some of these tumors assume a papillary 
growth pattern, sometimes designated a “papillary menin- 
gioma.” 


Most meningiomas behave in a benign manner. 
Invasion of the adjacent skull, when present, is not 
accompanied by widespread dissemination, metastasis, 
or infiltration of contiguous nervous tissue. Symptoms 
relating to these tumors usually consist of headaches, 
visual impairment, and focal seizures. The separation 
histologically of the syncytial, transitional, and fibro- 
blastic subtypes is of little value in terms of clinical 
outcome. The prognosis is more dependent on the 
location of the tumor and its accessibility for surgery. 
Most are amenable to excision.” Overall, the recurrence 
rate of most meningiomas five years after surgical re- 
moval is 15%. The angioblastic pattern, however, should 
be separated from the other variants because of its more 
aggressive growth, increased tendency to recur and 
spread, and consequently less optimistic prognosis. 

Rarely, meningiomas show definite anaplastic fea- 
tures, even to the point of being indistinguishable from 
a spindle cell sarcoma (which can also arise in the 
meninges and the brain). Such anaplastic variants some- 
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times metastasize to extraneural sites, principally the 
lungs and lymph nodes. The papillary pattern is also 
worrisome, since it is correlated with more rapid 
growth, recurrence, and occasionally metastasis. 


LYMPHOMAS (PRIMARY AND SECONDARY) 


The CNS is sometimes seeded by secondary lym- 
phomatous infiltration but, more surprisingly, is also 
occasionally the site of development of a primary lym- 
phoma. In the past, these primary tumors were called 
microgliomas, on the assumption that they were derived 
from microglial cells (p. 1374). However, marker studies 
show that many of them are of B-lymphocyte origin and 
could not be derived from a cell of the monocyte- 
phagocyte series such as the microglial cell.*? Current 
practice is to use the same classification as for extracran- 
ial lymphomas (p. 658), and older terminology such as 
microglioma and reticulum cell sarcoma should now be 
discarded. Statistically, they make up 0.4% of primary 
brain tumors, and 0.02% of lymphomas. They are met 
more often in association with mycosis fungoides, dys- 
proteinemias, and renal transplantation.” Whatever the 
setting, they appear most frequently in the fifth and 
sixth decades of life. Interestingly, even with use of 
modern diagnostic criteria, no unequivocal case of pri- 
mary intracranial Hodgkin’s disease has yet been de- 
scribed. 


On gross examination, a primary CNS lymphoma may 
take the form of multiple nodules or diffuse infiltration of the 
nervous tissue. The latter pattern can be extremely wide- 
spread without disturbing the underlying architecture of the 
brain. It may therefore be very difficult to diagnose these 
tumors by means of x-ray, pneumoencephalogram, arterio- 
gram, or CT scan. The microscopic details of these lesions 
have been presented earlier under the consideration of 
systemic lymphoma (p. 658). 

Secondary lymphomas of the CNS are much more 
common than primary lymphomatous involvement. In the 
secondary disease, the lymphoma usually infiltrates the dura 
and leptomeninges and, less commonly, the parenchyma of 
the brain. This is in contrast to the primary lymphomas just 
described, which infiltrate the brain. 


Leukemias, like the secondary lymphomas, may 
involve the dura and leptomeninges, but rarely show 
parenchymal infiltration. The peripheral and CNS nerve 
roots may also be involved in such cases. Focal intra- 
cranial hemorrhage may occur secondary to the low 
platelet count frequently encountered in these disor- 
ders. Sometimes, multiple bleeding sites are scattered 
throughout the brain. Such hemorrhages constitute se- 
rious complications that often lead to death. 


OTHER INTRACRANIAL TUMORS 
Colloid Cyst of Third Ventricle 


This entity occurs generally (though not exclusively) 
in young adults. It constitutes about 2% of all intracranial 
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neoplasms. The nature and origin of these lesions have 
been the subject of considerable controversy; they may 
be more of a malformation than a neoplasm and of either 
ependymal or paraphyseal (choroid plexus) origin. 
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They are invariably located in the third ventricle ante- 
riorly. They appear as round, soft, white masses ranging 
from 1 to 4 cm in diameter, attached by their walls or by a 
short pedicle to the ventricular wall. On cut surface, they 
consist of a fibrous capsule that surrounds a cystic cavity 
containing a jelly-like substance. On microscopic examina- 
tion, the cyst is lined with cuboidal to low columnar, some- 
times ciliated, epithelium. Mucous goblet cells are frequently 
interspersed. 


Clinically, patients with these lesions often com- 
plain of headache caused by hydrocephalus, which may 
be aggravated by particular positions of the head. Ap- 
parently, these tumors can move about and intermit- 
tently obstruct the flow of CSF through the foramen of 
Monro. Features of anaplasia are not encountered and 
these lesions behave as slowly growing, noninfiltrating 
masses. Surgical excision can be curative. 


Metastases to CNS 


Metastases to the brain account for approximately 
20 to 25% of all intracranial tumors. With rare excep- 
tions, e.g., basal cell carcinoma of the skin, all cancers 
have the potential of disseminating to the brain, but 
certain primaries have a propensity for such ugly be- 
havior, namely, bronchogenic and breast carcinomas. 
Following at some distance behind such front runners 
are carcinomas of the kidney and gastrointestinal tract, 
and melanocarcinomas. Usually, the intracranial metas- 
tases appear in patients who already have far-advanced 
cancers with widespread dissemination of the tumor 
throughout the body. However, to the dismay of many 
a neurosurgeon, an apparent “primary brain tumor’ is 
sometimes found to represent a metastasis. In such 
cases, the intracranial lesion usually became sympto- 
matic before there were other manifestations of the 
extracranial neoplasm. Thus, in the morphologic evalu- 
ation of a presumed primary CNS tumor, the possibility 
must always be entertained that it could represent a 
metastasis from an occult cancer elsewhere in the body. 


On gross examination, metastases within the brain are 
usually discrete, well-circumscribed, firm nodules, 1 cm to 
several centimeters in diameter, clearly set apart from the 
surrounding brain substance. Multiple implants are the rule, 
but occasionally only a single nodule is present. They are 
frequently located at the junction of gray and white matter. 
Sometimes the metastases become necrotic or hemorrhagic, 
or both, thus simulating a malignant glioma. The brain tissue 
surrounding metastatic deposits can be extensively swollen 
and edematous. On microscopic examination, these lesions 
usually recapitulate the architecture and cytology of the 
primary neoplasm. 


The signs and symptoms evoked by metastases to 
the brain are as varied as the size, number, and location 
of the implants. Very rarely, the metastases grow dif- 


fusely in the meninges and subarachnoid space to mas- 
querade as a form of meningitis. More often, the ex- 
panding metastatic deposits and surrounding edema of 
the brain cause an increase in intracranial pressure that 
can lead to fatal herniation of the brain stem and 
cerebellar tonsils. Almost always, patients with brain 
metastases are close to the end of the road. Rarely, a 
solitary implant is amenable to surgical excision, per- 
mitting some prolongation of life. | 


DEMYELINATING DISEASES 


Primary demyelination is loss of myelin sheaths 
with relative preservation of the demyelinated axons. It 
results either from damage to the oligodendroglia, which 
make the myelin, or from a direct, usually immunologic 
or toxic attack on the myelin itself. Secondary demyeli- 
nation, in contrast, occurs following axonal degenera- 
tion. The demyelinating diseases are a group of CNS 
conditions characterized by extensive primary demyeli- 
nation. They comprise (1) multiple sclerosis and _ its 
variants and (2) the perivenous encephalitides. There 
are several other diseases in which the principal path- 
ologic change is primary demyelination but which are 
more conveniently classified in other categories, notably 
the inborn errors of metabolism (the lewkodystrophies) 
(p. 1424); viral disease (progressive multifocal leukoen- 
cephalopathy—PML) (p. 1386); and several rare disor- 
ders of unclear etiology (e.g., central pontine myelinosis) 
(p. 1422). 


MULTIPLE SCLEROSIS (MS) 


Since Charcot first described the essential charac- 
teristics of multiple sclerosis in 1868, it has been the 
subject of exhaustive but inconclusive study. In about 
two-thirds of the cases, onset is between 20 and 40 
years of age; it is rare in persons over 50. There is a 
slight female preponderance. The natural history of this 
disease is as variable as the number and distribution of 
the brain lesions. Some patients have only a_ brief 
episode of slight nervous system disability with rapid 
recovery, whereas others have a relentless downhill 
course to death in weeks or months. By far the most 
common pattern is an episodic course over many years, 
punctuated by relapses and remissions. Frequent early 
manifestations are paresthesias, diplopia, central scoto- 
mata, mild sensory or motor disorder in a limb, or 
cerebellar incoordination. Intellectual deterioration is 
not usually an early feature. As the disease progresses, 
remissions become less complete. Although not all 
patients become totally disabled, the end stage is often 
that of ataxia, incontinence, and paraplegia due to 
widespread cerebral and spinal cord demyelination. 
There is no effective treatment, although ACTH is often 
administered with some benefit during relapses. 


MORPHOLOGY. The external appearance of the brain 
and spinal cord is usually normal. On cut section, multiple, 
irregularly shaped, sharp-edged lesions called plaques are 
seen. Less frequently, plaques have a diffuse rather than a 


sharp border and/or may be only faintly visible (shadow 
plaques). Plaques occur in gray and white matter, vary from 
0.1 cm to many centimeters in diameter, and may be 
sparsely scattered or involve a large fraction of the brain 
and spinal cord. Although they have a predilection for the 
angles of the ventricles (Fig. 29-32), they may occur any- 
where in the CNS. Their appearance varies with age, being 
initially slightly pink and swollen, but later becoming gray, 
retracted, and opalescent. 

Microscopically, the earliest loss of myelin is located 
around small veins and venules (perivenous demyelination). 
Mononuclear cells and lymphocytes are frequently present 
around these vessels. As demyelination progresses, the 
perivenular foci coalesce to form the macroscopically visible 
plaques. In actively enlarging plaques, there is an inflam- 
matory mononuclear phalanx at the border between the 
demyelinated and normal areas. Within the plaque, there is 
loss of oligodendroglia, but a pronounced reactive astrocy- 
tosis and numerous neutral lipid-laden macrophages. The 
axons traversing the plaque are conspicuously spared. Old 
inactive plaques have sharply defined edges, profound mye- 
lin loss, an almost total absence of oligodendroglia, and 
scattered fibrillary astrocytes. Although they are relatively 
preserved, some loss of axons is often detectable. In shadow 
plaques, the demyelinated area shades gradually into the 
normal white matter without a sharply defined border, or 


Figure 29-32. Multiple sclerosis. Unstained regions of demyelina- 
tion (MS plaques) around lateral ventricle and in temporal lobe. 
(Luxol-fast-blue, PAS stain for myelin.) 
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there may be only partial demyelination throughout the 
plaque. 


Demyelinating Diseases 


PATHOGENESIS. There is much fascinating and pro- 
vocative evidence about the pathogenesis of MS and 
many theories have been advanced to account for its 
epidemiology, clinical course, and pathologic features. 
Most current work relates to putative viral® or 
autoimmune” etiologies, but there is no coherent theory 
of the pathogenesis of this disease, and it should not be 
assumed that these must necessarily be the only candi- 
dates or that they are mutually exclusive. Data currently 
regarded as having an important bearing on the patho- 
genesis of MS are summarized below. 

1. The disease is more prevalent in the temperate 
higher latitudes of both the northern and southern 
hemispheres. ** For example, the prevalence is 80 per 
100,000 in southern Norway; 41 per 100,000 in Boston, 
Massachusetts; but only 15 per 100,000 in New Orleans, 
Louisiana. There are interesting exceptions, however, 
such as Japan, where the disease is uncommon at any 
latitude. 

2. People who move from a low-risk to a high risk 
area before adolescence acquire a high risk of developing 
MS, whereas those who make the same move after 
adolescence retain their low risk. Thus, it seems that 
an initial event in the development of the disease occurs 
in early life. 

3. It has been noted that first-degree relatives of 
MS patients are more likely to develop the disease than 
the general population. HLA, A3, B7, and DW2 anti- 
gens are present in increased frequency in North Eu- 
ropean and white American patients.” Curiously, a 
similar association is not present in Israeli Jews or 
Japanese. 

4. The suggestion that an infectious agent may be 
involved in the pathogenesis of MS has been reinforced 
by the investigation of an outbreak of the disease that 
occurred in the Faroe Islands during the 1940s and 
1950s.°% The outbreak had the characteristics of a point 
source epidemic, and present evidence implicates the 
British occupation of the islands during W.W. II as its 
source. The agent currently under suspicion is the 
canine distemper virus (CDV), which was not present 
on the Faroe Islands before the occupation but is 
thought to have been introduced by dogs accompanying 
the occupying force. During and shortly after the oc- 
cupation, an epidemic of canine distemper occurred in 
native dogs of the islands. Subsequently, canine distem- 
per has disappeared and, interestingly, new cases of MS 
also in the resident, native-born Faroese. However, 
search for evidence of canine distemper infection in MS 
patients has so far been unfruitful. Some patients have 
an apparent rise in the antibody titer to CDV, but this 
is accompanied by a rise in the titer to measles virus 
(MV) which is antigenically a very similar virus and 
difficult serologically to distinguish from CDV. Recent 
results suggest that there are no unique CDV antigens 
in MS patients,’ making it unlikely that there is a direct 
etiologic relationship between MS and CDV. 

5. Measurement of the CSF protein in MS shows 
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an increase in the immunoglobulin content, which, on 
immunoelectrophoresis, is found to contain oligoclonal 
bands that are not present in the serum. This implies 
synthesis of immunoglobulins within the nervous sys- 
tem. The difficulty arises in the interpretation of this 
finding. Oligoclonal bands found in subacute sclerosing 
panencephalitis (p. 1385) are immunoglobulins directed 
against various antigens of the measles virus, but in MS 
no antigen has yet been discovered against which the 
antibodies are directed.” Further, different bands are 
found in different patients and it has been shown that, 
in the same patient, the immunoglobulins eluted from 
individual MS plaques may be different.” These findings 
tend to suggest that the immunoglobulin production 
within the blood-brain barrier in MS may be an epi- 
phenomenon, perhaps occurring as a consequence of 
trapping of activated B cells, rather than being of direct 
pathophysiologic significance. 

6. It has been found that relapses in MS coincide 
with a reduction in the numbers of circulating suppres- 
sor/cytotoxic T5/8 lymphocytes.'™ It has also been shown 
that the lymphocytes that accumulate in the acute 
plaques of demyelination are mostly helper T4 cells, so 
that the decline in the suppressor/cytotoxic T5/8 cells is 
not a consequence of their sequestration within lesions. 
Studies of the distribution of lymphocyte subsets within 
plaques have shown that helper T4 cells are concen- 
trated at the expanding border of the plaque and extend 
into the surrounding, as yet not demyelinated, white 
matter, whereas suppressor/cytotoxic T5/8 cells are 
found mostly within the lesion. '® 

7. Some light has been shed on the process of 
demyelination in MS by studies of the pattern of dis- 
appearance of two of the myelin antigens, myelin basic 
protein (MBP) and _ myelin-associated glycoprotein 
(MAG) from plaques of demyelination. In both MS 
plaques and the lesions of progressive multifocal leu- 
koencephalopathy, which is a virus disease of oligoden- 
droglia, these two proteins have different time courses 
of disappearance. '!: 1° Further, in experimental allergic 
encephalitis (EAE), an experimental autoimmune dis- 
ease directed against myelin antigens, MAG and MBP 
are lost simultaneously.'* The detailed interpretation of 
these findings is not clear, but they tend to suggest that 
the pathophysiologic process in MS is not a straightfor- 
ward immunologic assault on the myelin. 

8. Clinical trials of immunosuppression in MS have 
shown that, in children at least, high levels of immu- 
nosuppression can temporarily arrest the progression of 
the disease. '!” 

Present evidence concerning the pathogenesis of 
MS, therefore, is both confusing and incomplete, but it 
is suggestive of a role for infective and immune mech- 
anisms, perhaps operating at different times in the 
lifetime of the patient. '™ 


VARIANTS OR CONDITIONS CLOSELY RELATED 
TO MULTIPLE SCLEROSIS 


A problem in the discussion of MS is its highly 
variable clinical presentation and the differences in the 


pathologic appearances of the lesions at various stages 
of the disease. Historically, this led to the emergence 
of a number of eponyms for what are probably only 
variants of the basic disease. !” In addition to the classical 
Charcot type, these include the Marburg and Balo 
variants and neuromyelitis optica (Devic’s disease). In 
this latter condition there are typical MS-like plaques 
in the optic nerves together with spinal cord lesions 
that may either be typical of MS or be a necrotic 
myelitis and quite unlike MS. Nowhere, however, is 
the terminology of MS more confusing than in the vexed 
question of Schilder’s disease. A major part of the 
difficulty arises from the fact that Schilder himself, 
between 1911 and 1924, described what we now rec- 
ognize to be at least two, and possibly three, morpho- 
logically similar but quite different diseases, al] of which 
were called Schilder’s disease. One is what we now cal] 
adrenoleukodystrophy (p. 1425). The second is probably 
a variant of MS characterized by giant plaques symmet- 
rically affecting major portions of the cerebral hemi- 
spheres. These large lesions often, but not invariably, 
coexist with other typical plaques of MS elsewhere in 
the neuraxis. This appearance is usually seen in children 
but may occur in adults; the clinical course is one of 
relentless progression, although occasionally a chronic 
relapsing and remitting pattern is seen. The two entities 
of adrenoleukodystrophy and the MS variant have a 
similar morphology in the brain, and it was only the 
realization that some of these patients also had adrenal 
failure that led to the discovery of adrenoleukodystrophy 
as a separate entity. From Schilder’s description, it is 
not now possible to decide which disease his third 
patient suffered from. In discussing these probable 
variants of MS, given our current ignorance of its 
etiology, it should not automatically be assumed that 
MS is necessarily a single disease. 


PERIVENOUS ENCEPHALOMYELITIS 


The term perivenous encephalomyelitis is applied 
to disorders associated with perivenous and perivenular 
demyelination and a pronounced mononuclear cell in- 
filtration. They usually follow a viral infection, vaccina- 
tion, or a vague respiratory illness and are characterized 
by a monophasic, rapid, and relentless course that 
frequently terminates in death. The two major disorders 
in this category are acute disseminated encephalomyelitis 
and acute necrotizing hemorrhagic leukoencephalitis. 


Acute Disseminated Encephalomyelitis 
(Postinfectious and Postvaccinal 
Encephalomyelitis) 


This is a rare condition that may appear during or 
shortly after a virus infection (measles, mumps, chick- 
enpox, or smallpox) or, rarely, following vaccination 
against smallpox, rabies, or typhoid. There is compelling 
evidence that the lesions are induced by an autoimmune 
reaction to myelin triggered by virus (or vaccination) 
rather than by viral infection. In the first place, no virus 


has been consistently isolated from these patients. Sec- 
ond, lymphocytes from these patients exhibit cell-me- 
diated immunity to myelin-basic protein. Third, the 
disease is strikingly similar to experimental allergic 
encephalomyelitis (EAE), which can be induced in 
various experimental animals by injections of brain 
emulsions in Freund’s adjuvant. Injected animals de- 
velop typical perivascular infiltrates associated with de- 
myelination. The experimental disease can be trans- 
ferred by T cells (though not by B cells). It is now 
established that the antigenic moiety is the basic protein 
of myelin, and, indeed, the precise amino acid compo- 
sition of the protein has been mapped for several 
experimental species. 


On gross examination, the brain is usually normal, or it 
may show slight congestion. Microscopically, perivenular 
lesions are seen characterized by a region of primary de- 
myelination around veins. A cuff of lymphocytes and mono- 
nuclear cells surrounds these veins. Similar cells and mac- 
rophages are also scattered in the demyelinated regions 
(Fig. 29-33). The subpial region of the brain stem and spinal 
cord may also show demyelination, and the meninges may 
be infiltrated by mild-to-moderate numbers of inflammatory 
cells. Axons are preserved, at least in the very early lesions. 


The disease has its onset within two to four days of 
the rash in the spontaneous viral diseases, or 10 to 13 
days after vaccination. Neurologic manifestations are 
heralded by headaches, neck stiffness, and lethargy. 
Paralysis and coma ensue. Thirty to 50% of patients die 
in the acute phase. Those who survive the acute episode 
have severe residual neurologic impairment. Excep- 
tional patients appear to have recovered with no seque- 
lae. 
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Figure 29-33. Postvaccinal neererrenee Note demyelination (lack of stain) around venules 
(stained black) (Woelcke stain). 
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Acute Necrotizing Hemorrhagic Leukoencephalitis 


Demyelinating Diseases 


This is a rapidly fatal disorder that fortunately is 
quite rare. The disease is usually preceded by a non- 
specific respiratory infection. Neurologic impairment 
develops abruptly, heralded by headache and fever, 
which proceed to paralysis and coma. Death is swift, 
usually within several days, although rare patients re- 
cover. 


On gross examination, the brain exhibits asymmetric, 
soft and sometimes liquefied, gray-red areas flecked with 
tiny hemorrhages, particularly visible in the white matter of 
the cerebral hemispheres and brain stem. On histologic 
examination, there is necrosis and fibrin deposition in and 
around blood vessel walls, together with a vigorous inflam- 
matory infiltrate. Neutrophils and, later on, lymphocytes and 
plasma cells infiltrate vessel walls and perivascular spaces. 
Initially, there appears to be some preservation of axons; 
however, necrosis quickly ensues. Morphologically, acute 
necrotizing hemorrhagic leukoencephalitis is distinguished 
from acute disseminated encephalomyelitis by the presence 
of more extensive necrosis, a more acute inflammatory 
infiltrate, the occurrence of perivascular hemorrhages, and 
its more focal distribution within the cerebral hemispheres 
or brain stem. 


Although the cause of this devastating condition is 
unknown, an autoimmune basis is suspected, for the 
same reasons given for acute disseminated encephalo- 
myelitis. In one study, lymphocytes from a patient with 
acute hemorrhagic leukoencephalitis were sensitized to 
myelin-basic protein.'® Some authors regard acute nec- 
rotizing hemorrhagic leukoencephalitis as simply a more 
severe and acute variety of acute disseminated leukoen- 
cephalitis. 
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DEGENERATIVE DISEASES 


The application of the label degenerative to the 
diseases discussed in this section should not be allowed 
to disguise the fact that it is a confession of ignorance. 
There is no coherent, or even incoherent, thevry for 
the etiology or pathophysiology of these diseases, and 
no compelling reason to assume that they all have the 
same, or even a similar, etiology. Progress in the 
understanding of these diseases has so far consisted of 
reassigning them to a more specific etiologic category, 
as for instance in the case of Jakob-Creutzfeldt disease 
(p. 1387), which was comfortably ensconced with the 
degenerative diseases until its transmissibility was dem- 
onstrated, thereby causing its removal to the unconven- 
tional agent (spongiform) encephalopathies. 

Despite these taxonomic strictures, disorders that 
remain in the category of degenerative diseases do have 
some general similarities. They are diseases of neurons, 
and tend to be selective, affecting one or more functional 
systems of neurons, while leaving others intact; for 
example, in paralysis agitans there is selective degen- 
eration of the striatonigral dopaminergic system. They 
are generally symmetric and progressive. There is great 
variation within syndromes, and clinical and pathologic 
overlap between ostensibly different syndromes, such 
as spinocerebellar degenerations. 

In other ways, these diseases differ sharply among 
themselves; some have a clear pattern of heritability, 
whereas others are sporadic; some have intracellular 
abnormalities of greater or lesser specificity associated 
with them (e.g., Lafora bodies, Lewy bodies, neurofi- 
brillary tangles), whereas in others the pathologic proc- 
ess seems to be one of simple atrophy and disappearance 
of the affected neurons. 

Degenerative diseases that affect similar regions of 
the brain tend to produce clinical syndromes with many 
similarities, so that, for example, cortical and basal 
ganglia diseases tend to manifest as dementias and 
extrapyramidal movement disorders, respectively. With 
involvement of a particular region, a diagnosis can often 
be made only by correlation of the clinical and pathologic 
findings. In this chapter, the diseases are grouped 
according to the part of the brain most severely affected. 
Within each group there is usually no reason to suppose 
a closer etiologic relationship than that of topography. 


DEGENERATIVE DISEASES AFFECTING 
CEREBRAL CORTEX 


The major cortical degenerative diseases are Alz- 
heimer's disease and Pick’s disease, and their principal 
clinical manifestation is dementia. They are, of course, 
not the only causes of dementia; there are many others, 
including cerebrovascular disease, encephalitis, hydro- 
cephalus, Jakob-Creutzfeldt disease, and metabolic dis- 
eases. By convention, dementias are divided into pre- 
senile and senile; presenile dementia is defined as 
progressive mental deterioration leading to dementia, 


starting before the age of 65. Despite its widespread 
employment, this division is not diagnostically or ther- 
apeutically helpful, and derives from an old idea that 
dementia was an age-related condition. Further, there 
does not seem to be any consistently definable clinical 
or pathologic difference between these idiopathic de- 
mentias that occur before and after the age of 65. Thus, 
for example, Alzheimer’s disease and the so-called “se- 
nile dementia of the Alzheimer type’ cannot reliably be 
distinguished from each other, either clinically or path- 
ologically. If there is a difference, it is improbable that 
it will be on the basis of anything so biologically arbitrary 
as chronologic age. 


Alzheimer’s Disease 


Alzheimer’s disease usually becomes clinically ap- 
parent between 50 and 65 years of age (although it may 
occur earlier), with general impairment of higher intel- 
lectual functions or subtle emotional lability in the 
absence of focal neurologic defects. Characteristically, 
it progresses steadily over five to ten years to severe 
dementia and death, usually related to dehydration and 
respiratory infection. CT scans show marked brain atro- 
phy (Fig. 29-34). There is some tendency to familial 
occurrence, although most cases are sporadic. Occasion- 
ally, localized symptoms of aphasia, agnosia, or apraxia 
occur, and convulsive disorders may be prominent 
during the course of some patients. 


On gross examination, there is cortical atrophy, usually 
most pronounced in the frontal, parietal, and temporal re- 
gions (Fig. 29-35). Cut sections of the brain show compen- 
satory ventricular enlargement secondary to tissue loss 
(hydrocephalus ex vacuo). The significant microscopic fea- 
tures of Alzheimer’s disease are neurofibrillary tangles (p. 
1372), senile plaques, granulovacuolar degeneration, 
and Hirano bodies. Senile plaques are focal extracellular 


Figure 29-34. CT scan showing severe atrophy with gross dilatation 
of lateral ventricles and widening of cortical sulci. 


Figure 29-35. Alzheimer’s disease. The brain shows diffuse cortical 
atrophy, particularly marked in frontal, parietal, and temporal lobes, 
with narrowing of gyri and widening of sulci. (Courtesy of Dr. Robert 
D. Terry.) 


structures (20 to 150 pw in diameter) of dilated, tortuous, 
presynaptic axon terminals (and probably dendrites) found 
almost exclusively in the cerebral cortex. Microglial cells are 
often seen at the periphery of the plaque, and sometimes 
astrocytosis. Early plaques contain only the enlarged tor- 
tuous terminals, but later in their evolution they develop a 
central extracellular core of amyloid that contains prealbu- 
min, immunoglobulin, and other fractions. Senile plaques 
are best demonstrated by silver stains and appear as irreg- 
ular round formations of silver-positive fibers and particulate 
material that surrounds, but is separated from, the central 
silver-positive amyloid core by a clear halo (Fig. 29-36). 
With the electron microscope the axonal terminals contain 
paired helical filaments similar to those seen in neurofibrillary 
tangles, together with degenerating lysosomes and mito- 
chondria." Granulovacuolar degeneration appears as 
small (5 p in diameter), clear, intraneuronal cytoplasmic 
vacuoles each of which contains an argyrophilic granule. 
The constituents of this granule are unknown, as is the 
pathophysiologic significance of this form of degeneration. 
This latter qualification also applies to Hirano bodies, seen 
in proximal dendrites as glassy eosinophilic inclusions. UIl- 
trastructurally they consist of regular arrays of beaded fila- 
ments, which biochemical analyses show to be mostly actin 
filaments.""' 

All these structures can be seen in patients who do not 
have any known disease, and it is their numbers and 
distribution, rather than their mere presence, that allow the 
diagnosis of Alzheimer’s disease to be made. Microscopic 
examination of the temporal lobe in older persons who are 
not demented frequently reveals the presence of some 
granulovacuolar degeneration and occasional Hirano bodies 
in the hippocampus, and scattered neurofibrillary tangles 
and senile plaques in the hippocampus, subiculum, and 
hippocampal gyrus. In Alzheimer’s disease, Hirano bodies 
are numerous, and granulovacuolar degeneration is present 
in more than 10% of the neurons of the hippocampus. 
Plaques and tangles are found extensively in the amygdala 
and in the whole of the cerebral cortex, with the striking 
exception of the primary motor and sensory cortical areas; 
the tangles, but not plaques, are also present in the basal 
forebrain nuclei (basal nucleus of Meynert), and scattered 
in the raphe nuclei and the locus ceruleus. 
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Figure 29-36. A senile (neuritic) plaque composed of a central, 
silver-positive amyloid core surrounded by a ring of cellular proc- 
esses (Bielschowsky stain). 


PATHOGENESIS. The basic defect in Alzheimer’s 
disease is unknown. The number of neurofibrillary 
tangles and senile plaques can be roughly correlated 
with the degree of dementia, but the mechanisms 
underlying the formation of these structures are ob- 
scure. Recent biochemical findings have spurred a new 
interest in the distribution of the tangles and plaques. 
The most consistent biochemical abnormalities in Alz- 
heimer’s disease are deficiencies in acetylcholine and 
associated enzymes choline acetyltransferase and ace- 
tylcholinesterase in the cerebral cortex, amygdala, and 
hippocampus.'!? The cortical muscarinic receptor for 
acetylcholine remains strikingly intact, suggesting that 
the defect is in the cholinergic input to the affected 
areas. These findings not unnaturally provoked exami- 
nation of the major cortical cholinergic input from the 
basal nucleus of Meynert. It was found to be severely 
depleted of cells in Alzheimer’s disease,'*? and some of 
the remaining cells exhibited neurofibrillary tangles and/ 
or granulovacuolar change. Subsequent investigations 
have shown depletion of other basal forebrain nuclei, 
i.e., the nucleus of the diagonal band of Broca and the 
medial septal nuclei, which are major cholinergic inputs 
to the cortex and hippocampus. In the cortex, the dilated 
axonal profiles of the senile plaques show large amounts 
of cholinesterase and a decrease in the amount of this 
material in the plaques with increasing maturity and the 
appearance of the central amyloid core. It is not clear, 
however, that the senile plaque is a direct expression 
of a disturbance in the terminal axonal arborization of 
the neurons of the basal nucleus of Meynert. The only 
other consistent finding in Alzheimer’s disease is a 
decrease in the cortical somatostatin content, a finding 
that does not yet have an explanation. 

As already mentioned, senile dementia is the term 
applied to dementias beginning after age 65. Many 
patients over this age have pathologic changes identical 
to those seen in Alzheimer’s disease and are conven- 
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tionally referred to as having “senile dementia of the 
Alzheimer type.”!'* "5 Whether this condition and Alz- 
heimer’s disease are the same, or have different patho- 
genetic mechanisms, is controversial. 


THE NERVOUS SYSTEM 


Pick’s Disease 


Although far less common than Alzheimer's, Pick’s 
disease is often considered to be its “second cousin” 
because of its occurrence in the presenium and its 
frequently indistinguishable clinical symptoms and 
course. It affects women more often than men and there 
are occasional familial clusterings. The disease generally 
begins in middle or late middle life, with symptoms and 
signs of local cerebral cortical disease, which eventually 
become submerged in a “sea of mindlessness.” Two- 
thirds of the patients have speech disturbances, mani- 
fested by utterance of incomprehensible jargon. The 
course is progressive, terminating in death within two 
to ten years. 


On gross examination, the brain shows pronounced 
cortical atrophy in the frontal and temporal regions, with 
remarkable sparing of the posterior two-thirds of the first 
temporal gyrus. This is characteristic of this condition and 
distinguishes it on gross examination from Alzheimer's dis- 
ease. Atrophy of the gyri can be so extreme as to reduce 
them to a thin wafer, so-called “knife-blade” atrophy or 
“walnut brain.” Cerebral involvement is symmetric in about 
one-third of the cases, but there is some left-sided predom- 
inance in about half. This has been called lobar atrophy. In 
contrast to Alzheimer’s disease, parietal atrophy is unusual 
and involvement of the occipital lobe is rare. Microscopically, 
neuronal loss is most severe in the outer three cortical 
layers. Remaining neurons frequently contain cytoplasmic, 
round-to-oval, filamentous inclusions—Pick bodies. They 
are weakly eosinophilic, in H and E preparations, but are 
strongly argentophilic to silver stains. Electron microscopi- 
cally, they are probably composed of neurofilaments, paired 
helical filaments, and vesiculated endoplasmic reticulum. 
Their neurofilament content has been confirmed by immu- 
nochemical methods.''® The formation of Pick bodies is 
thought by some investigators to represent retrograde or 
transsynaptic degeneration, or recent axonal injury near the 
cell of origin. Neurofibrillary tangles are less frequent than 
In Alzheimer’s disease, and senile plaques are rare, but 
granulovacuolar change is frequent. Subcortical white matter 
degeneration is seen in severe cases. 


DEGENERATIVE DISEASES OF BASAL GANGLIA 
AND MESENCEPHALON 


Diseases affecting these regions of the brain fre- 
quently damage the extrapyramidal motor system and 
cause various types of movement disorder, such as 
rigidity, abnormal posturing, and chorea. For this rea- 
son, they are sometimes referred to collectively as 
extrapyramidal diseases. 


Huntington’s Chorea 


This disease usually first appears in persons be- 
tween 20 and 50 years of age, and is characterized 
clinically by extrapyramidal or choreiform movements 
combined with a progressive dementia. It is inherited 
as an autosomal dominant, with the interesting but 
unexplained property that those who inherit the disease 
from their fathers tend to manifest it much earlier in 
life than those who inherit from their mothers. The 
combination of autosomal dominant inheritance with 
symptomatic onset, often delayed until middle life, turns 
this disease into a medical sword of Damocles over the 
heads of the children of affected persons. For these 
offspring, an already difficult personal situation is exac- 
erbated by the dilemma whether they themselves 
should have children and perhaps pass on the disease. 
The recent discovery that a genetic defect in these 
patients is located on chromosome 4!” may lead to the 
removal of this sword, for although the precise nature 
of the defect has not yet been identified, its localization 
to a fragment of a chromosome offers the hope of 
eventual antenatal diagnosis, and intervention if desired. 


On gross examination, the brain is small (less than 1000 
gm) and shows striking atrophy of the caudate nucleus and, 
less dramatically, of the putamen. The globus pallidus may 
be secondarily atrophied, whereas the lateral and _ third 
ventricles are enlarged. Atrophy of the frontal lobes, occa- 
sionally of the parietal lobes, and (more rarely) of the entire 
cortex may be present. 

Microscopically, there is preferential loss of the small 
neurons of the striatum accompanied by fibrillary gliosis. 
Loss of small neurons and gliosis are also seen in the 
ventrolateral nucleus of the thalamus and the substantia 
nigra. By electron microscopy, there are membranous whorls 
and increased numbers of dense synaptic vesicles in the 
presynaptic nerve terminals, but the postsynaptic terminals 
and the synaptic cleft appear normal. 


Clinically, delusions, paranoia, neurosis, dementia, 
and abnormal eye movements are seen, and a hypotha- 
lamic component is suggested by abnormalities in glu- 
cose metabolism, aberrant growth hormone levels, and 
altered prolactin release in some patients. The disease 
is relentlessly progressive, with an average course of 15 
years, terminating in death. Biochemically, there is a 
marked decrease in endogenous ‘y-amino butyric acid 
(GABA) and in glutamic acid decarboxylase (GAD). 
GABA receptors seem to be intact. There is also a 
decrease in choline-acetyltransferase and in the muscar- 
inic cholinergic receptors. It is thought that these defi- 
ciencies lead to a decrease in the “filtering ability” of 
the striatum, allowing uncontrolled stimulation of the 
lower centers by the globus pallidus, resulting in the 
abnormal voluntary movements and chorea. 


Hallervorden-Spatz Disease 


This rare, and probably autosomal recessive disease 
affects the globus pallidus and the pars reticulata of the 


substantia nigra. Clinical features include (1) onset at a 
young age, generally in early childhood; (2) mainly 
extrapyramidal signs, with dystonic posturing, cho- 
reoathetoid or tremulous movements, and muscular 
rigidity, but also having spasticity, hyperreflexia, and 
extensor plantar responses indicative of corticospinal 
dysfunction; (3) dementia; and (4) a relentlessly pro- 
gressive course to death in early adult life. 


The most striking pathologic feature is the rust-brown 
gross appearance of the globus pallidus and substantia 
nigra. Microscopically, the condition is characterized by 
axonal spheroids (p. 1372), neuronal loss, gliosis, and the 
deposition of brown-yellow pigment, variably positive for iron. 
Pigment granules are found either free in the extraneuronal 
spaces, encrusted on remaining neurons and astrocytes, or 
in macrophages. Calcifications may also be present. The 
pathogenesis is unknown.'"® 


Lafora’s Syndrome (Progressive Familial 
Myoclonic Epilepsy) 


This autosomal recessive disease begins in child- 
hood or early adult life with seizures, myoclonus, a 
characteristic EEG picture, and eventual mental dete- 
rioration and dementia. The course is relentlessly pro- 
gressive over five to ten years, terminating in death, 
usually before the age of 30. 


The diagnostic feature of this disease is the Lafora 
body, which is one of the types of polyglucosan body (p. 
373).'2 Lafora bodies are intracytoplasmic, variable in di- 
ameter (1 to 20 yw), and found in neurons or, occasionally, 
in the extracellular space. They are present throughout the 
CNS, although most frequent in the basal ganglia and 
dentate nuclei. In some cases, similar bodies have been 
seen in the liver and myocardium. By light microscopy, they 
are round, homogeneous, or concentrically laminated bodies 
with a dense irregular core, and (frequently) radial striations. 
Electron microscopy shows them to consist of fibrils, some- 
times branched, and associated with endoplasmic reticulum 
and ribosomal material. 


Parkinsonism 


Parkinsonism is the name given to a disturbance of 
motor function characterized by expressionless facies, a 
stooped posture, slowness of voluntary movement, a 
festinating gait (progressively shortened, accelerated 
steps), rigidity, and sometimes a characteristic tremor. 
It is named after James Parkinson who described idi- 
opathic parkinsonism in 1817, but this type of motor 
disturbance is seen in many different disease states that 
have in common damage to the striatonigral dopami- 
nergic system. It may also be produced by drugs, 
particularly dopamine antagonists, that affect this sys- 
tem. The principal diseases that involve the striatonigral 
system are idiopathic parkinsonism (paralysis agitans); 
postencephalitic parkinsonism; striatonigral degenera- 
tion; Shy-Drager syndrome; and progressive supranu- 
clear palsy. 
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Degenerative Diseases 


IDIOPATHIC PARKINSONISM (PARALYSIS AGITANS) 


This is a progressive disorder appearing sponta- 
neously in persons between 50 and 80 years of age. 
Such biochemical brain abnormalities as have been 
observed are included below in the discussion of the 
postencephalitic form of the disease. 


Grossly, the substantia nigra and locus ceruleus are 
depigmented (Fig. 29-37); microscopically, there is loss of 
the melanin-containing neurons in these regions. Lewy 
bodies may be present in some of the remaining neurons. 
These are intracytoplasmic, eosinophilic, round-to-elongated 
inclusions, having a dense core surrounded by a lighter rim. 
They are composed of filaments that are densely packed in 
the core but quite loose at the rim. 


POSTENCEPHALITIC PARKINSONISM 


This is regarded as a sequela of encephalitis that 
occurred during the great “influenza” epidemics of 1914 
to 1918. Brain examinations of patients who died during 
the acute illness showed perivascular cuffing and men- 
ingeal infiltrates of lymphocytes and mononuclear cells, 
findings suggestive of a viral encephalitis, although a 
virus was neither isolated nor identified at the time. 
After months, or more commonly years, some patients 
who recovered from the encephalitis developed parkin- 
sonism, clinically similar to that seen in paralysis agitans 
but differing in that it usually occurred at an earlier age 
and was not a progressive disease. The incidence of this 
disease is decreasing as fewer patients survive who were 
exposed to the 1914-18 epidemic. 


As in idiopathic parkinsonism, there is depigmentation 
of the substantia nigra and locus ceruleus, with loss of 
melanin-containing neurons and consequent gliosis. How- 
ever, instead of Lewy bodies, some of the remaining neurons 
contain neurofibrillary tangles (p. 1372). 


Pathologically, both idiopathic and postencephalitic 
parkinsonism are characterized by degeneration of the 


Figure 29-37. Idiopathic Parkinson’s disease (paralysis agitans). 
Unilateral loss of pigment (/eft) in substantia nigra. This is a rare 
occurrence; most cases show bilateral depigmentation. 
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dopaminergic nigrostriatal pathway, with loss of cell 
bodies from the substantia nigra, degeneration of their 
axons and synapses in the striatum, and consequently a 
reduction in striatal dopamine content. In idiopathic 
parkinsonism the reduction is greatest in the putamen, 
whereas in the postencephalitic form it is marked in 
both the putamen and the caudate.!!® Neurochemically, 
the severity of the parkinsonian syndrome is directly 
proportional to the dopamine deficiency, a deficiency 
that can, at least in part, be corrected by replacement 
therapy with levodopa (the immediate precursor of 
dopamine), which, unlike dopamine, crosses the blood- 
brain barrier. However, treatment does not reverse the 
morphologic changes or arrest the progress of the dis- 
ease. 


THE NERVOUS SYSTEM 


STRIATONIGRAL DEGENERATION AND SHY-DRAGER 
SYNDROME 


Striatonigral degeneration is clinically similar to 
idiopathic parkinsonism, but pathologically different. 
There is grossly visible atrophy of the caudate and 
putamen, both of which, microscopically, show severe 
neuronal loss, particularly of the small neurons, and a 
striking gliosis. Loss of pigmented neurons also occurs, 
particularly in the zona compacta of the substantia nigra, 
but neither Lewy bodies nor neurofibrillary tangles are 
seen. 

In the Shy-Drager syndrome, autonomic system 
failure is present in addition to parkinsonism. The 
findings in the brain are variable, some cases being 
similar to idiopathic parkinsonism with Lewy bodies, 
whereas others are similar to striatonigral degeneration, 
with widespread neuronal loss. In the spinal cord, there 
is loss of neurons in the intermediolateral column, these 
being the neurons of origin of the sympathetic system. 
There is great variation in the pathologic findings in 
these two diseases. 


PROGRESSIVE SUPRANUCLEAR PALSY 


Patients with this disorder usually present with loss 
of vertical gaze progressing to difficulty with all eye 
movements, associated with back rigidity, paroxysmal 
dysequilibrium, expressionless facies, and (often) in- 
creasing dementia. Onset is usually between the fifth 
and seventh decades, and death often occurs within five 
to seven years. '*° 


Morphologically, there is widespread neuronal loss in 
the globus pallidus, subthalamic nucleus, substantia nigra, 
tectum, periaqueductal gray matter, and dentate nuclei. The 
cerebral and cerebellar cortices are usually not involved. 
Neurofibrillary tangles (p. 1372) are present and are gener- 
ally, but not invariably, composed of bundles of straight 
rather than helically wound filaments. ‘' 


SPINOCEREBELLAR DEGENERATIONS 


These are a group of degenerative diseases that 
affect, in varying degrees, the basal ganglia, brain stem, 
cerebellum, spinal cord, and peripheral nerves. Clini- 
cally, they present with combinations of parkinsonian 
symptoms and signs, ataxia, spasticity, and motor and 
sensory deficits reflecting damage to different anatomic 
areas and/or neuronal systems in the CNS. Pathologi- 
cally, there is simple neuronal atrophy in the affected 
regions, together with varying, usually slight degrees of 
gliosis. 

The spinocerebellar degenerations are a confusing 
area of neuropathology, and there is no satisfactory 
classification of them. Genetically, they can be domi- 
nantly inherited, recessively inherited, or sporadic. 
Historically, there have been many different, usually 
eponymous syndromes described. In the inherited de- 
generations, however, within single affected pedigrees 
there is great variation in clinical presentation. To 
compound the problem, even in an individual, the 
disease may evolve over time from, for example, a 
predominantly spinal to a predominantly cerebellar 
symptomatology. The result of this variability is that 
there are often many similarities among patients suffer- 
ing from what are nominally different syndromes. Path- 
ologically, patients are often found to have more wide- 
spread disease than their symptoms would suggest, so 
that syndromes that are clinically different may have 
similar, or overlapping, pathologic findings. The olivo- 
pontocerebellar atrophy complex provides a good illus- 
tration of the types of syndrome and the taxonomic 
difficulties encountered in these diseases. An alternative 
approach, which has substantial practical merit, is to 
classify all these patients as dominant, recessive, or 
sporadic ataxia and allow each affected individual or 
pedigree to define the course and prognosis of the 
disease. Taxonomic nihilism should not, however, be 
carried too far. Some spinocerebellar degenerations are 
relatively consistent or have sufficiently characteristic 
systemic associations to allow them to be reliably de- 
fined. An example is Friedreich's ataxia, which has a 
reasonably distinctive neurologic presentation combined 
with a typical and prognostically significant cardiac 
lesion. 


Olivopontocerebellar Atrophy 


Of all the neuronal degenerative diseases, this form 
has the most inconstant and varied expression, to the 
extent that the term “heterogeneous system degenera- 
tion’ is sometimes used. No two cases are exactly alike, 
even in the same family, and the heredity is no less 
varied: most cases are autosomal dominant (Menzel 
type), but others are autosomal recessive and still others 
are clearly nonfamilial. Neuronal loss is usually concen- 
trated in the olive, pons, and cerebellum, but the basal 
ganglia and spinal cord can also be involved. Clinically, 


symptoms and signs include (to varying degrees) ataxia, 
eye and somatic movement disorders, dysarthria, and 
rigidity, in varying combinations. 


Friedreich’s Ataxia 


The average age of onset of this usually autosomal 
recessive condition is 11 years, although a less frequent, 
dominantly inherited variant comes on at about 20 years 
of age. There is a male preponderance. Ataxia of gait 
heralds its onset, followed by clumsiness of hand move- 
ments and dysarthria. Deep tendon reflexes are absent, 
but the Babinski reflex is characteristically present. Joint 
position and vibratory sense are impaired, and there is 
sometimes loss of the sensations of pain, temperature, 
and light touch. The average progression is over a period 
of about 20 years, and most patients eventually become 
paralyzed. Some patients show pes cavus and kypho- 
scoliosis, and there is a high incidence of concomitant 
diabetes and cardiac disease, the last being manifested 
as cardiac arrhythmias and congestive heart failure.'” 


The spinal cord is usually small. There is loss of nerve 
fibers and gliosis in the posterior columns, distal corticospinal 
tracts, and spinocerebellar tracts. There is neuronal loss in 
Clark’s column; the VIII, X, and XII cranial nerve nuclei; and 
the dentate nucleus. There is also disappearance of Purkinje 
cells from the superior vermis and of dorsal root ganglion 
cells. The ganglion cell loss is the cause of the visible 
degeneration in the dorsal columns. The heart is frequently 
enlarged and may have pericardial adhesions. An interstitial 
myocarditis may be seen with focal and/or diffuse inflam- 
matory infiltrates, myofiber hypertrophy, and, more rarely, 
myofiber necrosis. 


The pathogenesis of this disease is unknown but 
attention is currently focused on reductions, found in 
some patients, in the activities of mitochondrial enzymes 
including pyruvate and oxoglutarate dehydrogenases, 
and malic enzyme.'* How these findings relate to the 
morphologic findings is unclear. 


DEGENERATIVE DISEASES AFFECTING MOTOR 
NEURONS 


Motor Neuron Disease (Amyotrophic Lateral 
Sclerosis [ALS] Complex) 


Nowhere is the term “system degeneration” more 
appropriately applied than with this complex of clinical 
variants. All are marked by degeneration confined to 
the pyramidal motor system with its two levels of motor 
neurons in series. The upper motor neuron is in the 
motor cortex and its axon traverses the internal capsule, 
brain stem, and corticospinal tract to synapse on the 
lower motor neuron in the cranial motor nuclei or in 
the anterior horns of the spinal cord. 

Clinically, four variants are recognized. The most 
frequent is amyotrophic lateral sclerosis in which pa- 
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tients show evidence of both lower motor neuron im- 
pairment (muscular atrophy and weakness) and upper 
motor neuron damage (hyperreflexia and a positive 
Babinski reflex). In progressive bulbar palsy there is a 
predominance of cranial nerve and brain stem involve- 
ment; in progressive muscular atrophy there is lower 
motor neuron dysfunction in the absence of clinical 
evidence of corticospinal tract damage; and in primary 
lateral sclerosis the patients have only upper motor 
neuron signs and symptoms. 


Degenerative Diseases 


Grossly, lower motor neuron loss is reflected in muscular 
atrophy and a grey discoloration and atrophy of the anterior 
(motor) roots of the spinal cord. Degeneration of the upper 
motor neuron is manifested in the lateral corticospinal tracts, 
which develop a dense bone-white appearance, and occa- 
sionally, in severe or long-standing cases, atrophy of the 
precentral gyrus. The pathologic findings usually reflect the 
clinical presentation, so that in primary lateral sclerosis the 
principal change is fiber loss and gliosis in the lateral 
corticospinal tract (Fig. 29-38) which may be traceable up 
to the motor cortex. In progressive muscular atrophy there 
is a disappearance of the anterior horn neurons with very 
little consequent gliosis. In amyotrophic lateral sclerosis 
there is both degeneration in the lateral corticospinal tract 
and loss of anterior horn cells. Cranial nerve motor nuclei, 
particularly V, IX, X, Xl, and XII, may show neuronal deple- 
tion, especially in patients with pronounced bulbar signs. 
Occasional neuronophagia (p. 1374), indicating continuing 
neuronal loss, may be seen in affected populations, and the 
remaining neurons may be shrunken or have a ghostlike 
appearance. 


Most cases of motor neuron disease are sporadic, 
although a few familial cases have been reported. Males 
are more often affected than females, and the onset is 
typically in late middle age with a progressive and 
inevitably fatal course over two to six years. Progressive 
bulbar palsy tends to run a shorter course, probably 
because of earlier involvement of the respiratory and 
pharyngeal musculature. 

The pathogenesis of motor neuron disease is un- 
known. A high prevalence of HLA-A2, A383, and A28 
haplotypes has been described, and interestingly some 
patients with progressive muscular atrophy have a past 
history of paralytic poliomyelitis. Many possible causes 
have been explored, including all varieties of viral, 
immunologic, and metabolic disease, but as yet no 
serious etiologic candidates have emerged. A sponta- 
neous lower motor neuron disease in wild mice has 
been reported, apparently caused by an indigenous C- 
RNA virus, but it is not clear what relevance this has 
to human disease. There is also a most curious form of 
motor neuron disease that occurs in the Chamorro 
Indians on the island of Guam. In the same population 
there is also a high incidence of parkinsonism and 
dementia, and all three conditions are associated with 
the presence of neurofibrillary tangles.° Although this 
condition, whatever it is, is very interesting, it does not 
seem to have any relationship to the more conventional 
type of sporadic motor neuron disease. 
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Figure 29-38. Amyotrophic lateral sclerosis. Cross section of spinal cord showing loss of myelinated 
fibers (lack of stain) in corticospinal tracts. At higher magnification, loss of anterior horn neurons can 
also be seen (Woelcke stain). 


Infantile Progressive Spinal Muscular Atrophy 
(Werdnig-Hoffmann Disease) 


This autosomal recessive condition presents either 
at birth as a “floppy infant” syndrome or in the first 
months of life with rapidly progressive muscular weak- 
ness. Death usually ensues within a few months from 
respiratory failure and/or aspiration pneumonia. Mor- 
phologically, there is severe loss of anterior horn cells 
and cranial nerve motor neurons. Necessarily, there is 
also degeneration of the motor axons in the peripheral 
nerves and profound neurogenic atrophy in the muscles. 


NUTRITIONAL, ENVIRONMENTAL, AND 
METABOLIC DISORDERS 


All the diseases discussed in this section could be 
considered as metabolic because, although they often 
subsequently produce gross structural damage, they are 
characterized initially by a disturbance in nervous sys- 
tem function that is primarily biochemical. More pre- 
cisely, nutritional diseases begin with reductions in or 
lack of an essential biochemical component; environ- 
mental illnesses have exposure to a physical or chemical 
toxin; and conditions labeled as metabolic have disor- 
dered proportions of normal constituents. Pathologi- 
cally, the interpretation of these diseases is often com- 
plicated by secondary effects such as respiratory failure 
and cerebral ischemia that are superimposed on the 
primary metabolic effects. 


NUTRITIONAL DEFICIENCY DISORDERS 


The major vitamin deficiencies with an effect on 
the adult nervous system are those of thiamine, nicotin- 
amide, and cobalamin. As these have already been 
discussed in Chapter 9, reference will be made here 
only to those aspects not already covered. 


Thiamine Deficiency 


In the nervous system, the principal syndromes 
caused by thiamine deficiency are the Wernicke-Kor- 
sakoff syndrome and a peripheral neuropathy. Clini- 
cally, they are most frequently encountered in alcohol- 
ics, but are not toxic effects of alcohol, because they are 
seen in other conditions of thiamine deficiency in which 
alcohol does not play a part, such as sprue, gastric 
cancer, and prolonged fasting. Another important cause 
of a particularly acute thiamine deficiency is prolonged 
parenteral nutrition, which, if not adequately supple- 
mented with thiamine, can be complicated by fulminant 
Wernicke's encephalopathy. 

Wernicke-Korsakoff Syndrome. The two compo- 
nents of this syndrome may occur separately or together. 
Wernicke’s encephalopathy is characterized clinically by 
the acute onset of mental confusion progressing to coma, 
nystagmus, extraocular palsies, and prostration. It is a 
medical emergency and, if left untreated, is frequently 
fatal. Prompt administration of thiamine can reverse the 
condition. 


Grossly, the most constant and impressive focal lesions 
are found in the mamillary bodies, but they may also be 
present in the walls of the third ventricle (Fig. 29-39), around 
the aqueduct of Sylvius, and in the floor of the fourth 
ventricle. The vestibular and dorsal motor nuclei of the vagi 
and the cranial nerve nuclei controlling the extraocular 
muscles are also commonly involved. In all sites the individ- 
ual lesions appear congested, have a brown-gray discolor- 
ation, and rarely exceed a few millimeters in diameter. 

Microscopically, there is vacuolation and degeneration 
of the affected neuropil, but severe neuronal loss is infre- 
quent. Reactive astrocytosis and macrophage accumulation 
occur in proportion to the amount of tissue destruction. The 
most impressive, and probably the most important, change 
is in the smaller blood vessels, which, although only slightly 
increased in number, are strikingly conspicuous because 
they are hypercellular and dilated. In the acute stage, peri- 
vascular ring hemorrhages are often seen. 


Korsakoff s psychosis is a memory disorder in which 
the patient cannot form new memories, has difficulty in 
retrieving old ones, and, classically, fills the resultant 
gaps by ingenious confabulation. Other aspects of mental 
function are relatively preserved. The histologic changes 
are similar to those seen in Wernicke’s syndrome, except 
that the medial dorsal nucleus of the thalamus and, 
often, the pulvinar are involved. 

A peripheral neuropathy (p. 1429) is frequently 
present in alcoholics, but is probably due to thiamine 
deficiency. 


Vitamin B,, Deficiency (Subacute Combined 
Degeneration of Spinal Cord, SACD) 


The mechanism by which vitamin B,, deficiency 
(pernicious anemia) affects the nervous system is not 
understood, but it is clear that it is unrelated to the 
megaloblastic anemia, since SACD can occur in its 
absence. Clinically, patients present with a subacute 
progressive spastic paraparesis, sensory ataxia, and 


Figure 29-39. Wernicke’s encephalopathy. Wall of third ventricle is 
discolored and there are many small hemorrhages. 
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marked paresthesias in the lower limbs. Untreated, this 
rapidly progresses to a severe ataxic paraplegia or total 
paralysis, with trunk and lower limb anesthesia. Treat- 
ment with vitamin B,, can completely reverse the early 
symptoms and signs, but untreated they rapidly become 
permanent. 


Pathologically, there is degeneration in the white matter 
of the spinal cord, usually confined to the posterior and 
lateral white columns, and most marked in the midthoracic 
region. In severe cases the affected areas are grossly 
atrophic and gray. Characteristically, the earliest lesions are 
seen in the body of the affected white column and extend 
outwards from these initial foci. Microscopically, there is 
early swelling of the myelin sheaths, and their later break- 
up and degradation by macrophages is followed by secon- 
dary degeneration of the axons and a variable amount of 
gliosis. This disappearance of the axons and their associated 
myelin gives the tissue a characteristic loose and vacuolated 
appearance on light microscopy. The gray matter is usually 
unaffected. 


Other lesions encountered in the nervous system 
in vitamin B,, deficiency are optic atrophy, a predomi- 
nantly axonal peripheral neuropathy, and (rarely) a 
perivascular demyelination in the hemispheric white 
matter, similar in histologic character to the lesions in 
the spinal cord. 


ENVIRONMENTAL DISORDERS 


The principal environmental disorders are dis- 
cussed in Chapter 10 and, except for the effects of 
alcohol, will not be further considered here. However, 
in this era of increasing therapeutic rigor, the iatrogenic 
causes of brain damage are of increasing importance. A 
wide and enlarging variety of cerebral toxic effects 
caused by therapeutic agents have been identified. 
Three of the best described are radiation necrosis, the 
radiation/chemotherapy lesion, and central pontine 
myelinolysis, discussed below. 


Alcohol-related Conditions 


No medical student needs to be told of the intoxi- 
cating properties of ethyl alcohol. Its acute effect is a 
generalized cerebral depression that, in acute alcohol 
poisoning, can be severe enough to cause death. In 
chronic alcohol abuse the incidence of the Wernicke- 
Korsakoff syndrome, peripheral neuropathy, cerebellar 
degeneration, and central pontine myelinolysis are all 
greatly increased, but they are not specific to alcoholism 
and there is no conclusive evidence for any morphologic 
damage caused by alcohol itself. As already discussed, 
the first two are caused by thiamine deficiency, and 
central pontine myelinolysis (see below) probably results 
from therapeutic manipulation of the serum sodium 
level. Similarly, hepatic encephalopathy and the more 
severe hepatocerebral degeneration (p. 1423) are also 
seen in alcoholics, but are consequences of liver failure 
rather than direct toxic effects of alcohol. 
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Cerebellar degeneration. This disease is character- 
ized by degeneration of cerebellar neurons, particularly 
Purkinje cells, in the anterior superior vermis. In severe 
cases, the anterior portion of the anterior lobe can also 
be involved. Men are more prone to develop this 
condition than women, in a ratio of 11:1. Clinically, 
there is truncal ataxia but little limb ataxia, consistent 
with the predominant involvement of the cerebellar 
vermis. 

In contrast to ethyl alcohol, methyl alcohol, through 
its metabolite formic acid, produces a direct toxic effect 
on the retina,!® and there is often widely distributed 
cerebral damage, which is probably the result of histo- 
toxic anoxia. '*4 


Radiation Necrosis 


The effects of ionizing radiation have been ad- 
dressed in Chapter 10. In the brain, radiation-induced 
vascular damage may result in progressive parenchymal 
ischemia and even infarction. Because cranial irradiation 
is given in most cases as part of the treatment for tumor, 
the neurologic deficits produced by this ischemia or 
infarction can, by mimicking tumor recurrence, lead to 
diagnostic confusion. 


Radiation/Chemotherapy Lesion 


The changes, as in radiation necrosis, are usually 
delayed in onset and occur in patients given a combi- 
nation of radiotherapy and various chemotherapeutic 
agents. Initially, the lesions were thought to be associ- 
ated with the intrathecal administration of methotrexate, 
but it has been seen in patients known not to have 
received this agent!* and in those to whom no intrathe- 
cal medication has been given. 

Grossly, the lesions occur as irregularly shaped 
areas of white matter necrosis, which, in the cerebral 
hemispheres, are often periventricular. Microscopically, 
there is a distinctive appearance because the necrotic 
areas contain many dilated axon profiles that have a 
tendency to mineralization. There is little or no inflam- 
matory reaction, and although vascular changes similar 
to those seen in radiation necrosis have been described, 
they are not consistently present. !2” !8 Although usually 
seen in the cerebral hemispheres, multiple tiny but 
histologically similar lesions have also been described 
in the basis pontis.'*? Although the lesions are well 
characterized histologically, their pathogenesis is un- 
known. 


Central Pontine Myelinolysis 


As implied by the name, this lesion consists of an 
area of demyelination in the midpart of the pons. The 
demyelination is symmetrically distributed about the 
midline, and in severe cases may occupy almost the 
whole of the basis pontis.'?! Smaller lesions are probably 
asymptomatic, but in the large lesions a flaccid quadri- 
plegia may develop. Microscopically, despite the pro- 


found loss of myelin and oligodendrocytes, there is 
preservation of the axons and, depending on the stage 
of its evolution, a reactive astrocytosis and lipid-laden 
macrophages. When first described, the condition was 
thought to be particularly associated with alcoholism, 
but it has now been described in many nonalcoholics. 
The pathogenesis is not known, but the development is 
most consistently related to rapid rises, sometimes from 
a very low level, in serum sodium.'” These rises are 
most frequently associated with the intravenous admin- 
istration of sodium-containing solutions, so that the 
lesion is arguably iatrogenic in most cases. 


METABOLIC ENCEPHALOPATHY 


The blood-brain barrier ensures that the CNS neu- 
rons are insulated from the normal vagaries of the 
systemic biochemical milieu, but these defenses can be 
overcome by large or prolonged changes. Effects can be 
seen with changes in both electrolytes and nonelectro- 
lytes. The resulting disturbance in cerebral function is 
referred to as a metabolic encephalopathy. Frequently 
encountered causes include diabetes, in which acute 
hypoglycemia induces a correspondingly acute confu- 
sional state that can be rapidly reversed by the admin- 
istration of glucose. Hyperglycemic coma is more com- 
plicated, with additional changes in pH, electrolytes, 
and osmotic pressure, all contributing to a cerebral 
dysequilibrium that can persist for several days after 
restitution of normality in the serum parameters. This 
persistence of cerebral dysfunction presumably reflects 
the time required to reestablish intracellular biochemi- 
cal normality. Other frequent causes of a more chronic 
metabolic encephalopathy are uremia, hypercalcemia, 
and hepatic failure. Despite the sometimes profound 
disturbance in cerebral function, there is often little or 
nothing to be seen morphologically, a finding that 
reflects the predominantly biochemical nature of the 
cerebral disorder. 

Although CNS function is being discussed here, 
there are also peripheral nervous system effects in some 
of these conditions, notably diabetes and uremia, both 
of which produce a peripheral neuropathy. 


Hepatic Encephalopathy 


Patients with hepatic failure exhibit a characteristic 
clinical picture, with a peculiar flapping tremor of the 
extremities called asterixis, and a disturbance in con- 
sciousness, progressing to coma and even death in 
severe cases (p. 893). The course of the encephalopathy 
mimics that of the hepatic failure, with exacerbations of 
the one producing worsening of the other. A similar 
encephalopathy can be produced, and marginally com- 
pensated patients precipitated into encephalopathy, by 
portocaval shunting. Although the severity of the en- 
cephalopathy is generally correlated with the raised 
blood ammonia level seen in hepatic failure, it has not 
been shown that the encephalopathy is a direct toxic 
effect of the hyperammonemia. 


Pathologically, the only consistent change seen in the 
nervous system is the proliferation of protoplasmic astrocytes 
with enlarged, watery, deformed nuclei containing a “glyco- 
gen dot” (Alzheimer II astrocytes). They are found predom- 
inantly in gray matter, being especially prominent in the 
lenticular nucleus, thalamus, red nucleus, substantia nigra, 
and deeper layers of the cerebral cortex. Similar nuclei, but 
without the “glycogen dot,” can be seen in many of the 
other encephalopathies. Tissue well fixed for electron mi- 
croscopy does not show enlarged watery astrocytic nuclei. 
This has led some investigators to conclude that the ap- 
pearance of Alzheimer II astrocytes in formalin-fixed tissue 
is an artifact. 

Severe and long-standing hepatic encephalopathy can 
lead to a cerebral degeneration morphologically similar to 
that seen in Wilson’s disease (p. 1423). 


INBORN ERRORS OF METABOLISM 


The variety and range of effects of the inborn errors 
of metabolism on the nervous system is legion, and only 
a few of the more important or illustrative will be 
mentioned in this section. Many of these diseases have 
effects both inside and outside the nervous system, and 
in some diseases it is the balance of these effects that 
determines whether they present clinically as diseases 
of the nervous system or as systemic diseases. For 
example, in Wilson’s disease (p. 932), some patients 
present with hepatic failure with little nervous system 
involvement, whereas others present with disease of the 
brain with choreoathetosis and dementia. In phenylke- 
tonuria (p. 490), although the inborn error is common 
to all tissues, the clinical manifestations are overwhelm- 
ingly in the nervous system. 

To universal regret, there is no easily assimilable 
classification of these diseases, mostly because disorders 
affecting a single metabolic system can produce quite 
different clinical syndromes, and conversely because 
different disorders produce the same manifestations.” 
Thus, for example, the sphingolipidoses, which are a 
subcategory of the lysosomal storage diseases (p. 142), 
include systemic storage diseases, e.g., Gaucher's dis- 
ease; neuronal storage diseases (Fig. 29-40), exemplified 
by Tay-Sachs disease (p. 142) and Niemann-Pick disease 
(p. 145); and leukodystrophies, in the form of metachro- 
matic leukodystrophy and globoid cell leukodystrophy 
(Krabbe’s disease). Other general categories of inborn 
error that may produce effects on the nervous system 
include the mucopolysaccharidoses (p. 150) and the 
glycogen storage diseases (p. 150). This general topic is 
considered in detail in Chapter 4. In this section we 
will discuss only Wilson’s disease, Leigh’s disease, and 
the leukodystrophies. 


Wilson’s Disease 


This disorder of copper metabolism is discussed on 
page 932. Here we shall describe only the neuropath- 
ologic changes. 
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Figure 29—40. Neuronal storage disease. Anterior horn neurons are 
distended with stored lipid. (H and E stain.) 
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The changes in the brain are not restricted to the 
lenticular nucleus but are widespread, justifying the term 
hepatocerebral degeneration used by some authors. In 
the dystonic (wilsonian) variety, with early onset and rapid 
evolution, there are always gross changes, the most dra- 
matic being cavitation in the lenticular nucleus. When cavi- 
tation is not present, there is a brownish discoloration with 
some atrophy of the affected nuclear masses. In the West- 
phal-Strumpell form of late onset and less rapid deterioration, 
the brain may be grossly normal, or there may be mild 
atrophy and discoloration of the basal nuclei. 

The microscopic changes are widespread, but are max- 
imal in the lenticular nucleus and especially in its putaminal 
component. The thalamus, red nucleus, and dentate nucleus 
of the cerebellum also are occasionally affected. The major 
histologic features are large numbers of Alzheimer I! astro- 
cytes, sometimes large multinucleate (Alzheimer |) astro- 


‘cytes, and neuronal loss. The cavitation appears to be 


related to the confluence of areas of intense degeneration 
of nerve cells and astrocytes. 


Subacute Necrotizing Encephalomyelopathy 
(Leigh’s Disease) 


This disease; inherited as an autosomal recessive 


trait, is characterized by bilateral symmetric regions of 


necrosis; cribriform change; vascular proliferation; and 
gliosis in the thalamus, midbrain, pons, medulla, and 
spinal cord. In some cases, the peripheral nerves may 
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show regions of demyelination. Although apparently a 
metabolic disorder, the pathogenesis is not understood. 
Elevated blood lactate and pyruvate levels and a mild 
acidosis are usually found, but these appear to be 
secondary changes. Although some patients have a 
depression in activity of the mitochondrial pyruvate 
dehydrogenase complex,‘ this is not always found and 
the precise biochemical defect is not yet identified. 
Clinically, onset is in the first year of life, with deteri- 
oration of motor skills (e.g., loss of head control and 
poor sucking), seizures, and myoclonic jerking. The 
disease is usually fatal within six to 12 months. 


LEUKODYSTROPHIES 


These are diseases of white matter in which the 
inborn error is known, or presumed, to be in the 
pathways of myelin metabolism. In all the leukodystro- 
phies in which the biochemical defect has been identi- 
fied, it is a deficiency of a lysosomal degradative enzyme. 
Pathologically, the principal process is primary demye- 
lination (p. 1410), but there may also be some neuronal 
storage. In view of the nature of the biochemical defect, 
it is perhaps more helpful to think of them as dysmye- 
linating rather than demyelinating diseases. From their 
biochemical origin it might be expected that all leuko- 
dystrophies would become manifest in early childhood 
as symmetric disorders of myelination, affecting the 
entire neuraxis. In many cases, such as the childhood 
form of metachromatic leukodystrophy, they conform 
quite well to this archetype, but, as exemplified by 
adrenoleukodystrophy, there can also be a large degree 
of variation in the clinical expression of these diseases, 
in spite of the apparently stereotypic nature of the 
biochemical defect. 


Metachromatic Leukodystrophy 


This is an autosomal recessive disorder of sphin- 
gomyelin metabolism in which there is a deficiency of 
arylsulfatase A (cerebroside sulfatase), leading to the 
accumulation of galactosyl sulfatide and other lipids 
containing a galactosyl-3-sulfatide moiety.'°° Pathologi- 
cally, the demyelination affects both the central and 
peripheral nervous systems, and there is also some lipid 
storage in neurons. There are a few cases of metachro- 
matic leukodystrophy without arylsulfatase A deficiency, 
and is thought that in these cases there is a deficiency 
of the sulfatase activator. '° 


The accumulated sulfatide appears as spherical gran- 
ular masses, 15 to 20 yw in diameter, which stain positively 
with PAS and metachromatically with acid cresyl violet on 
frozen sections. In the CNS, these masses may be free in 
tissue spaces or within macrophages in the perivascular 
spaces. Subcortical axons and myelin (U fibers) are relatively 
spared (Fig. 29-41). In the peripheral nervous system (PNS) 
there is nerve fiber loss and segmental demyelination. Met- 
achromatic material is also found in Schwann cells and 
macrophages. Accumulation of the material also occurs in 
renal epithelial cells, in the mucosal cells of the gallbladder, 


Figure 29-41. Metachromatic leukodystrophy. Demyelination is 
extensive. Subcortical fibers in cerebral hemisphere are spared. 
(Luxol-fast-blue, PAS stain.) 


and in the liver, pancreas, pituitary, adrenal cortex, and 
testis. 


The disease usually becomes manifest clinically 
between the first and fourth year of life, although there 
are rare adult forms. It presents as progressive motor 
impairment with mental deterioration and, sometimes, 
a peripheral neuropathy. Diagnosis is made by meas- 
uring urinary arylsulfatase A, which is decreased or 
absent. Peripheral nerve biopsy can also be helpful by 
showing myelin breakdown and sulfatide accumulation. 


Krabbe’s Disease (Globoid Cell Leukodystrophy, 
Galactocerebroside Lipidosis) 


Krabbe’s disease is another autosomal recessive 
leukodystrophy resulting from a deficiency of galacto- 
cerebroside B-galactosidase with the accumulation of 
galactocerebroside.'*’ Histologically, in addition to the 
demyelination, there are characteristic large, sometimes 
multinucleate, histiocytic cells (globoid cells), usually 
seen around blood vessels. The PNS may also show 
degeneration, although it is less common than in met- 
achromatic leukodystrophy. By electron microscopy, the 
globoid cells have the characteristics of macrophages 
and contain cytoplasmic inclusions made up of straight 
or curved hollow tubular profiles, often with longitudinal 
striations of variable density and approximately 6 nm in 
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width. Cleftlike cytoplasmic inclusions have been found 
in Schwann cells when there is PNS demyelination. 

The onset of Krabbe’s disease is in early infancy, 
generally in the first six months of life, and is marked 
by rigidity, instability, and decreased alertness. The 
disease is fatal, usually within six to 12 months of onset, 
with terminal blindness and deafness. 


Adrenoleukodystrophy and 
Adrenomyeloneuropathy 


This interesting disease until recently was classified 
under Schilder’s disease (p. 1412), which was originally 
described as a demyelinating disease characterized by 
large, often symmetric plaques of demyelination in the 
hemispheres. Some young male patients thus diagnosed 
had adrenal failure, and subsequent investigation 
showed that this group had a distinct familial sex-linked 
condition, which was then given the name adrenoleu- 


kodystrophy.'*®> Most of these patients were under 10° 


years of age and pursued a relentless downhill course 
to death within three to four years of the onset of 
symptoms. Grossly, and by light microscopy, the brain 
in these cases has a similar appearance to that of the so- 
called Schilder variety of multiple sclerosis in children. 
However, electron microscopy in these patients showed 
specific diagnostic inclusions in the cerebral macro- 
phages and adrenal cortical cells consisting of dense, 
long, thin leaflets enclosing an electron-lucent space 
(Fig. 29-42).'°° Similar inclusions are found in Leydig 
cells of the testis and Schwann cells. It has been 
discovered that there is another and quite different form 
of this disease in adults, also with adrenal insufficiency, 
but with a much later developing spastic paraparesis 
and peripheral neuropathy, together with cerebellar 
ataxia, varying degrees of intellectual deterioration, and 
hypogonadism. This variant is called adrenomyeloneu- 
ropathy.'” Transitional cases occur, and both variants 
may be seen in the same family.'*! Biochemical studies 
have not yet definitively identified a defect, but have 
shown the consistent presence of an excess of long-chain 
(C2430) fatty acid esters of cholesterol and an apparent 
inability to hydrolyze the long-chain fatty acids. '4? Cur- 
rently, the diagnosis is made by determining the ratio 
of the C26 to C20 fatty acids in either serum or fibroblast 
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culture.!° It is now possible to identify most of the 
female carriers, some of whom are symptomatic, so that 
they can be given genetic counseling. 

These three diseases obviously do not constitute all 
the leukodystrophies; their catalog is long and includes 
subtypes ranging from the simple sudanophilic to the 
eponymous, indeed euphonious, leukodystrophy eter- 
nally associated with Messrs. Pelizaeus and Merzbacher. 


DEVELOPMENTAL DISEASES AND 
MALFORMATIONS OF NERVOUS 
SYSTEM 


Developmental malformations of the CNS may be 
caused by genetic or environmental factors. The trisom- 
ies are an example of a genetic cause of CNS malfor- 
mation (p. 126). Environmental factors known or sus- 
pected to result in malformations include (1) fetal anoxia 
and circulatory insufficiency, (2) maternal and fetal 
infections (e.g., German measles), (3) physical agents 
such as ionizing radiation, (4) drugs (e.g., thalidomide), 
(5) nutritional deficiencies and excesses, and (6) me- 
chanical forces. In most cases of malformation, an etio- 
logic agent cannot be identified. 

Genetic and exogenous factors may produce iden- 
tical-appearing malformations. One of the most critical 
variables determining the type and severity of malfor- 
mation is the time of gestation during which particular 
agents act on the developing nervous system. For 
example, experimental irradiation of a fetus in animals 
during the first few days of pregnancy has little effect 
on CNS development, whereas irradiation given after 
the first few days results in a series of predictable 
malformations. !* 


MALFORMATIONS OF CEREBRUM 


ANENCEPHALY. In this condition, a fetus develops 
“without a brain.” The cranial vault is absent. The 
cerebral hemispheres may be completely missing or 
may be represented by small masses attached to the 
base of the skull. The condition is at least three times 


He y! 


% te . 
* < 


SGERP es 


trophy. (From Schaumberg, H. H., et al.: Adreno-leukodystrophy (sex linked Schilder’s disease): 
ultrastructural demonstration of specific cytoplasmic inclusions in the central nervous system. Arch. 


Neurol. 37:210, 1974.) 


4426 |THE NERVOUS SYSTEM 


more common in females than in males and, for un-. 


known reasons, is extremely common in Ireland. It is 
thought to be due to failure of the neuronal tube at the 
level of the encephalon to close. Some investigators 
have suggested that it may be due to destruction of a 
previously formed brain in the early stages of develop- 
ment.!** It has also been proposed that anencephaly 
may be related to lack of vascularization occurring 
between the third and fifth fetal week of life, at a time 
when major cerebral arteries are developing. !*° 

ARRHINENCEPHALY. In this case, lack of develop- 
ment of the olfactory portion of the brain is usually 
associated with the lack of development of the nasal 
portions of the face. Holoprosencephaly is a variant of 
this anomaly in which the forebrain fails to divide so 
that there is only one massive hemisphere with a single 
ventricle. Some cases of arrhinencephaly are associated 
with chromosomal abnormalities such as trisomies 13 
and 15. 

PORENCEPHALY. This term implies that a “pore” or 
cavity connects the surface of the brain and subarachnoid 
space to the lateral ventricles. There are no microscopic 
changes suggestive of an old destructive process in the 
walls of the porencephalic cavity. Unfortunately, the 
term “porencephalic cyst” is often used to designate any 
old destructive lesion, such as an infarct in the fetal 
brain. The latter, however, has reactive inflammatory 
tissue in its wall. 

HYDRANENCEPHALY. In this anomaly, the cerebral 
hemispheres are almost absent, leaving only a thin, 
saclike structure filled with fluid. The posterior temporal 
lobes, basal ganglia, brain stem, and cerebellum are 
usually spared. The skull is absent. It has been sug- 
gested that hydranencephaly is caused by obstruction 
of the carotid artery flow during fetal life.!*4 

MENINGOENCEPHALOCELE. In this condition, the 
brain and the meninges herniate through a defect or 
opening in the cranial vault, producing a fluctuant, 
bulging mass under the skin. This condition is discussed 
later in the section on spinal cord malformation (p. 
1427). 

MICROCEPHALY VERA. By convention, this term is 
restricted to an adult brain that weighs less than 900 
gm. The term “true microcephaly” should be reserved 
to mean an abnormally small brain that is the result of 
an autosomal recessive or sex-linked inherited defect. 

Externally, true microcephalic brains have a sim- 
plified broad gyral pattern with fewer secondary gyri. 
On cut surface, the internal structure of the brain is 
relatively intact and normally arranged, although mic- 
roscopically the cortical lamination of neurons is abnor- 
mal. Microcephalic individuals may have an anthropoid 
appearance and are usually mentally retarded. 

MEGALENCEPHALY. In this condition, the brain 
weighs more than 1800 gm. Megalencephaly is not 
necessarily associated with any functional abnormality 
or mental retardation. Heavy brains are seen in individ- 
uals with extraordinary intelligence but also in some 
with severe mental retardation. Mental retardation is 
more likely when macroencephaly is associated with an 
underlying structural abnormality such as abnormal 


gyral patterns, glial hamartomas, or other associated 
conditions such as tuberous sclerosis or cerebral lipi- 
doses. 

Malformations may be localized to a particular 
anatomic region of the brain. 

AGYRIA, LISSENCEPHALY, AND PACHYGYRIA. These 
three terms refer to the cortical alterations that result 
from arrested development before mature gyral forma- 
tion has been accomplished. The gyral pattern is smooth 
and has a reduced number of secondary gyri, an ap- 


pearance characteristic of a brain that has not progressed 


beyond the seventh fetal month. These gyral malfor- 
mations may be localized to only one portion of the 
brain or may be diffuse, involving both cerebral hemi- 
spheres. 

MICROPOLYGYRIA AND ULEGyRIA. In contrast to 
agyria, or reduced numbers of gyri, micropolygyria and 
ulegyria represent the formation of “too many gyri.” 
Micropolygyria implies excessive formation of secondary 
gyri that are true miniature gyri having a four-layer 
cortex, sometimes with a festooned second layer. Atro- 
phy, shrinkage, and scarring are not present. Ulegyria, 
in contrast shows evidence of previous injury resulting 
in scarring and atrophy. On microscopic study, these 
gyri do not form true miniature gyri. Anoxic, circulatory, 
or mechanical factors are blamed for this condition. 

ETtTaT MARBRE OR STATUS MARMORATUS. These 
terms are used to designate hypermyelination in the 
basal ganglia. Usually, the aberrant myelin pattern 
resembles that of veined marble, hence the term état 
marbré. 

AGENESIS OF CorPUS CALLOSUM. This condition is 
caused by failure of the corpus callosum and the septum 
pellucidum to form properly, resulting in a single cer- 
ebral ventricle. Agenesis of the corpus callosum is often 
associated with other malformations. Mental retardation 
is usually present. 


MALFORMATIONS OF CEREBELLUM AND BRAIN 
STEM 


AGENESIS OF CEREBELLUM. Lack of cerebellar de- 
velopment can range from slight hypoplasia to almost 
complete absence or agenesis. Generally, both hemi- 
spheres are involved; however, single-hemisphere 
agenesis has been reported. These defects are compat- 
ible with normal life. 

ARNOLD-CHIARI MALFORMATIONS. This group of 
malformations consists of (1) caudal displacement of the 
cerebellum and vermis, and elongation of the medulla 
and fourth ventricle (Fig. 29-43) with herniation into 
the foramen magnum; (2) platybasia (flattening of the 
base of the skull; (8) stenosis and forking of the cerebral 
aqueduct, hydrocephalus, and spina bifida; and (4) me- 
ningomyelocele. Not all these defects are present in 
every patient, and various combinations of Arnold- 
Chiari malformation may be seen. In all, progressive 
hydrocephalus is the major clinical complication (p. 
1376). The genesis of these malformations is controver- 
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Figure 29—43. Arnold-Chiari malformation. Cerebellar tonsils are 
displaced into cervical canal. 


sial. One view is that the cerebellar malformation leads 
to hydrocephalus and that increased CSF pressure is 
translated downward, with “splitting” of the neural tube. 
Another suggests that traction on the spinal cord, which 
is fixed to the walls of the meningomyelocele, pulls the 
posterior fossa contents down into the foramen magnum. 

The severity of these malformations varies. Some 
(such as complete obstruction of the aqueduct) are 
incompatible with life. Others may not become manifest 
until adulthood. 

DANDY-WALKER SYNDROME. In this condition, the 
vermis of the cerebellum fails to develop, with resultant 


occlusion or obliteration of the foramina of Magendie - 


and Luschka. This results in marked dilatation of the 
fourth ventricle, forming a cyst lined with ependyma 
covered by meninges. Hydrocephalus is usually present. 


MALFORMATIONS OF SPINAL CORD 


SPINA BIFIDA. In this abnormality, the bony spinal 
canal fails to close, thus exposing underlying structures, 
which may or may not herniate through the bony defect. 
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The meninges alone (meningocele) or meninges and 
spinal cord (meningomyelocele) may herniate. Spina 
bifida, meningocele, and meningomyelocele may occur 
as isolated defects or may be accompanied by other 
abnormalities, such as the Arnold-Chiari malformation 
discussed earlier. In some patients, intact skin covers 
the bony defect, and the region is marked by only a 
hirsute dimple or a sinus tract. This is called spina 
bifida occulta. Clinically, many of these cases are symp- 
tomatic. Involvement of the lower spinal cord is mani- 
fested by bladder dysfunction, weakness, and loss of 
sensation in the lower extremities. Infection (meningitis 
or meningomyelitis) is a major complication of these 
conditions. 

SYRINGOMYELIA. Derived from the Greek word 
“syrinx (a tube), this term refers to a slowly progressive 
disorder characterized by the development of tubular 
cavities in the spinal cord. These cavities may be 
secondary to other lesions, such as a tumor, trauma, 
infarction, or hemorrhage (secondary syringomyelia), '*° 
or may be primary, without known cause (idiopathic 
syringomyelia). 

Most commonly, lesions are localized to the cervical 
region, although they may extend up into the medulla 
(syringobulbia) or down into the thoracic region. The 
neurologic deficits are dependent on the location of the 
cavities, and usually consist of segmental muscle weak- 
ness and atrophy accompanied by a dissociated sensory 
loss, i.e., loss of pain and temperature sensation, and 
preservation of touch sensation. Thoracic kyphoscoliosis 
also is usually present. 


On gross examination, the spinal cord is enlarged and 
fluctuant over the cavities. Cut section reveals an asymmetric 
cavity frequently located transversely in the spinal cord, 
usually involving both gray and white matter. The cavity 
often crosses the ventral commissure, accounting for the 
dissociated sensory loss. Syringomyelic cavities may or may 
not be connected with the central canal. The main cavity is 
usually lined by a dense collar of glial tissue, whereas the 
portions involving the central canal are lined with ependyma. 
Bundles of peripheral nerve can be found in the walls of the 
cavities, probably owing to ingrowth of regenerating, previ- 
ously damaged dorsal root nerves.'*® Although the patho- 
genesis of syringomyelia is unknown, it is considered by 
most workers to be a developmental anomaly. 


HYDROMYELIA. This term denotes dilatation of the 
central canal by cerebrospinal fluid. The hydromyelic 
cavity is lined with ependyma. Hydromyelia may be 
seen alone or in association with spinal cord lesions, 
including tumors, meningomyelocele, and the Arnold- 
Chiari syndrome. 


PHACOMATOSES 


These conditions represent familial, slowly pro- 
gressive neurocutaneous disorders that “bridge the bor- 
derland between neoplasia and malformations.” They 
include neurofibromatosis (p. 138), von Hippel-Lindau 
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disease (p. 139), Sturge-Weber disease (p. 541), and 
tuberous sclerosis. Only the last of these will be de- 
scribed here. 


THE NERVOUS SYSTEM 


Tuberous Sclerosis (Epiloia, Bourneville’s Disease) 


Tuberous sclerosis is characterized clinically by a 
combination of mental retardation, epileptic fits, and 
adenoma sebaceum of the skin. Its pathogenesis is 
unknown, but it is frequently associated with visceral 
lesions, e.g., rhabdomyoma of the heart, angiomyoli- 
poma of the kidney, or pancreatic cysts. It is a heredo- 
familial disorder, inherited as an autosomal dominant 
trait. It begins in infancy or childhood and may progress 
intermittently or only up to a given point of disability. 
The fully developed case is relatively rare, but probably 
there are many “formes frustes. ” 

In the fully developed form, the cortical surface of 
the brain presents nodules of firm whitish tissue of 
pinhead to thumbnail size or even larger. Overgrowth 
and protrusion of subependymal glia produce an ap- 
pearance of “candle dripping’ on the surface of the 
ventricles. On microscopic examination, the nodules in 
the cortex are characterized by loss or distortion of the 
usual cytoarchitecture, with au excess of glia and many 
deformed, bizarre, often enlarged neurons. These nerve 
cells have no definable chromatin, and their processes 
are poorly developed. Frequently, they are multinucle- 
ated. Calcification within the nodules is often sufficiently 
intense to permit radiographic visualization. 


THE PERIPHERAL NERVOUS 
SYSTEM 


The peripheral nervous system (PNS) consists of 
the motor and sensory components of the cranial and 
spinal nerves, the autonomic nervous system with its 
sympathetic and parasympathetic divisions, and the 
peripheral ganglia. It is the conduit for sensory infor- 
mation to the CNS and effector signals to the peripheral 
organs such as muscle. Peripheral nerves are composed 
of groups of intermingling fascicles, each of which 
consists of a bundle of individual nerve fibers embedded 
in Joose connective tissue containing collagen and fibro- 
blasts (endoneurium), the whole being surrounded by a 
multilayered membrane of flattened cells (perineurium). 
The groups of fascicles are bound together by fibrous 
tissue (epineurium). Nerve axons vary in diameter be- 
tween 0.5 and 15y, and if greater than 2u have a myelin 
sheath that is produced by Schwann cells. The myelin 
is arranged in segments separated by nodes of Ranvier, 
and, unlike the multiple nodes produced by CNS oli- 
godendroglia, each peripheral nerve myelin internode 
is produced by a single Schwann cell. Larger diameter 
axons generally have thicker myelin sheaths. 


PATHOLOGIC REACTIONS 


In contrast to the brain, which has no ability to 
regenerate, the pathologic reactions of the PNS include 
both degeneration and regeneration. There are three 
basic processes: wallerian degeneration, axonal degen- 
eration, and segmental demyelination. 

Wallerian degeneration follows peripheral transec- 
tion of the axon. Proximal to the site of transection, 
there is degeneration back to the nearest node of 
Ranvier, and if the transection is sufficiently proximal, 
there will be chromatolysis (p. 1372) in the cell body of 
the transected axon. Distal to the transection, there is 
degeneration of the axon and its myelin sheath, both of 
which are digested by the Schwann cells that proliferate 
to accomplish this task (Fig. 29-44). 

Regeneration occurs by the outgrowth of multiple 
sprouts from the distal end of the surviving segment of 
the axon. If there is no obstruction to their growth, the 
regenerating axons grow back down the nerve trunk in 
association with the Schwann cells that remain after 
digesting the degenerated axon. In optimal conditions, 
regeneration occurs clinically at a rate of about 1 mm 
per day. If, as is frequently the case, the cause of the 
wallerian degeneration is a traumatic injury to the nerve 
with disruption of its structure, the regenerating sprouts 
may be prevented from entering the distal part of the 
nerve by interposed hematoma or fibrous scar. In this 
circumstance, the obstructed regenerating axons form a 
tangled, often painful, mass of intertwined nerve fibers 
called an amputation, or traumatic, neuroma. 

Axonal degeneration also occurs as a manifestation 
of neuronal dysfunction in which the neuron is unable 
to maintain its axon, which therefore starts to degener- 
ate. This type of degeneration begins at the distal, or 
peripheral, end of the axon and proceeds back toward 
the cell body, a process called “dying back’ (Fig. 
29-44.)'*" There is often chromatolysis (p. 1372) of the 
cell body. Schwann cell proliferation occurs in the region 
of active axonal degeneration, although this is less 
pronounced than that seen in wallerian degeneration. 

If the neuronal dysfunction can be halted or re- 
versed, regeneration and some recovery of nerve func- 
tion can occur. 

Segmental demyelination is. analogous to primary 
demyelination in the brain and is the selective loss of 
individual myelin internodes with preservation of the 
underlying axon (Fig. 29-44). Following an episode of 
demyelination, remyelination can be accomplished by 
the remaining Schwann cells. which proliferate. An 
important characteristic of this remyelination is that the 
reconstituted myelin sheaths are thinner than normal 
and have shorter internodal lengths. Both these features 
can be measured and are important in the diagnosis of 
the demyelinating peripheral neuropathies. Repeated 
episodes of demyelination and remyelination can occur, 
generating a concentric arrangement of alternating 
Schwann cell processes and collagen called “onion 
bulbs,” which are found in the hypertrophic neuropa- 
thies (p. 1432) (Fig. 29-45). 
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Figure 29—44. Pathologic reactions affecting peripheral nerve. (From Asbury, A. K., and Johnson, P. 
C.: Pathology of Peripheral Nerve. Philadelphia, W. B. Saunders Co., 1978, p. 51.) 


PERIPHERAL NEUROPATHY 


In conformity with the restricted range of patho- 
logic changes, peripheral nerve disease has only a 
limited range of clinical expression, so that a wide range 
of etiologic agents cause somewhat similar syndromes. 
This has made the pathogenesis of the peripheral neu- 
ropathies difficult to unravel. 

Both diffuse demyelination and axonal degeneration 
tend to affect the longest axons first and produce a 
syndrome called a polyneuropathy. Polyneuropathies 
are typically symmetric and present with distal signs 
and symptoms in the limbs, such as motor weakness 
and loss of deep tendon reflexes, peripheral paresthe- 
sias, and/or a “glove and stocking” sensory loss, or if 
the autonomic system is affected, findings such as pos- 
tural hypotension, constipation, and impotence. When 
there is muscle weakness, axonal degeneration can be 
distinguished clinically from demyelination, because in 
axonal degeneration there is denervation, which pro- 
duces muscle fasciculation and wasting. In demyelina- 
tion, in which there is conduction failure but no dener- 
vation, these are not present. Clinically, different 
etiologic agents preferentially affect axons of different 
diameters, or sensory, motor, and autonomic axons, to 
different degrees. The balance of symptoms and signs 
reflect the axons principally involved. Neuropathies also 
may be mild or severe; may be acute, subacute, or 
chronic in time course; and may have relapses and 
remissions. 

Although many etiologic agents produce general- 
ized damage, there are also pathologic processes that 
are focal (e.g., vasculitis) and that affect only individual 
nerves, producing a mononeuritis or, if more than one 
nerve is affected, a mononeuritis multiplex. If sufficiently 


widespread, even pathologically focal processes present 
as a polyneuropathy, although often an asymmetric one. 

Most clinical classifications of peripheral neuropa- 
thies are based on the type of clinical syndrome that 
develops. A simplified version of a widely used one is 
given in Table 29-6 with an indication in each clinical 
category of the predominant pathologic process encoun- 
tered. Although there is a good general agreement 
between clinical expression and the type of pathologic 
process, the concordance is by no means complete. In 
diabetic neuropathy, for example, there is frequently 
acute and chronic demyelination, as well as the indicated 
axonal degeneration. 

The classification in Table 29-6 offers an impres- 
sively wide choice of possible etiologies, but in most 
clinical series 30 to 70% of peripheral neuropathies 
remain undiagnosed in etiologic terms. Intensive eval- 
uation of a series of such cases has shown that no less 
than 42% were probably hereditary, whereas 20% 
proved to be inflammatory/demyelinating.'* However, 
despite the intensity of this evaluation, one-quarter 
remained undiagnosed. As can be seen from the number 
of entries in this by no means exhaustive classification, 
it would be impossible in this chapter to give even the 
briefest pathologic account of all the causes of peripheral 
neuropathy. The following text offers a few examples, 
selected to illustrate particular points, and has no pre- 
tensions to either balance or comprehensiveness. 


ACUTE IDIOPATHIC POLYNEURITIS (LANDRY- 
GUILLAIN-BARRE SYNDROME) 


This acute demyelinating neuropathy has been as- 
sociated with a bewildering variety of antecedent events. 
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Figure 29—45. Electron micrograph showing onion-bulb formation (hypertrophic neuropathy). Myeli- 
nated fiber in center is surrounded by concentrically arranged Schwann cell cytoplasmic processes. 
Collagen is longitudinally oriented between these processes. (From Asbury, A. K., and Johnson, P. 
C.: Pathology of Peripheral Nerve. Philadelphia, W. B. Saunders Co., 1978, p. 142.) 


About 40% of cases are associated with a “viral prod- 
rome, and studies suggest that in this group cytome- 
galovirus is the offending agent in about 15%. The 
Epstein-Barr virus is implicated in 5% of the total 
number of cases; mycoplasma in about 5%; 10% have 
had other allergic phenomena; 25% have a wide variety 
of other associations, including surgery; and the residual 
15% have no known antecedent event.'*° The disease 
presents as a rapidly progressive motor neuropathy with 
variable sensory features. In severe cases, the muscular 
weakness may be so profound and proceed so far prox- 
imally as to produce potentially fatal respiratory paralysis 
and facial diplegia. The CSF often, but not invariably, 
shows the classical “dissociation albuminocytologique, ” 
in which there is a strikingly raised protein with a 
normal or only slightly raised cell count. 


Pathologically, there are focal inflammatory lesions scat- 
tered throughout the peripheral nerves, although there is 
some predilection for the proximal nerve trunks.'*° In the 
lesions, there is demyelination and an accumulation of 
lymphocytes and macrophages. With the electron micro- 
scope, the earliest change that can be seen is splitting of 
the myelin lamellae. Later, the myelin is apparently stripped 
off the axon and digested by macrophages, leaving the 
Schwann cells intact. This demyelination apparently occurs 
without the direct participation of the lymphocytes. 


Although an immunologic component to this dis- 
ease is widely accepted, its precise nature remains 
elusive. Lymphocytes accumulate within the nerve, but 
no B- or T-cell preference is evident and there is no 
evidence of cytotoxic T-cell activity directed against 
Schwann cells or myelin.'*! Passive transfer to experi- 


Table 29-6. PRINCIPAL NEUROPATHIC SYNDROMES” 


Acute Ascending Motor Paralysis with Variable Sensory 
Disturbance—Acute demyelinating neuropathies 

Acute idiopathic polyneuritis (Landry-Guillain-Barré 

syndrome) 

Infectious mononucleosis with polyneuritis 

Hepatitis and polyneuritis 

Diphtheritic polyneuropathy 

Toxic polyneuropathies, e.g., triorthocresyl phosphate 


Subacute Sensorimotor Polyneuropathy 

(1) Symmetric—Mostly axonal neuropathies 
Alcoholic polyneuropathy and beriberi 
Arsenic polyneuropathy 
Lead polyneuropathy 
Vinca alkaloids and other intoxications 

(2) Asymmetric—Axonal neuropathies with focal and/or 

diffuse pathology 

Diabetic neuropathy 
Polyarteritis nodosa and other arteritides 
Sarcoidosis 


Chronic Sensorimotor Polyneuropathy 
(1) Acquired—Axonal neuropathies with focal and/or 
diffuse pathology 
Carcinomatous 
Paraproteinemias (demyelinating) 
Uremia 
Diabetes 
Connective tissue diseases 
Amyloidosis 
Leprosy 
(2) Inherited—Mostly chronic demyelination with 
hypertrophic changes 
Peroneal muscular atrophy (Charcot-Marie-Tooth 
disease) 
Hypertrophic polyneuropathy (Dejerine-Sottas 
disease) 
Refsum’s disease 


Chronic Relapsing Polyneuropathy—Mixed pathology 
Idiopathic polyneuritis 
Porphyria. 
Beriberi and intoxications. 


Mono or Multiple Neuropathy—Focal axonal or 
demyelinating pathology 

Pressure palsies 

Traumatic palsies 

Serum neuritis 

Zoster 

Tumor invasion with neuropathy 

Leprosy 


*Adapted from Adams, R. D., and Asbury, A. K.: Diseases of the 
peripheral nervous system. /n Petersdorf, R. G., et al. (eds.): 
Harrison’s Principles of Internal Medicine. 10th ed. New York, 
McGraw-Hill Book Co., 1983, p. 2158. 


mental animals with lymphocytes has not been achieved. 
However, the intraneural injection of sera from patients 
with Guillain-Barré polyneuritis (GBN) has produced 
perivenular demyelination.” The implication of a hu- 
morally mediated effect is reinforced by the finding of 
C3b and immunoglobulin (mostly IgG or IgM) in the 
nerves of many patients.’** There are indications, how- 
ever, that this may be a passive accumulation, a caveat 
reinforced by the persistent failure in GBN to find 
antibodies to the by now well-characterized myelin 
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antigens. Furthermore, plasmapheresis, which re- 
moves antibodies from the circulation, does not produce 
a consistent improvement in patients with GBN.'© 
These findings make it difficult to envisage an active 
role for humoral immunity in a disease in which myelin 
is the principal target of the pathophysiologic process. 

An important experimental model for GBN is ex- 
perimental allergic neuritis (EAN), which is histologi- 
cally very similar to GBN’* but has many pathogenetic 
dissimilarities. 


Peripheral Neuropathy 


DIPHTHERITIC PERIPHERAL NEURITIS 


The peripheral nerve effects of Corynebacterium 
diphtheriae are produced by the bacterial exotoxin, 
which causes an acute noninflammatory demyelination. 
The interesting aspect of this demyelination is its dis- 
tribution, being almost entirely concentrated in the 
region of the dorsal root ganglia and the adjacent motor 
and sensory roots. In this region, there is a naturally 
occurring defect in the blood peripheral nerve barrier 
(analogous to the blood-brain barrier) that allows pene- 
tration of the toxin at this point but nowhere else in the 
peripheral nerve. Not surprisingly, the demyelination 
is confined to areas where the toxin can enter the nerve. 
Its mechanism of action is poorly understood, but in 
vitro experiments suggest that it might act in part by 
inhibiting the synthesis of myelin basic protein and 
proteolipid. 


VINCA ALKALOID TOXICITY 


This class of agents includes the chemotherapeutic 
drugs vinblastine and vincristine, which produce a dose- 
dependent axonal neuropathy. As antimitotic agents, 
they inhibit the aggregation of tubulin subunits into 
microtubules, and hence the formation of the mitotic 
spindle on which the chromosomes segregate. They 
have a similar effect on microtubules in axons, which 
can be seen to possess fewer microtubules than usual 
and to accumulate neurofilaments. *” 8 Although these 
findings are consistent, it is not known how they relate 
to the axonal degeneration. It is hypothesized that these 
agents may act by disrupting axonal transport, but this 
is not proved. 

The vinca alkaloids are only one of a large number 


_ of classes of neurotoxic agents in the environment. Some 


are therapeutic agents, but many others are encountered 
in industrial processes. Although our example produces 
axonal degeneration, others produce demyelination, and 
many have effects on both the CNS and PNS. 


DIABETIC NEUROPATHY 


Peripheral neuropathy frequently develops in dia- 
betics and is often one of its most troublesome compli- 
cations. One of its outstanding clinical features is its 
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capricious occurrence, sometimes not being present 
even after 40 years of poorly controlled juvenile-onset 
diabetes, whereas in other cases it may even antedate 
measurable hyperglycemia. However, most cases occur 
late in the course of the disease. Clinically, it is a distal, 
symmetric, predominantly sensory polyneuropathy; 
pathologically, it is principally an axonopathy, but with 
features suggesting the presence of a demyelinating 
component. 

Several possible pathophysiologic mechanisms have 
been considered and extensively investigated, including 
ischemic effects, and the metabolic disturbance that 
occurs in diabetes. Much attention, without conclusive 
result, has been lavished on the question whether strict 
diabetic control does or does not alter the likelihood of 
development of the neuropathy. Current metabolic re- 
search is focused on the role of the carbohydrates in the 
polyol pathway, particularly sorbitol, which increases in 
diabetes, and myoinositol, which is decreased.’* In 
experimental animals, measures that prevent the drop 
in myoinositol, without altering the other disturbed 
metabolites such as glucose, sorbitol, and fructose, 
prevent the occurrence of nerve damage in these ani- 
mals.’ Further work is in progress to confirm and 
possibly extend these early findings. 


THE NERVOUS SYSTEM 


AMYLOID NEUROPATHY 


Amyloid deposition may affect peripheral nerve in 
three ways:'® (1) vascular amyloid deposited in epineu- 
rial arterioles can produce a generalized ischemic neu- 
ropathy; (2) amyloid may be deposited as focal masses 
within the nerve fascicle, causing local distortion and 
compression of individual nerve fibers—this may lead 
to local demyelination and axonal degeneration; and (3) 
amyloid in ligamentous structures can cause external 
compression of nerve trunks at sites such as the carpal 
tunnel. 

Many of the hereditary forms of amyloidosis have 
an associated peripheral neuropathy. In the acquired 
amyloidoses, primary amyloidosis (immunocyte-derived) 
more commonly causes neuropathy. 


PERIPHERAL NEUROPATHY ASSOCIATED WITH 
MONOCLONAL GAMMOPATHY 


A demyelinating peripheral neuropathy is occasion- 
ally seen in association with monoclonal gammopathies, 
both the benign’® and the myeloma-associated vari- 
eties.'** Recent work has gone some way toward clari- 
fying the pathogenesis of at least some of these cases. 
The use of immunochemical techniques has shown the 
deposition of the monoclonal globulin in the affected 
nerve, where it usually appears to be associated with 
the myelin.'® In one group of patients, all the involved 
IgM paraproteins were shown to be directed against 
myelin-associated glycoprotein.'*'® So far, this has 
been shown to be the case only with some IgM para- 


proteins, although similar neuropathies with intraneural 
deposition of immunoglobulin also occur in patients 
with IgG and IgA monoclonal gammopathies. 


LEPROSY 


The neuropathy in leprosy is caused by the growth 
of the Mycobacterium leprae in and around the periph- 
eral nerves.'® The organisms grow and multiply within 
Schwann cells, thereby damaging the nerves. The form 
of neuropathy depends on the type of leprosy. In 
lepromatous leprosy, in which there is exuberant growth 
of the organism, the distribution of neuropathy is gov- 
erned by the localization of the organism and is unique 
to this disease. Because the mycobacterium grows best 
in cooler temperatures, the cool parts of the body, 
notably the extremities, tip of the nose, and ears, are 
first and most profoundly affected, whereas the axillae 
and crural areas tend to be spared. Another effect of 
the temperature sensitivity of the organism is that the 
affected nerves are superficial and the neuropathy pre- 
dominantly sensory. There is very little damage to the 
deeper-lying motor nerves. In tuberculoid leprosy, in 
which there are few organisms and a pronounced gran- 
ulomatous reaction, the neuropathy is patchy, but again 
governed by the location of the reaction to the infection. 


PERONEAL MUSCULAR ATROPHY (CHARCOT- 
MARIE-TOOTH DISEASE) 


This is a predominantly inherited, slowly progres- 
sive sensorimotor neuropathy. Its major peripheral man- 
ifestations are wasting and weakness in the lower leg 
and foot, giving the characteristic “inverted champagne 
bottle limb.” Pathologically, two forms of this disease 
are seen, one with thickened hypertrophic nerve and 
onion bulbs, and the other with a purely axonal neurop- 
athy without the palpable nerves and hypertrophic 
changes of the more frequent type. 

Mention must also be made of two other types of 
hypertrophic neuropathy. Dejerine-Sottas disease is a 
severe neuropathy occurring in young children.!” Ref- 
sums disease merits mention because of its association 
with raised levels of phytanic acid. 


PERIPHERAL NERVE TUMORS 


SCHWANNOMAS (NEURILEMMOMAS) AND 
NEUROFIBROMAS 


Despite their usually distinct clinical presentations 
and histologic features, these tumors are derived from 
Schwann cells. Previous suggestions of their derivation 
from fibroblasts or perineurial cells have now been 
largely discounted by electron microscopic findings and 
the immunohistochemical demonstration of S-100 pro- 
tein in these tumors.'” Parenthetically, the presence of 


S-100 protein in granular cell tumors (p. 1316)!” is 
suggestive of a Schwann cell origin for these tumors 
also. 


Grossly, both types of tumor have a white-to-gray color 
and a firm texture, but schwannomas are typically solitary, 
circumscribed, and encapsulated lesions, eccentrically lo- 
cated on proximal nerves or spinal nerve roots (Fig. 29-46). 
An interesting, although wholly unexplained, observation is 
that when found on spinal nerve roots they are almost 
invariably on the sensory root. By contrast, neurofibromas 
are more often multiple, are usually but not always unen- 
capsulated, and appear as fusiform enlargements on distal 
nerves. Many are subcutaneous. Microscopically, schwan- 
nomas are distinguished by the presence of areas of high 
and low cellularity, called Antoni A and B tissue, respec- 
tively. In the Antoni A tissue there may be foci of palisaded 
nuclei called Verocay bodies. Blood vessels in schwanno- 
mas often have hyaline thickening around which there may 
be pseudopalisading of the tumor nuclei. Neurofibromas 
have none of these features and usually consist of a loose 
pattern of interlacing bands of delicate spindle cells with 
elongated, slender, and sometimes wavy nuclei. In the two 
types of tumor, there may be quite marked nuclear pleo- 
morphism and irregularity, and occasionally even giant cells, 
but these are not necessarily ominous findings. Myxoid or 
xanthomatous degeneration may also be seen. An important 
point in the distinction between these two tumors is the 
distribution of nerve fibers in them as visualized by silver 
(Bodian) stains. In schwannomas, no nerve fibers are pres- 
ent in the body of the tumor, although the residual nerve of 


; 


Figure 29-46. Schwannoma in cauda equina region. 
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origin of the tumor may be seen compressed to one side. In 
neurofibromas, nerve fibers are found scattered throughout 
the tumor mass, as though it had arisen by expansion of the 
entire nerve fascicle. This distinction has practical signifi- 
cance, since the compression to one side of the nerve of 
origin in a schwannoma raises the possibility of its removal 
without requiring transection of the nerve, a course of action 
not possible in neurofibromas in which the entire nerve is 
involved in the tumor process. 


THE NERVOUS SYSTEM 


Malignant transformation may occur in both types 
of tumor but is much less frequent in schwanno- 
mas.!”* !"4 Jt is characterized by hypercellularity, pleo- 
morphism, mitoses, and blood vessel proliferation, so 
that the tumor resembles a fibrosarcoma. Most cases of 
malignant neurofibroma are encountered in patients 
with von Recklinghausen’s neurofibromatosis (p. 138).!” 

Except in von Recklinghausen’s disease, these are 
usually tumors of adults, presenting most frequently in 
the fifth and sixth decades. The most serious symptoms 
are those produced by schwannomas on the spinal and 
cranial nerve roots. Acoustic schwannomas typically 
present with complaints of deafness and tinnitus asso- 
ciated, if the tumor is large enough, with pressure 
palsies of the adjacent fifth and seventh cranial nerves, 
or evidence of brain stem compression and hydroceph- 
alus. Spinal root neurilemmomas may present as slowly 
progressive cord compression or a cauda equina syn- 
drome. With more distal tumors on nerve trunks, there 
may be local complaints in the territory of the affected 
nerve, and finally, there are the ubiquitous subcuta- 
neous “lumps and bumps,” which, if of neural origin, 
usually prove to be neurofibromas. 


EPILOGUE 


It is evident at the conclusion of this broad overview 
of the diseases of the nervous system that in number 
and diversity they rival the wondrous complexities of 
the nervous system itself. It can be hoped that the 
capsule descriptions of the less common disorders, if 
nothing else, provide a glossary of terms and an appre- 
ciation of the range of problems that may confront the 
neurologist and neuropathologist. 
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paraneoplastic, 256t, 257 
Accumulations, intracellular, 17-26, 19-25. 
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cervicofacial, 349-350, 350 
thoracic, 350 
tissue reaction in, 60t 
Acumentin, 49 
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of hypothalamus, 1199, 1200 
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Addison's disease, 784, 785, 1235, 1235-1236 
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of endometrium, 224 
of gallbladder, 953, 954 
of lung, 753 
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Adenoid cystic carcinoma, of salivary glands, 
794, 794 
Adenolymphoma, of salivary glands, 792, 792 
Adenoma, 215 
aldosterone-producing, 1240 
corticotropin-secreting, 1196 
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growth hormone secretion by, 1196, 1196 
in hyperparathyroidism, 1227-1228, 1228 
islet cell, 986-987, 987 
lactating, 1176 
liver cell, 934~935 
nonsecretory (chromophobe) of pituitary, 
1198 
of adrenal cortex, 1242-1243, 1243 
of bile duct, 935 
of gallbladder, 951-952 
of nipple, 1178 
of parathyroid, 1227-1228, 1228 
of pituitary, 1194-1195, 1194-1196 
pleomorphic, 215, 216 
of parotid gland, 790, 791 
tubular, 864-865, 864-865 
tubulovillous, 866 
villous, 865-866, 866 
Adenomyoma, of gallbladder, 952 
Adenomyosis, of uterus, 1130-1132, 1131 
Adenosis, sclerosing, of breast, 1172-1173, 
1173 
Adenovirus, oncogenic, 245, 245t 
Adherence, leukocyte, defects of, 51 
Adrenal cortex, 1232-1243 
adenoma of, 1242-1243, 1243 
carcinoma of, 1243, 1243 
congenital hyperplasia of, 1241-1242, 1242 
congenital hypoplasia of, 1234 
ectopic, 1234-1235 
hyperfunction of, 1237-1242 
hypofunction of, 1235-1237, 1235t 
in Cushing’s syndrome, 1238, 1239, 1239 
normal, 1232-1234, 1233 
tumors of, 1242-1243, 1243 
Adrenal medulla, 1244-1248 
neuroblastoma or ganglioneuroma of, 498, 
499, 1247, 1247-1248 
normal, 1244 
pheochromocytoma of, 1244-1247, 1245- 
1246 
tumors of chemoreceptor system of, 1248 
Adrenal virilism, 1241-1242, 1242 
Adrenocortical insufficiency, primary acute, 
1236-1237 
primary chronic, 1235, 1235-1236 
secondary, 1237 
Adrenogenital syndrome, 1242 
Adriamycin, cardiotoxicity due to, 444 
Aerobic glycolysis, 234 
Aflatoxin, carcinogenesis and, 238 
African trypanosomiasis, 369-370 
Agammaglobulinemia, X-linked, of Bruton, 
205-206 


Aging, amyloidosis and, 200, 203, 204 
cellular, 36-37 
free radical theory of, 13 
wound healing and, 80 
AGR complex, 498 
Agranulocytosis, 654-655 
Ague cake, 367 
AIDS, 208-210, 292, 543-544 
Air embolism, 106-107 
Air pollution, 430-442. See also individual 
lung disorders. 
AL protein, 197 
Albers-Schénberg disease, 1321 
Albinism, 141, 1274 
Albright’s syndrome, 1334 
Alcohol, in congenital malformations, 481 
Alcoholic hepatitis, 918, 919-920, 919-920 
Alcoholic hyalin, 28, 29, 36, 919, 920 
Alcoholic liver disease, 917-923. See also 
Cirrhosis, of liver, alcoholic. 
Alcoholism, chronic, 449 
Aldosterone, 1234 
Alimentary system, in pernicious anemia, 
633-634 
in scleroderma and, 191-192, 192 
Alkaline phosphatase, in cholestasis, 891 
in leukemia, 679 
Alkaptonuria, 142 
pigmentation in, 24 
Alkylating agents, carcinogenic, 237 
Alpha cell, 972, 973-974 
Alpha cell tumor, 988-989 
Alpha granule, 94 
Alpha-l-antitrypsin, 56 
deficiency, 721 
cirrhosis and, 930-931, 931 
Alpha-2-macroglobulin, 56 
Alpha-chain disease, 693-694 
Alpha-fetoprotein, 234, 268 
Alpha-naphthylamine, 460t—-46lt 
Alpha-thalassemia trait, 627 
Alport’s syndrome, 1026, 1026 
Alveolar abscess, 772, 772 
Alveolar capillary, congestion of, 89 
Alveolar clearance, 708, 708 
Alveolar proteinosis, 746, 746 
Alveolar structure, microscopic, 706, 707, 
Alveoli, calcification in, 36 
Alveolitis, 743 
external allergic, 744-745 
extrinsic allergic, 442 
fibrosing, 747-748, 748 
Amanita muscaria poisoning, 452 
Amanita phalloides poisoning, 452 
Amaurotic familial idiocy, 145 
Amebiasis, 362, 362-363 
Amebic meningoencephalitis, 363-364 
Ameloblastoma, 786-788, 787, 1200 
Amelogenesis imperfecta, 770, 770 
American trypanosomiasis, 370 
Ames test, 240 
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Amides, carcinogenesis and, 238 
Amine, aromatic, 238 
Ammonia, in hepatic encephalopathy, 894 
Amniocentesis, 119 
Amniotic embolism, 104 
Amniotic fluid infusion, 103, 104 
Amorphous density, 13 
Ampulla of Vater, carcinoma of, 954-955, 955 
Amyloid, staining characteristics of, 36 
Amyloidosis, 195-205 
aging and, 200, 203, 204 
Bence Jones protein in, 198 
birefringence in, 196, 196 
chemical nature of amyloid in, 197~198 
classification of, 198-200, 199t 
clinical correlation in, 204-205 
gastrointestinal, 205 
glomerular disease in, 1026 
heart in, 203, 204 
heredofamilial, 199, 199t 
immunocyte dyscrasias with, 198-199, 199t 
kidney in, 201, 202 
liver in, 203, 204, 1025 
localized, 199-200 
morphology of, 200-204, 201-204 
pathogenesis of amyloid formation in, 200 
physical nature of amyloid in, 196-197, 197 
primary, 196 
proteins in, 197-198 
proteinuria in, 204 
reactive systemic, 199, 199t 
secondary, 196 
spleen in, 202-203, 203 
staining characteristics of, 196, 201 
tongue in, 204 
Analgesics, adverse reactions to, 445-446 
Anaphase lag, 123 
Anaphylaxis, 163-166, 164 
arachidonic acid metabolites in, 165 
eosinophil chemotactic factor of, 49 
IgE in, 164, 164 
in shock, 113 
local, 165-166 
mast cells in, 164, 164-165 
platelet activating factors in, 165 
systemic, 165 
Anaplasia, 218-220, 218-221 
Anasarca, 85, 551 
Ancylostoma braziliense, 379 
Ancylostoma caninum, 379 
Ancylostoma duodenale, 376 
Androblastoma, of ovary, 1154, 1154 
Anemia, 613-641 
aplastic, 638-640, 638t, 639 
classification of, 613t 
clinical features of, 614 
Fanconi's, 639 
folate deficiency, 634-635, 635 
hemolytic, 614-630 
autoimmune, 628-629, 628t 
cold agglutinin autoimmune, 629 
cold hemolysin autoimmune, 629 
extravascular hemolysis in, 615, 615 
glucose-6-phosphate dehydrogenase 
(G6PD) deficiency in, 617-618 
intravascular hemolysis in, 614-615 
microangiopathic, 1048, 1048-1049 
red cell trauma in, 629-630 
warm antibody autoimmune, 628-629 
immunohemolytic, 628 
in beta-thalassemia, 624 
in kwashiorkor, 402 
in leukemia, 683 


Anemia (Continued) 
in marasmus, 402 
in renal failure, 997 
iron deficiency, 635-638 
megaloblastic, 630-635, 631t 
folic acid deficiency in, 417-418 
vitamin B,, deficiency in, 418-419 
microcytic, hypochromic, iron deficiency 
and, 422-423, 423 
morphology of, 613-614 
mnyelophthisic, 640 
newborn congenital, 487 
of blood loss, 614 
of diminished erythropoiesis, 630-641 
pernicious, 631-634, 632, 634 
alimentary system in, 633-634 
atrophic glossitis in, 633, 784, 785 
bone marrow in, 633, 634 
central nervous system lesions in, 634 
intestinalization in, 634 
juvenile, 634 
megaloblasts in, 633, 634 
vitamin B,, deficiency in, 632-634 
Aneuploidy, 123 
Aneurysm, aortic, 529-535 
arteriosclerotic, 530, 530 
arteriovenous, 505 
berry, 529, 1393, 1393-1394 
cirsoid, 505 
dissecting, 530, 532-535, 533-535 
fusiform, 529-530 
mycotic, 528 
saccular, 529 
syphilitic (luetic), 531-532, 531-532 
thoracic, 531-532 
Angiitis, hypersensitivity or leukocytoclastic, 
022, 522-523 
Angina pectoris, 555-556 
in ischemic heart disease, 552 
Prinzmetal’s, 555-556 
stable, 555 
unstable, 556 
Angiodysplasia, of colon, 859 
Angioedema, hereditary, 210 
Angiofibroma, nasopharyngeal, 764 
Angiogenesis, 72 
Angiogranuloma, 782 
Angioimmunoblastic lymphadenopathy, 696— 
697, 697 
Angiokeratoma corporis diffusum universale, 
152-154 
Angiomatosis, encephalotrigeminal, 541 
Angiosarcoma, 542-543, 543 
hepatic, 542-543, 939 
lymphedema-associated, 544 
Angiostrongylus cantonensis, 379 
Angiostrongylus costaricensis, 379 
Anisakis marina, 379 
Anitschkow cell, 572 
Ankylosing spondylitis, }355 
Ankyrin, 28, 29 
Anodontia, 768-769 
Anthracosis, 23, 23 
Anthrax, 327-328 
Anti-glomerular basement membrane nephri- 
tis, 1004, 1004 
Antibody, antinuclear, 181 
in cell-mediated cytotoxicity, 166, 166 
in transplant rejection, 172, 172-173 
monoclonal, 159 
Antigen, Ca, 234 
carcinoembryonic, 234, 268 
fetal, 234 


Antigen (Continued) 
fetal tumor-associated, 268 
Heyman, 1005 
histocompatibility, 160-162, 160-163 
HLA-D, 16] 
oncofetal, 268 
sequestered, 179 
tumor-associated rejection, 233 
tumor-specific, 233-234 
tumor-specific transplantation, 233 
Antinuclear antibody, 181 
Antiprotease, 56 
Anus, imperforate, 856 
Aorta, abdominal, atherosclerotic aneurysin 
of, 530 
aneurysm of, 529-535 
coarctation of, 589, 589-590 
cystic medionecrosis of, 137, 137-138 
dissection of, 532-535, 533-535 
double-barreled, 533 
giant cell arteritis of, 526 
thoracic, aneurysm of, 531-532 
Aortic arch syndrome, 526 
Aortic valve, bicuspid, 591 
calcification of, 35, 35 
infective endocarditis of, 582, 583 
stenosis and atresia of, 591 
stenosis of, 578, 578-579 
Aortitis, giant cell, 524 
gummatous, 529 
luetic, 531-532, 531-532 
nonsyphilitic, 526 
primary, 526 
Aortitis syndrome, 526 
Apgar score, 477-478, 478t 
Aphthous stomatitis, 285, 777, 778 
Apical abscess, 772, 772 
Aplasia, red cell, 640 
Aplastic anemia, 638-640, 638t, 639 
Apocrine metaplasia, 1172 
Apoptosis, 15 
Appendicitis, 874-876, 875 
acute suppurative, 66, 67 
Appendix, 874-877 
carcinoid of, 843, 844 
carcinoma of, 877 
endocrine cell tumor of, 844 
giant measles cells in, 282 
inflammation of, 874-876 
mucocele of, 876, 876-877 
pinworm in, 377 
tumor of, 877 
APUDoma, 842, 843t 
Arachidonic acid metabolites, 54-56, 55, 56t 
anaphylaxis and, 165 
Arachnodactyly, 137 
Arbovirus disease, 290 
Argentaffin cells, 807 
Argentaffinoma, of colon, 874 
_ of small intestine, 842-844, 842-845, 843t 
Argyrophil cells, 807 
Aromatic amine, 238 
Arrhenoblastoma, of ovary, 1154, 1154 
Arsenic poisoning, 455-456 
Arterioles, vasoconstriction of, 42 
Arteriolitis, necrotizing, 519, 1046, 1046 
Arteriolosclerosis, 518-519, 519 
hyaline, 36, 518 
hyperplastic, 518, 519 
in diabetes mellitus, 984 
in diabetic nephropathy, 1025 
Arteriosclerosis, 505-519. See also individual 
types. 


Arteriosclerotic aneurysm, 530, 530 
Arteriovenous aneurysm, 505 
Arteriovenous fistula, 505 
Arteriovenous malformation, of brain, 1394 
Arteritis, giant cell, 524-525, 525 
of aorta, 526 
infectious, 528-529 
rheumatic, 574 
Takayasu's, 526 
temporal, 524-525, 525 
Artery, 505-535. See also individual disor- 
ders. 
arteriosclerosis of, 505-519 
congenital anomalies of, 505 
inflammation of, 519-529. See also Arteritis 
and individual types. 
large elastic, 502 
medium muscular, 502-503, 503 
small, 503 
Arthritis, 1348-1362 
gouty, 1356-1361 
rheumatic, 574, 13855-1356 
rheumatoid, 1351--1355. See also Rheuma- 
toid arthritis. 
suppurative, 1348-1349 
tuberculous, 1349 
Arthus reaction, 3, 169, 169 
Asbestos, 460t-461t 
carcinogenesis and, 238, 247 
in bronchogenic carcinoma, 751 
in mesothelioma, 760-761, 760-761 
Asbestos body, 438, 438 
Asbestosis, 438-439, 438-440 
Ascariasis, 375-376 
Ascaris lumbricoides, 375-376 
Aschoff body, 572, 572 
Aschoff cell, 572 
Aschoff giant cell, 572 
Ascites, 85 
chylous, 538 
in cirrhosis of liver, 86-87 
in portal hypertension, 916-917 
Aspergilloma, 355 
Aspergillosis, 354-355 
allergic bronchopulmonary, 728 
Aspergillus flavus, carcinogenesis and, 238 
Aspirin, adverse reactions to, 445-446 
Reye’s syndrome and, 941, 941-942 
Asterixis, 893-894 
Asthma, bronchial, 727-729, 727t, 729 
aspirin-sensitive, 728 
atopic or allergic, 727-728 
nonatopic or nonreaginic, 728 
occupational, 442, 728 
Asymmetric septal hypertrophy, 597 
Ataxia telangiectasia, cancer in, 241 
Atelectasis, 709-710, 710 
compressive, 710 
contraction, 710 
obstructive, 710 
patchy, 710 
Atelectasis neonatorum, 485-486 
Atheroma, 506 
Atheromatous plaque, 509-511, 509-512 
Atherosclerosis, 506-518 
atheromatous plaque in, 509-511, 509-512 
cigarette smoking and, 508 
clinical significance of, 517-518 
definition of, 506 
diabetes and, 508 
endothelial injury in, 515-516 
epidemiology and incidence of, 506-509 
fatty streak in, 512, 512 


Atherosclerosis (Continued) 
growth control disturbances in, 517 
historical hypotheses of, 513 
hyperlipidemia and diet in, 507-508 
hypertension in, 508 
in diabetes mellitus, 983, 983-984 
in diabetic nephropathy, 1025 
intimal smooth muscle proliferation in, 
516-517 
monoclonal hypothesis of, 517 
morphology in, 509-512, 509-512 
obesity and, 508 
pathogenesis of, 513-517 
physical activity and, 508 
reaction to injury hypothesis in, 515-517, 
516 
risk factors in, 507-509 
role of lipids in, 513-515, 514, 515t 
stress and, 508 
theories of, 515-517, 516 
Atherosis, in eclampsia, 1156, 1156 
Atmospheric pressure changes, 463 
Atopy, 165 
Atrial septal defect, 587-588 
Atrophy, brown, 23 
cellular, 29-31, 30 
of brain, 29-31, 30 
Auer body, in leukemia, 679 
Autacoids, 54 ; 
Autoimmune disease, 176-195 
bypass of T-helper cell (low-zone) tolerance 
in, 178, 179 
genetic factors in, 179-180 
immunologic tolerance and, 176-178, 178 
mechanisms of, 178-180 
mechanisms of tissue damage in, 180 
probable, 176t 
requirements of, 176 
sequestered antigen in, 179 
T-suppressor function loss in, 179 
viruses in, 180 
Autolysis, 15 
cellular, 2 
postmortem, 2 
Autolysosomes, 26 
Autonomic nervous system, in cystic fibrosis, 
494 
in diabetes mellitus, 985 
Autophagic vacuole, 30 
Autophagocytosis, 26 
Autophagy, 26, 26 
Autosomal dominant disorders, 136-141 
Autosomal recessive disorders, 141-152 
Autosomes, disorders of, 126-129, 127t 
Autosplenectomy, in sickle cell disease, 620 
Azo dyes, 238 


B cell, 159 
identification techniques for, 666t 
in lymphoma, 664 
lupus erythematosus and, 183 
polyclonal activation of, 179 
Babesia microti, 369 
Babesiosis, 369 
Bacillary dysentery, 321-322, 322 
Bacillus anthracis, 327-328 
Bacillus pyocyaneus, 313 
Bacteremia, gram-negative, 31] 
mycobacterial, 346 
salmonella, 321 
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Bacteria, cellular injury and, 4 
host tissue damage by, 301-302 
zoonotic, 327-334 
Bacterial disease, 300-350, 303t. See also 
individual types. 
childhood, 315-318 
enteropathogenic, 318-324 
Bacterial shock, 113 
Bacteriuria, asymptomatic, 1034 
Bacteroides fragilis, 314-315 
Bacteroides melaninogenicus, 314-315 
Balanitis xerotica obliterans, 1290 
Balanoposthitis, 1082, 1083 
Balantidiasis, 363 
Balantidium coli, 363 
Balkan nephropathy, 1041 
Balloon cells, 150 
Barbiturate blisters, 446 
Barbiturates, adverse effects of, 446 
Barr body, 120, 122 
Barrett's esophagus, 801-802 
Bartholin’s adenitis, 1114 
Bartholin’s cyst, 1114 
Bartonellosis, 340 
Bartter’s syndrome, 1240 
Basal cell carcinoma, of skin, 1265-1266, 1266 
Basal cell nevus syndrome, 1265 
Basal ganglion, degenerative diseases of, 
1416-1418 
Basement membrane, in diabetes mellitus, 
982, 982~—983, 1023 
in diabetic glomerulosclerosis, 1023 
Becker dystrophy, 1310 
Bejel, 338 
Bence Jones protein, 688 
amyloidosis and, 198 
Benzidine, 460t-46lt 
Berger's disease, 1019, 1019 
Beriberi, 413—414 
dry, 414 
wet, 414 
Bernard-Soulier syndrome, 647 
Berry aneurysm, 529, 1393, 1393-1394 
Berylliosis, 440-442, 441 
Beryllium granulomatosis, 441, 441 
Beta-cell, 972, 973 
Beta-cell tumor, 986-987, 987 
Beta-naphthylamine, 238, 460t—46lt 
Bile, in peritonitis, 877-878 
Bile duct, adenoma of, 935 
carcinoma of, 954, 954—955 
Bilharziasis, 388-390, 389 
Biliary cirrhosis, 928-930, 929-930 
Biliary system, 942-955. See also Gallblad- 
der. 
Bilirubin, 25-26 
excessive, 889-892, 892t. See also Hyper- 
bilirubinemia; Jaundice. 
metabolism of, 887-889, 888 
Biochemical genetics, 119 
Biopsy, kidney, stains and techniques in, 995, 
995 
Birbeck granules, 694, 695 
Birth injury, 478 
Birth weight, gestational age determination 
and, 474478 
neonatal mortality and, 474, 475t 
Bis(chloromethyl) ether, 460t~461t 
Bites, insect, 1300-1301 
Bitot’s spots, 404 
BK virus, 244 
Black tongue, 780 
Blackwater fever, 367 
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Bladder, urinary, 1065-1078. See also Uri- 
nary bladder. 
Blast injury, 463 
Blastomyces dermatitidis, 356 
Blastomycosis, 356, 356-357 
South American, 357 
Bleeding disorders, 643-651. See also Hem- 
orrhagic diathesis. 
Blindness, in vitamin A deficiency, 405 
Blistering (bullous) disease, 1293-1297 
Blood clot. See Clot; Coagulation. 
Blood pressure. See also Hypertension. 
regulation of, 1042, 1042 
Blood vessels, 502-546. See also individual 
disorders. 
Bloodgood’s disease, 1170 
Bloom’s syndrome, 24] 
Blue bloaters, 723 
Blue dome cyst, 1170 
Blue nevus, 1277, 1277 
Blue rubber bleb nevus syndrome, 1269 
Body water, distribution of, 85, 86t 
Boeck’s sarcoid, 390-392, 391 
Boil, 304, 304-305 
Bone, 1317-1347. See also individual disor- 
ders. 
as tissue, 1317-1318, 1318 
brittle, 1320-1321] 
chondromatous tumor of, 1341-1343, 1342- 
1343 
congenital and hereditary disorders of, 
1320-1323 
fibrous cortical defect of, 1834-1335 
fibrous dysplasia of, 1333-1334, 1335 
fracture of, 1325-1327, 1326 
giant cell tumor of, 13845-1347, 1346-1347 
hyperparathyroidism and, 1329-1330, 
1330 
hypertrophic osteoarthropathy of, 1333 
in multiple myeloma, 690 
in renal failure, 996-997 
infections of, 1323-1325 
marble, 1321 
marrow tumors of, 1343-1345, 1344 
modeling and remodeling of, 1319-1320 
normal, 1317-1320 
normal development and maintenance of, 
408-409 
osteoblastic tumors of, 1336-1340 
osteomalacia of, 1329 
osteoporosis of, 1327-1329 
osteosarcoma of, 1337-1340 
Paget's disease of, 1331-1333, 1332 
resorption of, 1319 
syphilis of, 1325 
thick, 1320-1321 
tuberculosis of, 1325 
tumors of, 1335-1347, 1336t 
vitamin C deficiency and, 420-421, 420- 
421 
von Recklinghausen’s disease of, 1329- 
1330, 1330 
woven, 1318 
Bone marrow, in aplastic anemia, 639, 639 
in iron deficiency anemia, 638, 638 
in leukemia, 679, 680 
in myeloid metaplasia, 686-688, 687 
in pernicious anemia, 633, 634 
in Waldenstrém’s macroglobulinemia, 692- 
693, 692-693 
normal anatomy and morphology of, 612— 
613 
sarcoidosis of, 392 
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Bone marrow (Continued) 
transplantation of, 175-176 
Bordetella bronchiseptica, 316 
Bordetella parapertussis, 316 
Bordetella pertussis, 316-317 
Borrelia recurrentis, 333-334 
Botulism, 325 
Bourneville’s disease, 1428 
Bowel. See Colon; Intestine, small. 
Bowen’s disease, of penis, 1085-1086 
of vulva, 1118 
Bowenoid papulosis, 1267, 1267 
of penis, 1085 
Bradykinin, action of, 53 
Brain, abscess of, 1381, 1381-1382 
arteriovenous malformation of, 1394 
atrophy of, 29-31, 30 
edema of, 87-88 
fat embolism in, 107 
herniation of, 1375, 1375 
hypoxia, ischemia, and infarction of, 1388— 
1391 
in galactosemia, 492 
in left-sided congestive heart failure, 550 
in malaria, 368, 368 
in preterm infant, 477 
in thiamine deficiency, 414 
in toxemia of pregnancy, 1156 
radiation necrosis of, 1422 
status spongiosus of, 1386, 1386 
traumatic injury to, 1398, 1398-1399 
Brain stem, malformation of, 1426-1428 
Breakbone fever, 290 
Breast, 1165-1191 
abscess of, 1167 
adenoma of nipple of, 1178 
carcinoma en cuirasse of, 1185, 1187 
carcinoma of, 1178-1188, 1180t 
clinical course of, 1186-1188 
colloid or mucinous, 1181, 1184 
ductal, 1180-1184 
environmental factors in, 1180 
etiology and pathogenesis of, 1179-1180 
genetic factors in, 1179 
grading and staging of, 1186 
hormonal factors in, 1179-1180 
incidence of, 1179 
infiltrating duct, 1181, 1182-1183 
inflammatory, 1185 
intraductal, 1180-1181, 1181 
lobular, 1184-1185, 1186 
lobular in situ, 1184-1185, 1186 
medullary, 1181, 1183-1184 
morphology in, 1180-1186, 1181-1187 
Paget's disease in, 1181-1184, 1185 
scirrhous, 1181 
spread of, 1186 
treatment of, 1187-1188 
viral etiology of, 1180 
congenital anomalies of, 1167 
cystic disease and gross cysts of, 1170-1172, 
1171-1172 
cystic hyperplasia of, 1169-1175 
cystosarcoma phyllodes of, 1177, 1177 
endocrine imbalances of, 1169-1175 
epithelial hyperplasia of, 1173-1174, 1174 
fibroadenoma of, 223, 1175-1177, 1176 
fibroadenomatosis of, 1175 
fibrocystic disease of, 1169-1175 
fibrosis of, 1170, 1170 
galactocele of, 1168-1169 
granuloma caused by cosmetic injection of, 
1169 


Breast (Continued) 
hypertrophy of, 1175 
inflammation of, 1167-1169 
intraductal papilloma of, 1177-1178, 1178 
inverted nipples of, 1167 
lactating adenoma of, 1176 
male, 1188-1189 
gynecomastia of, 1189, 1189 
malignant melanoma of, 24, 24 
mammary duct ectasia of, 1167-1168, 1168 
mammography of, 1185-1186 
masses of, 1189-1190 
mastitis of, 1167 
normal, 1165-1166, 1166 
Paget’s disease, 1181-1184, 1185 
papillomatosis of, 1174, 1174 
sclerosing adenosis of, 1172-1173, 1173 
supernumerary nipples of, 1167 
traumatic fat necrosis of, 1168, 1169 
tumors of, 1175-1188 
Brenner tumor, of ovary, 1148, 1148 
Brill-Zinsser disease, 297 
Brittle bones, 1320-1321 
Brodie’s abscess, 1324 
Bronchial asthma, 727~729, 727t, 729 
Bronchial carcinoid, 755-756, 756 
Bronchiectasis, 729-732, 731 
cylindroid, 730 
saccular, 730 
Bronchioalveolar tumor, 542 
Bronchiole; 705 
Bronchiolitis, viral obliterative, 280 
Bronchiolitis fibrosa obliterans, 726 
Bronchioloalveolar carcinoma, 755, 755 
Bronchitis, chronic, 725—726, 726-727 
emphysema vs, 717, 718t 
Bronchogenic carcinoma, 443, 750-755 
air pollution in, 751 
asbestos causing, 751 
clinical course in, 754-755 
etiology and pathogenesis of, 750-751 
genetic factors in, 751 
histologic classification in, 751, 751t 
hormonal and systemic syndromes in, 754— 
755 
incidence of, 750 
industrial hazards in, 750-751 
morphology in, 751-752, 752-753 
radiation causing, 751 
scarring in, 751 
secondary pathology in, 754 
squamous cell, 753 
staging in, 754~—755 
tobacco smoking in, 750 
uranium causing, 751 
Bronchogenic cyst, 709, 709 
Bronchopneumonia, 733-734, 733-734 
hypostatic, 711 
staphylococcal, 305 
Bronchopulmonary aspergillosis, allergic, 728 
Brown atrophy, 23 
Brown induration, 89 
Brucellosis, 330-331 
Brugia beaveri, 383 
Brugia malayi, 381-382 
Bruise, pigmentation in, 25 
Brunn’s nests, 1065 
Buerger’s disease, 526-527, 527 
Bullous dermatosis. linear IgA, 1296 
Bullous pemphigoid, 1295, 1296 
Burkitt’s lymphoma, 662, 662-663 
chromosomal defect in, 233 
Epstein-Barr virus and, 245 


Burns, 462—463 
Bursitis, 1366-1367 
Byssinosis, 442, 745 


C inhibitor deficiency, 210 
C2 deficiency, 210 
C3 convertase, 53 
C3 deficiency, 210 


C5b-9, 53 
C5b67, 53 
Ca antigen, 234 
Cachexia, 255 
Café au lait spots, 139 
Caisson disease, 106-107 
Calcification, 35-36, 35-36 
aortic valve, 35, 35 
dystrophic, 35, 35 
metastatic, 35-36, 36 
Calcium, intracellular, in cystic fibrosis, 493- 
494 
Calmodulin, 49 
Calymmatobacterium donovani, 339 
Campylobacter (fetus) intestinalis, 323 
Campylobacter (fetus) jejuni, 323 
Campylobacter enteritis, 323 
Cancer. See also Tumor. 
age and, 262-263 
childhood, 262-263 
cytologic diagnosis of, 265-266, 266 
diet and, 426-427 
environmental and cultural influences in, 
263 
geographic and racial factors in, 260-262, 
260t, 261, 262t 
grading and staging of, 229-230 
heredity in, 263-264, 264t 
histologic diagnosis of, 265 
incidence by sex and site in, 260t 
laboratory diagnosis of, 265-268 
mortality rates in, 261-262, 262t 
obesity and, 426 
oral contraceptive use and, 448 
pathogenesis of, 248-250 
predisposing factors in, 264-265 
predisposition to, 260-265 
scar, 248 
skin, mechanism in, 241-242 
tumor markers in, 267, 267—268, 267t 
Cancer cell, 230-236 
altered growth properties of, 230-231 
antigenic changes in, 233-234 
cell junction in, 236 
cell surface and membrane changes in, 
235-236, 236 
cytopodia of, 235, 236 
karyotypic changes in, 231-233, 232t 
metabolic changes in, 234-235 
morphologic changes in, 231, 231 
Candida albicans, 352-354, 353 
Candidiasis, 352-354, 353 
chronic mucocutaneous, 353 
endocarditis, 353 
invasive, 353, 353 
of kidney, 353 
of lungs, 353 
of oral cavity, 353, 777, 777 
of skin, 353 
Capillaria philippinensis, 378 


Capillariasis, 378 
Capillary hemangioma, 539, 539-540, 1268- 
1269, 1269 
Capillary lymphangioma, 544 
Caplan’s syndrome, 434, 1352 
Caput succedaneum, 478 
Carbohydrate, intracellular, 22 
Carbon, inhaled, 23, 23 
Carbon monoxide poisoning, 450 
Carbon tetrachloride, cellular injury and, 12, 
12, 12t 
poisoning by, 450-451, 451 
Carbuncle, 304, 304-305 
Carcinoembryonic antigen, 234, 268 
Carcinogenesis, 236-248 
asbestos in, 247 
chemical, 237-241, 237t, 248t 
aromatic amines and azo dyes in, 238 
asbestos in, 238 
direct-acting alkylating agents as, 237 
industrial, 459, 460t—-461t 
initiation in, 239 
mutagenesis in, 240 
naturally occurring, 238 
nitrosamines and amides in, 238 
polycyclic aromatic hydrocarbons in, 
237-238 
promotion in, 239 
significant features of, 240-241 
somatic mutation in, 239-240 
steps involved in, 239-240 
vinyl] chloride in, 238 
chemicals strongly implicated in, 248t 
Clonorchis sinensis in, 248 
oncogenic viruses in, 243-247, 244t-245t 
radiation, 241-243 
scarring and, 248 
Schistosoma in, 248 
ultraviolet rays in, 241-242 
X-rays in, 242 
Carcinoid, appendiceal, 843, 844 
bronchial, 755-756, 756 
of small intestine, 842-844, 842-845, 843t 
Carcinoid heart disease, 579-580 
Carcinoid syndrome, 844-845 
pellagra and, 415 
Carcinoma. See also individual types. 
bronchogenic, 443, 750-755. See also 
Bronchogenic carcinoma. 
chromosomal defect in, 232t 
of ampulla of Vater, 954-955, 955 
of appendix, 877 
of breast, diet and, 427 
of endometrium, 1137—1139, 1139 
of esophagus, 804-806, 805 
of larynx, 762, 762 
of liver, metastatic, 227, 227 
of nasal cavity and sinuses, 764 
of salivary glands, 795 
of small intestine, 845, 845 
renal cell, 224, 1054-1056, 1055-1056 
squamous cell, 215. See also Squamous cell 
carcinoma. 
Carcinoma in situ, of cervix, 222, 222, 1125— 
1126, 1125-1126 
of urinary bladder, 1075-1076 
of vulva, 1118 
Cardiac. See also Heart. 
Cardiac cirrhosis, 90 
Cardiac death, sudden, 552 
Cardiac gland, cellular structure of, 806-807 
Cardiac histiocyte, 572 
Cardiac muscle, regeneration of, 71, 71 
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Cardiac sclerosis, 90, 551 
Cardiogenic shock, 113, 113t 
Cardiomyopathy, 596-601 
dilated (congestive), 596-597, 597 
hypertrophic, 597-599, 598 
peripartum, 596-597 
restrictive/infiltrative, 599-601, 600, 600t 
Cardiovascular system, heroin addiction and, 
457 
syphilis of, 337 
Caries, dental, 770-771, 771 
radiation, 771 7 
Carotene, 403 
Carrion’s disease, 340 
Caseous necrosis, 17, 17 
Caseous tuberculosis, 17, 17 
Cat-scratch fever, 60t, 291 
Caterpillar cell, 572 
Cavernous hemangioma, 540, 540, 1269, 1269 
Cavernous lymphangioma, 544 
Celiac disease, adult and childhood, 847-848, 
849 
Celiac sprue, 847-848, 849 
Cell, 2-37 
accumulations in, 17-26, 19-25 
cholesterol, 20 
complex lipids and carbohydrates, 22 
glycogen, 21-22, 22 
lipid, 18-21, 19-21 
pigment, 22-26, 23-25 
processes of, 18 
protein, 21, 21 
adaptations of, 2, 29-35 
aging of, 36-37 
atrophy of, 29-31, 30 
autolysis of, 2 
balloon, 150 
chemical and toxic injury to, 10-13, 11-12 
free radical formation in, 10-13, 11-12, 
12t 
general mechanisms of, 10 
chilling or freezing, 460 
confluence of, 225, 225 
contact inhibition of, 225 
dead, 2, 15 
degeneration of, 2 
dysplasia of, 34, 34-35 
Gaucher, 147, 147 
heart failure, 89 
hydropic degeneration of, 14, 14f 
hyperplasia of, 32, 32-33 
hypertrophy of, 2, 31, 31-32 
injury to, 2-18 
amorphous densities and, 13 
bacteria in, 4 
biochemical site of, 3 
biologic agents in, 4 
carbon tetrachloride, 12, 12, 12t 
causes of, 3-5 
chemical agents and drugs in, 4 
duration and severity of, 3 
endoplasmic reticulum in, 12, 13 
genetic derangements in, 4 
hypoxia in, 4 
immunologic reactions in, 4 
ischemic and hypoxic, 5-9, 5-9 
light microscopic patterns in, 14-17, 14— 
17 


lysosomes in, 13-14 
mitochondrial changes in, 13 
morphology of, 3, 13-17 
nutritional imbalances in, 4-5 
pathogenesis of, 5-13 
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Cell (Continued) 
injury to, physical agents in, 4 
plasma membrane in, 13 
reversible, 2 
secondary effects of, 3 
ultrastructural changes in, 13-14 
viral, 4 
vulnerability in, 3 
ischemic and hypoxic injury to, 5-9, 5-9 
aerobic respiration in, 5-6 
bleb formation in, 6, 7 
calcium accumulation in, 7 
cell membrane alterations in, 9, 9 
cell susceptibility and, 8, 8t 
edema in, 6, 6 
lysosomal membrane rupture in, 8 
mechanisms of irreversible injury in, 8— 
9 
mitochondrial dysfunction in, 8-9 
mitochondrial vacuolization in, 7, 7 
myelin figures in, 6-7 
pH in, 6 
ribosome detachment in, 6 
sequence of events in, 5-7, 5-8 
labile, 70 
metaplasia of, 33, 33-34 
necrotic, 2, 14-17, 16—17 
proliferation of, 75, 75-77 
cell-cell and cell-matrix interactions in, 
76 
density dependent regulation of, 76 
inhibitory factors in, 76 
stimulatory hormones and growth factors 
in, 75-76 
radiosensitivity of, 466-467, 466t 
smooth muscle, 70-71 
stable, 70-71 
swelling, 14, 14 
Cell cycle, 75, 75 
Cell fusion, 120-122 
Cell hybridization, 120-122 
Cell membrane, cell injury and, 9, 9, 13 
Cellular scar, 72 
Cellulitis, clostridial, 326 
Central nervous system. See Nervous system. 
Cephalhematoma, 478 
Cerebral hemorrhage, 90, 91, 1392, 1392 
Ceroid, 23 
Cervicitis, chlamydial, 293 
Cervicofacial actinomycosis, 349-350, 350 
Cervix, cancer of, 265, 266 
carcinoma in situ of, 222, 222, 1125-1126, 
1125-1126 
Cesarean section, respiratory distress syn- 
drome and, 484 
Cestodes, 383-386 
Chagas’ disease, 370-371, 371 
esophageal achalasia in, 799 
myocarditis in, 595, 595 
Chalone, 32, 76 
Chancre, soft, 340 
syphilitic, 336, 336 
Chancroid, 340 
Charcot-Leyden crystals, 728 
Chédiak-Higashi syndrome, leukocyte defects 
in, 51 
microtubule polymerization in, 28 
mixed defects in, 51-52 
Cheilosis, riboflavin deficiency in, 415 
Chemical carcinogenesis, 237-241, 237t, 248t 
Chemical injury, 443-459. See also individual 
chemicals. 
cellular, 4, 10-13, 11-12 
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Chemokinesis, 47 
Chemotaxis, eosinophilic, 49 
monocytic, 49 
leukocytic, 47-49 
Cherry-red spot, 142-145 
Chickenpox, 285-286 
oral, 776 
Children, bacterial infection in, 315-318 
diseases of, 474-501. See also individual 
diseases. 
major causes of death of, 475t 
tumor and tumor-like lesions of, 497-500, 
499t 
Chlamydial disease, 292-295 
Chlorinated hydrocarbon insecticide, 451 
Chloroform poisoning, 450-451 
Chloroma, in leukemia, 679-680 
Chloromethyl methyl] ether, 460t—461t 
Chlorpromazine, cholestasis due to, 445 
Cholelithiasis, 425 
Cholera, 322-323 
Cholestasis, due to chlorpromazine, 445 
jaundice in, 890-891, 891 
Cholesterol, intracellular, 20 
metabolism of, 140 
Chorioretinitis, toxoplasmal, 374 
Choristoma, 216, 497 
Chromomycosis, 360 
Chromosomal defect, clinically important, 
126t 
in leukemia, 677-678 
in neoplasia, 232t 
Chromosomal disorders, 479 
Chromosome(s), 119-122 
acrocentric, 119 
banding techniques for, 119-120 
centromere, 119 
G-banding for, 120, 121 
karyotype groupings of, 119, 120t 
mapping of, 120-122 
median or metacentric, 119 
Philadelphia, 232 
rearrangements of, 124-125, 125 
ring, 124-125, 125 
sex, 120, 122 
abnormal, 123-124 
disorders of, 129-134, 131t 
Chromosome-breakage syndromes, 122 
Chrysotile, 439-440 
Churg-Strauss syndrome, 522 
Chylomicrons, 513 
Chylopericardium, 538 
Chylothorax, 538, 759 
Chylous ascites, 538 
Cigarette smoking, 442-443, 443 
bronchogenic carcinoma and, 750 
ischemic heart disease and, 508 
Ciliary dyskinesia substances, 494 
Cirrhosis, biliary, 928-930, 929-930 
cardiac, 90 
of liver, 915-934 
adult, 931 
alcoholic, 917-923 
clinical course in, 922-923 
epidemiology of, 918 
fatty liver in, 918 919 
hepatitis in, 919 
hyaline inclusions in, 28, 29, 919 
morphology of, 918-920, 919-921 
pathogenesis of, 920-922 
alpha-l-antitrypsin deficiency in, 930- 
931 
carcinomatous, 933 


Cirrhosis (Continued) 
categories for, 916 
childhood, 931 
Indian childhood, 916 
inflammatory bowel disease and. 933 
of Wilson’s disease, 932-933 
pigment, 924-928. See also Hemochroma- 
tosis. 
postnecrotic, 923-924, 923-924 
Cirsoid aneurysm, 505 
Clear cell carcinoma, 754 
Cleft palate and lip, 785, 785 
Clinical significance, definition of, 2 
Clonal deletion, 177 
Clonal senescence, 37 
Clonorchiasis, 386-387 
Clonorchis sinensis, 386-387 
carcinogenesis and, 248 
Clostridia, 324-327 
Clostridial myonecrosis, 326 
Clostridium botulinum, 325 
Clostridium difficile, 327 
Clostridium perfringens, 325-326 
cellular injury and, 10 
Clostridium tetani, 324-325 
Clot, peripheral, 289 
postmortem, thrombus vs, 99-100 
thrombus vs, 91 
ureteral, 1064 
Clotting system, 54 
Coagulation, 94-96, 96 
anticlotting mechanisms in, 95-96 
disseminated intravascular, 103, 113, 649- 
651, 650t, 651 
extrinsic pathway in, 95 
fibrinolytic system in, 96, 96 
intrinsic pathway in, 95 
Coagulation necrosis, 15, 16 
Coagulopathy, consumption, 103, 649 
Coal dust macules, 433 
Coal workers’ pneumoconiosis, 23, 23, 43]— 
435, 433-434 
Coarctation of aorta, 589, 589-590 
Cobalamin deficiency, 418-419 
Coccidioides immitis, 357 
Coccidioidomycosis, 357, 357-358 
Codominance, mendelian, 135 
Coke oven emissions, 460t—46lt 
Colchicine, microtubule disruption by, 28 
Cold sores, 285 
Colitis, granulomatous, 836, 839 
pseudomembranous, 327, 862 
ulcerative, 859-862, 860-861, 861t 
Crohn's disease vs, 836-837, 861t 
etiology and pathogenesis of, 837-838 
Collagen, 77-78, 78, 77t 
fibrillar, 93 
Collagen disease, 180 
Collagen-vascular disorders, pulmonary  in- 
volvement in, 748-749 
Collagenous scar, 72 
Colon, 854-874 
amebiasis of, 362, 362 
angiodysplasia (vascular ectasia) of, 859 
congenital anomalies of, 855-856 
diverticular disease of, 856-858, 857 
hyperplastic polyp of, 864 
idiopathic disorders of, 856-858 
inflammation of, 859-862 
ischemic injury of, 858 
lipoma of, 863, 863 
normal, 854 
pedunculated polyp of, 864-865, 864-865 


Colon (Continued) 
polyps of, 863-869 
roundworms of, 375-378 
tubular adenoma of, 864-865, 864-865 
tubulovillous adenoma of, 866 
tumors of, 862-874 
vascular lesions of, 858-859 
villous adenoma of, 865-866, 866 
Complement system, alternative pathway of, 
53 
classic pathway of, 53 
genetic deficiencies of, 210 
in inflammation, 53, 53 
Complement-mediated cytotoxicity, 166, 166 
Condyloma acuminatum, squamous cell car- 
cinoma and, 244 
Condylomata lata, 337 
Congenital deformation, 482 
Congenital heart disease, 585-592, 586t. See 
also individual types. 
Congenital malformation(s), 155, 479-482 
alcohol in, 481 
cell proliferation, migration, and differen- 
tiation and, 481 
chromosomal syndromes in, 479 
cytomegalovirus infection in, 480 
environmental influences in, 480 
etiology of, 479-481, 479t 
frequency and sex ratio in, 480, 480t 
genetic, 479-480, 479t 
heredity in susceptibility to, 481-482 
irradiation in, 481 
malformation sequence vs malformation 
syndrome in, 479 
mendelian disorders in, 479 
multifactorial inheritance in, 479-480 
of artery, 505 
pathogenesis of, 481-482 
rubella virus infection in, 480 
teratogenic drugs and chemicals in, 480— 
481 
thalidomide in, 480-481 
timing of prenatal insult in, 481 
Congestion, 88-90, 89-90 
chronic passive, 89-90 
of liver, 89-90, 90 
of lungs, 89, 89 
of spleen, 90 
morphology of, 89-90, 89-90 
Congestive heart failure, 548-551 
definition of, 548 
edema and, 86 
left-sided, 549-550 
brain in, 550 
dyspnea in, 549-550 
kidneys in, 550 
lungs in, 549-550 
orthopnea in, 550 — 
paroxysmal nocturnal dyspnea in, 550 
right-sided, 550-551 
liver in, 550, 550-551 
spleen in, 551 
subcutaneous tissue in, 551 
Conjunctivitis, inclusion, 293-294 
Connective tissue, repair and, 71-72, 71-72 
scarring with, parenchymal regeneration 
and, 73 
Connective tissue disease, 180 
mixed, 195 
Consumption coagulopathy, 103, 649 
Contusion, definition of, 459 
Coombs’ test, 489 
Copper deficiency, 423-424 


Cor bovinum, 531 
Cor pulmonale, 569, 569-570 
Cord factor, 342 
Cori'’s disease, 153t 
Coronary artery, left anterior descending, 
narrowing of, 559 
left circumflex, 559 
right, 559 
Coronary heart disease. See Ischemic heart 
disease. 
Corticosteroids, wound healing and, 80 
Corynebacterium diphtheriae, 317 
Cot death, 495-496 
Councilman body, 15, 906, 906 
Coxiella burnetii, 299 
Craniotabes, 410 
Craniopharyngioma, 1200 
CREST syndrome, 193 
Cri du chat syndrome, 127t, 129, 130 
Crib death, 495-496 
Crohn's disease, 836-841 
clinical course in, 840-841 
epidemiology of, 837 
etiology and pathogenesis of, 837-838 
histologic features of, 839, 839-840 
morphology in, 838-840, 839-840 
of ileum, 836 
skip lesions in, 839 
ulcerative colitis vs, 836-837, 861t 
Cryoglobulinemia, essential mixed, 1025 
Cryptococcoma, 356 
Cryptococcosis, 355, 355-356 
Cryptococcus neoformans, 355 
Cryptosporidium, 365, 365 
Curschmann’s spirals, 728 
Cushing’s ulcer, 813 
Cyanide poisoning, 452 
Cyanosis, 89 
in congenital heart disease, 586 
Cyclamates, 239 
Cyclooxygenase pathway, 55 
Cyst, bronchogenic, 709, 709 
dentigerous, 786, 786 
dermoid, 782, 1263 
_ epidermal, 1263 
epidermoid, 786 
fissural, 786 
follicular, 786, 1142, 1142 
Gartner's duct, 1119 
mucous, 782 
odontogenic developmental, 786 
of jaw, 785-786, 786 
ovarian, 1149-1151, 1149-1151 
pancreatic, 968 
pilar, 1263 
pulmonary, 709 
radicular, 772-773, 773 
renal, 999-1002 
Cystadenoma, 215 
papillary, 215, 215 
Cystic atrophy, senile, of endometrium, 1134 
Cystic dermoid teratoma, 215-216 
Cystic fibrosis, 493-495, 494 
Cystic hygroma, 544 
Cystic medial necrosis, 534, 535 
Cystic renal dysplasia, 999, 999-1000 
Cystic renal medulla, 1001—1002 
Cysticercosis, 384-385 
Cytogenetic disorders, 123-134 
involving autosomes, 126-129, 127t, 128 
involving sex chromosomes, 129-134, 
13lt 
terminology in, 123-124 
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Cytomegalic inclusion disease, 286-288, 287— 
288 

Cytomegalovirus infection, 480 

Cytopathic-cytoproliferative inflammation, 
277 

Cytoskeleton, abnormalities of, 28-29, 28t, 
29 
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Dandy-Walker syndrome, 1427 
Dane particles, 901 
Darier’s sign, 1271 
De Quervain’s thyroiditis, 1208, 1208-1209 
Death rattle, 88 
Decompression sickness, 106-107 
Defibrination syndrome, 103, 649 
Degeneration, cellular, 2 
Degenerative joint disease, 1349-1351, 1351 
rheumatoid arthritis vs, 1355t 
Dehydration, in renal failure, 996 
Dejerine-Sottas disease, 1432 
Deletion, 124, 125 
Delta cell, 972, 973-974 
Delta cell tumor, 988-989 
Dementia, in niacin deficiency, 416. 
transmissible agent, 1387, 1387 
Demyelinating disease, 1410-1413 
Dendritic cell, 160 
Dengue, 290 
Dens in dente, 769, 769 
Dense bodies, 94 
Dense-deposit disease, 1017, 1018 
Dental caries, 770-771, 771 
Dental plaque, 770-771, 773, 773 
Dentigerous cyst, 786, 786 
Dentin, hereditary opalescent, 770 
Dentinogenesis imperfecta, 770 
Dermatitis, eczematous, 1282-1284, 1283, 
1283t 
in niacin deficiency, 416, 416 
in riboflavin deficiency, 415 
Dermatitis herpetiformis, 1295-1297, 1296 
Dermatofibroma, 1267-1268, 1268 
Dermatofibrosarcoma protuberans, 1268 
Dermatographism, 1271 
Dermatomyositis, childhood, 193 
malignancy in, 193 
typical adult, 193 
Dermatophytes, 360 
Dermatophytosis, 1299 
Dermatosis, bullous, linear IgA, 1296 
follicular or papular, 404 
Dermis, 1260-1261. See also Skin. 
tumors of, 1267-1271 
Dermoid cyst, 782, 1263 
of ovary, 1149-1151, 1149-1151 
Dermoid teratoma, cystic, 215-216 
Desmin, 28t 
Desmoid tumor, 1312-1313 
Desmoplasia, 214 
Diabetes insipidus, 1200 
Diabetes mellitus, 972-986 
acanthosis nigricans in, 980 
adult-onset, obesity and, 425 
antireceptor antibodies in, 180 
arteriolosclerosis in, 984 
atherosclerosis in, 983, 983-984 
basement membrane thickening in, 982, 
982-983, 1023 
classification of, 975, 976t 
clinical course in, 985—986 
environmental influences in, 977 
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Diabetes mellitus (Continued) 
gestational, 975 
glomerular disease in, 1022-1025, 1023 
glucagon as comediator in, 980-981 
heredity in, 973-977 
idiopathic vs secondary, 974 
incidence of, 975 
insulin deficiency in, 974 
insulin resistance in, 980 
insulin-dependent juvenile-onset ketosis- 
prone, 973, 978-979 
ischemic heart disease and, 508 
kidneys in, 984, 1022-1025, 1023 
maternal, respiratory distress syndrome 
and, 483-484 
mechanisms of, 21-22 
microangiopathy in, 983 
morphology in, 981-985, 982-984 
neuropathy in, 984-985, 1431-1432 
non-insulin-dependent maturity-onset ke- 
tosis-resistant, 973, 979-981, 981 
obesity in, 425, 977 
oral glucose tolerance test in, 975 
pancreas in, 981-982, 982 
pancreatic autoimmunity in, 978-979 
pathogenesis of, 977-981, 981 
polyuria, polydipsia, polyphagia in, 974 
pregnancy in, 977 
retinopathy in, 984, 984 
urinary infection in, 1034 
viral origin of, 978 
wound healing and, 80 
xanthoma in, 985 
Diabetic glomerulosclerosis, 1022-1025, 1023 
Diabetic nephropathy, 984, 1022-1025, 1023 
Diabetic neuropathy, 984-985, 1431-1432 
Dialysis-associated cystic disease of kidney, 
1002 
Diapedesis, red cell, 91 
Diaphragmatic hernia, 808, 808 
Diarrhea, bacterial mechanisms of, 318 
E. coli, 318-319 
in niacin deficiency, 416 
viral, 281-282 
Diarrhea, inflammatory, 833-836 
Diet, cancer and, 426-427 
carcinoma of breast and, 427 
Diethylstilbestrol, 239 
vaginal adenocarcinoma and, 447 
DiGeorge syndrome, 207, 1250 
Dipetalonema streptocerca, 383 
Diphtheria, 317-318 
Diphtheritic peripheral neuritis, 1431 
Diphyllobothrium latum, 384 
Diploid, 123 
Dirofilaria immitis, 383 
Dirofilaria tenuis, 383 
Disaccharidase deficiency, 851 
Discoid lupus erythematosus, 
1287 
Dissecting aneurysm, 530, 532-535, 533-535 
Disseminated intravascular coagulation, 103, 
113, 649-651, 650t, 651 
Distomiasis, pulmonary, 387-388 
Diverticulum(a), gastric, 809 
Meckel’s, 830, 830 
of colon, 856-858, 857 
of duodenum, 830 
of esophagus, 802, 802 
of ileum, 830 
of jejunum, 830 
of ureter, 1063 
of urinary bladder, 1065-1067, 1067 
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DNA oncogenic virus, 244-246, 245t 
Donovan body, 339-340 
Down’s syndrome, 126-129, 127t, 128 
Doxorubicin, cardiotoxicity due to, 444 
Dracunculus medinensis, 379 
Drug addiction, 456-459, 458 
Drug reactions, adverse, genetically deter- 
mined, 136 
in G6PD deficiency, 136 
Drugs, cellular injury and, 4 
injury due to, 443-459. See also individual 
drugs. 
interaction of, 444 
liver injury and, 912-915, 914t 
overdosage of, 443 
side effects of, 443-444 
therapeutic, adverse reactions to, 443-448 
Dubin-Johnson syndrome, 896, 896 
Duchenne (pseudohypertrophic) 
dystrophy, 1309, 1309 
Duct of Santorini, aberrant, 962 
Duct of Wirsung, aberrant, 962 
Ductus arteriosus, patent, 485, 588-589 
Duodenal ulcer, 815-816 
Duodenum, diverticulum of, 830 
Dupuytren’s contracture, 1313 
Diirck’s granuloma, 368 
Dwarfism, pituitary, 1197 
Dysentery, bacillary, 321-322, 322 
Dysgerminoma, 1151 
Dysplasia, cellular, 34, 34-35 
Dyspnea, in left-sided congestive heart fail- 
ure, 549-550 
paroxysmal cardiac, 550 
paroxysmal nocturnal, 550 
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Ear, in osteogenesis imperfecta, 1321 
Eastern equine encephalitis, 1383 
Eaton agents, 300 
Ecchymosis, 91 
Eccrine spiradenoma, 1265 
Eccrine sweat glands, 1260 
Echinococcosis, 385, 385-386 
Echinococcus granulosus, 385 
Echinococcus multilocularis, 385 
Echinococcus vogeli, 385 
Eclampsia, 1155-1157 
Ectasia, vascular, 541-542 
of colon, 859 
Ecthyma, 1299 
Ectopia lentis, 137 
Ectopic pregnancy, 1158, 1158 
Eczema herpeticum, 285 
Eczematous dermatitis, 
1283t 

in niacin deficiency, 416, 416 

in riboflavin deficiency, 415 
Edema, 41, 85-88 

cellular, 6, 6 

cerebral, 1375-1376 

cirrhosis of liver and, 86-87 

clinical significance of, 88 

congestive heart failure and, 86 

dependent, 87 

hypovolemia in, 86 

idiopathic cyclic, 87 

impaired venous drainage in, 87 

in cardiac failure, 87 

in renal failure, 996 

increased hydrostatic pressure in, 85-86 

increased osmotic pressure in, 86 


1282-1284, 1283, 


Edema (Continued) 
increased vascular permeability in, 87 
inflammatory vs noninflammatory, 85 
localized, clinical derangements causing, 87 
lymphatic obstruction in, 86, 87 
mechanism of, 43-46, 44-45 
morphology of, 87-88, 88 
of brain, 87-88 
of renal origin, 87 
pathogenesis of, 85-87, 86t 
pitting, 87, 88 
primary causes of, 85, 86t 
pulmonary, 88, 88, 710-711, 711 
reduced oncotic pressure in, 86 
renal disease and, 86 
systemic, clinical derangements causing, 
86-87 
Edwards’ syndrome, 127t, 129 
Effusion, pericardial, 85, 602 
pleural, 757 
noninflammatory, 758-759 
Ehlers-Danlos syndrome, 155, 156t, 1323 
hemorrhage in, 643 
Elastic fibers, 78—79 
Elastic microfibril, 78-79 
Elastin, 78-79 
Electrical injuries, 463-464 
Electrophilic reactant, 238 
Elephantiasis, 87, 381, 382 
Embolism, 103-112 
air or gas, 106-107 
amniotic, 104 
definition of, 91 
fat, 107-108 
in stroke, 1394~1395 
paradoxical, 104 
pulmonary, 104-106, 105, 447, 447, 711- 
113: 712 
saddle, 104, 105, 712, 712 
systemic, 106 
Embryonal carcinoma, of testis, 1094, 1094 
Emphysema, 717-725 
bullous, 724, 724 
centriacinar (centrilobular), 718, 718-719 
chronic bronchitis vs, 717, 718t 
clinical course of, 723 
compensatory, 710, 723-724 
definition of, 717 
incidence of, 718—721 
interstitial, 724-725 
irregular, 718, 721 
morphology in, 722-723 
obstructive overinflation in, 724 
panacinar (panlobular), 718, 720 
paraseptal (distal acinar), 718, 721 
pathogenesis of, 721-722, 722 
protease-antiprotease hypothesis of, 721- 
722, 722 
senile, 724 
types of, 717-718, 718-720 
Empty sella syndrome, 1198-1199, 1199 
Empyema, 735 
of gallbladder, 948 
of sinus, 764 
subdural, 1380 
tuberculous, 345 
Enamel, tooth, hypoplasia of, 769-770, 770 
Encephalitis, 1380-1388 
arthropod-borne, 1383 
bacterial, 1380-1382 
Candida albicans in, 1388 
eastern equine, 1383 
fungal infections in, 1388 


Encephalitis (Continued) 
herpes simplex, 1383-1384 
slow virus diseases in, 1385-1386 
toxoplasmal, 374 
tuberculous, 1380-1381 
unconventional (spongiform), 1386-1388 
viral, 1382, 1382-1385 
Encephalomyelitis, acute disseminated, 
1412-1413, 1413 
perivenous, 1412-1413 
postinfectious and postvaccinal, 1412-1413, 
1413 
Encephalomyelopathy, subacute necrotizing, 
1423-1424 
Encephalopathy, hepatic, 893-894, 1422- 
1423 
in portal hypertension, 917 
hypertensive, 1395 
ischemic, 1389 
lead, 454, 455 
metabolic, 1422-1423 
portal-systemic, 893-894 
Wernicke’s, 1420, 1421 
Encephalotrigeminal angiomatosis, 541 
Enchondroma, 1341 
Enchondromatosis, 1323 
Endarteritis, obliterative, 529 
Endocardial fibroelastosis, 599-601, 600, 
600t 
Endocarditis, candida, 353 
infective, 580-584, 582-583 
acute vs subacute, 580 
clinical course in, 583-584 
epidemiology and etiology in, 580-581 
glomerular disease in, 1022 
morphology of, 581-583, 582-583 
organisms in, 580-581 
pathogenesis of, 581 
valvular involvement in, 582, 583 
vegetative, 99 
Libman-Sacks, lupus erythematosus and, 
187, 187 
Loeffler’s, 599 
marantic, 257, 257, 584-585, 585 
nonbacterial thrombotic, 257, 257, 584— 
585, 585 
nonbacterial verrucous, 585 
lupus erythematosus and, 187, 187 
Endocervical hyperplasia, microglandular, 
1129 
Endochondral ossification, 409 
Endocrine cell tumor, of appendix, 844 
of colon, 874 
of small intestine, 842-844, 842-845, 843t 
of stomach, 825-826 
Endocrine gland, gastric, 807 
in hemochromatosis, 927 
Endocrine system, 1192-1256. See also indi- 
vidual parts. 
anemia and, 640-641 
multiple neoplasia syndrome of, 988, 988t 
Endocrinopathy, paraneoplastic, 256-257, 
256t, 257 
Endocytosis, 26 
reverse, ol 
Endodermal sinus (yolk sac) tumor, of ovary, 
1151 
Endometriosis, of uterus, 1180-1132, 1132 
Endometritis, 1130, 1130 
Endometrium, adenocarcinoma of, 224 
carcinoma of, 1137-1139, 1139 
histology of, 1110-1118, 111J-—1112 
hyperplasia of, 32-33, 1133-1134, 1134 


Endometrium (Continued) 
leiomyosarcoma of, 1140, 1140 
mixed mesodermal tumor of, 1140 
oral contraceptives and, 1134-1135 
polyp of, 1135-1136, 1136 
sarcoma of, 1139-1140, 1140 
senile cystic atrophy of, 1134 
stromal tumors of, 1140 
Endometrioid tumor, of ovary, 1146 
Endomyocardial fibrosis, 599 
Endoplasmic reticulum, cellular injury and, 
12, 13 
smooth, hypertrophy of, 27, 27 
Endostreptosin, 1008 
Endothelial cell, in thrombosis, 92, 92t, 96— 
97, 97 
Endothelium, continuous, 43 
discontinuous or open, 43 
fenestrated, 43 
vascular, 70, 503-505, 504, 504t 
Endotoxic shock, 113 
Entactin, 993 
Entamoeba histolytica, 362, 362-363 
Enteritis, campylobacter, 323 
E. coli, 318-319 
regional, 836-841. See also Crohn's dis- 
ease. 
viral, 281-282 
Yersinia, 323-324 . 
Enterobacter aerogenes, 311 
Enterobacter infection, 311-312 
Enterobiasis, 376, 377 
Enterobius vermicularis, 376, 377 
Enterochromaffin cells, 807 
Enterocolitis, bacterial, 834-835, 834t, 835 
infective, 833-836 
organisms in, 833-834, 834t 
necrotizing, in respiratory distress syn- 
drome, 485 
Enteropathogenic bacteria, 318-324 
Enteropathy, gluten-sensitive, 847-848, 849 
Environmental pathology, 430-473. See also 
individual pollutants. 
Eosinophil chemotactic factor of anaphylaxis, 
49, 165 
Eosinophilia, inflammation and, 63, 69 
pulmonary, 748 
Eosinophilic gastritis, 813 
Eosinophilic granuloma, 695-696, 696 
Eosinophilic leukocytosis, 655 
Ependyma, 1374 
Ependymoma, 1404-1405, 1405 
Ephelis, 1273 
Epidermal cyst, 1263 
Epidermal-epithelial viral disease, 282-283, 
282-284 
Epidermal growth factor (EGF), 76 
Epidermal inclusion cyst, 1263 
Epidermis. See also Skin. 
structure of, 1257-1259, 1258-1259 
tumor of, 1262-1267 
Epidermodysplasia verruciformis, 244 
Epidermoid carcinoma, of oral mucosa, 783- 
784, 784 
Epidermoid cyst, 786 
Epidermoid growth factor (EGF), 75-76 
Epididymis, 1086 
Epididymitis, 1088, 1088-1089 
Epidural hematoma, 1396-1397, 1397 
Epilepsy, progressive familial myoclonic, 
1417 
Epiloia, 1428 
Epispadias, 1082 
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Epithelial hyperplasia, of breast, 1173-1174, 
1174 
Epithelial tumor, of urinary bladder, 1070- 
1076, 1070t 
Epitheliated granuloma, 772 
Epithelioid hemangioendothelioma, 542 
Epithelioma of Malherbe, calcifying, 1264 
Epithelium, dysplastic, 34, 34 
metaplasia of, in vitamin A deficiency, 404, 
404 
Epstein-Barr virus, Burkitt's lymphoma and, 
245 
rheumatoid arthritis and, 1353 
Epulis, 782 
Erdheim’s mucoid degeneration, 534 
Erysipelas, 307, 307 
Erythema chronicum migrans, 334 
Erythema induratum, 1288--1289 
Erythema marginatum, 574 
Erythema multiforme, 1284-1285, 1285 
oral mucosa in, 780, 782 
Erythema nodosum, 1288-1289 
Erythema nodosum leprosum, 347 
Erythremia, 641-642 
Erythroblastosis fetalis, 486-490, 488-489 
Erythroleukemia, 679 
Erythroplasia of Queyrat, of penis, 1085 
Escherichia coli, infection with, 311, 318-319 
Esophagitis, 801-802 
monilial, 801 
Esophagomalacia, 802 
Esophagus, 797-806 
achalasia of, 798-799 
atresia and fistula of, 798 
Barrett's, 801-802 
carcinoma of, 804-806, 805 
congenital anomalies of, 798 
diverticula of, 802, 802 
functions of, 797 
inflammation of, 801-802 
lacerations -of, 800, 800-801 
leopard-spotting of, 802 
lower sphincter of, 797 
motor dysfunction of, 798-801 
normal, 797 
rings and webs of, 799 
Schatzki’s rings of, 799 
scleroderma and, 191-192, 192 
stenosis of, 798 
systemic sclerosis (scleroderma) of, 802 
tumors of, 803-806 
varices of, 802-803, 803-804 
in cirrhosis, 917, 917 
vascular lesions of, 802-803, 803-804 
Espundia, 372 
Esthiomene, 295 
Estrogen, adverse effects of, 446-448 
Etat marbre, 1426 
Ethyl alcohol, adverse effects of, 448-449 
Etiology (cause), definition of, 1 
Euploid, 123 
Ewing's sarcoma, 1343-1345, 1344 
Exocrine glands, in cystic fibrosis, 493-494 
Exostosis, hereditary multiple, 1321-1323, 
1322 
Exostosis cartilaginea, 1341 
Exstrophy, of urinary bladder, 1067 
Exuberant granulation, 74 
Exudate, 41, 85 
Exudation, 41 
Exudative inflammation, 277 
Eye, in diabetes mellitus, 984, 984 
in hyperthyroidism, 1203, 1203 
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Eye (Continued) 
in osteogenesis imperfecta, 1321 
in riboflavin deficiency, 415 
in vitamin A deficiency, 404 
Eye worm, 383 
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Fabry’s disease, 152-154 
Facies, leonine, 348 
Factor VIII complex deficiency, 647-649 
Factor IX deficiency, 649 
Fallopian tube, 1141 
histology of, 1110 
inflammation of, 1141, 1141 
tumors of, 1141 
Familial hypercholesterolemia, 139-141, 140 
Familial polyposis, 867-868, 868 
Familial Mediterranean fever, 199 
Fanconi syndrome, hypophosphatemia in, 
408 
Fanconis anemia, 639 
Farmer's lung, 744 
Fasciitis, nodular (pseudosarcomatous), 1313— 
1314, 1314 
Fasciola gigantica, 386 
Fasciola hepatica, 386 
Fascioliasis, 386 
Fasciolopsiasis, 387 
Fasciolopsis buski, 387 
Fat, metabolism of, 18 
Fat embolism, 107—108 
chemical theory of, 107 
coagulopathy theory of, 107 
emulsion instability-stress theory of, 107 
in brain, 107 
mechanical theory of, 107 
morphology of, 107-108 
pathogenesis of, 107 
Fat necrosis, enzymatic, 15-17, 16 
of breast, 1168, 1169 
Fatty change, 18-21, 19-21 
in heart, 19-20, 20 
in liver, 18-19, 19, 918, 919 
Fatty ingrowth, 20, 21 
pancreatic, 21, 21, 962 
Fatty streak, 512, 512 
Febrile nodular panniculitis, 1288-1289 
Felon, 305 
Felty’s syndrome, 1355 
Female genital tract, 1109-1164. See also 
individual parts. 
embryology of, 1109 
histology of, 1109-1110 
measurements of, 1109 
Female pseudohermaphroditism, 133-134 
Ferritin, 24, 25 
metabolism of, 636-637 
Ferruginous body, 438, 438 
Fetal alcohol syndrome, 481 
Fetal antigen, 234 
Fetal maturity, birth weight for determina- 
tion of, 474-478 
Fetal tumor-associated antigen, 268 
Fetor hepaticus, 893 
Fever, familial Mediterranean, 199 
hemorrhagic, 290 
inHammation and, 68-69 
Q, 299-300 
relapsing, 333-334 
Fever blisters, 285 
Fibrillar collagen, 93 
Fibrin, 76-77 


Fibrinoid necrosis, 169, 169 
Fibrinolytic system, 54, 96, 96 
Fibrinopeptides, 54 
Fibrinous inflammation, 65-66, 66 
Fibroadenoma, of breast, 223, 1175-1177, 
1176 
Fibroblast, chronic inflammation and, 62 
smooth muscle features of, 72 
Fibroblast growth factor, 76 
Fibrocystic disease, of breast, 1169-1175 
Fibroelastosis, endocardial, 599-601, 600, 
600t 
Fibroepithelial polyp, 1263 
Fibroma, 269, 269-270 
nonossifying, 1334-1335 
of ovary, 1153, 1153 
renal, 1054 
Fibromatosis, aggressive, 1312-1313 
musculoaponeurotic, 1313 
palmar, 1313 
pseudosarcomatous, 1313 
retroperitoneal, 1064 
Fibromuscular dysplasia, of renal artery, 
1047, 1048 
Fibromyxoid chondroma, 1341 
Fibronectin, 79, 93, 235, 993 
Fibrosarcoma, 269, 269-270 
Fibrosis, breast, 1170, 1170 
endomyocardial, 599 
hepatic, 1001 
Hodgkin’s disease and, 671, 672 
myocardial, 71, 71 
nodular subepidermal, 1267-1268, 1268 
pipe-stem, 389, 389 
pulmonary, coal workers’, 431-435, 433- 
434 
diffuse idiopathic, 747-748, 748 
Fibrous cortical defect, 1334-1335 
Fibrous dysplasia, 1333-1334, 1335 
of jaw, 788 
Fibrous histiocytoma, 1267-1268, 1268 
malignant, of joints, 18364-1365, 1365 
Fibrous xanthoma, 1267-1268, 1268 
Fiedler’s myocarditis, 595-596 
Filament, cytoskeletal, 28-29, 28t, 29 
Filariasis, 87, 381-383, 382-383 
lymphatic, 381-382, 382 
tropical, 381-383, 382-383 
zoonotic, 383 
Fingers, clubbing of, 1333 
Fissural cyst, 786 
Fistula, arteriovenous, 505 
esophagus, 798 
urinary bladder, 1078 
vesicoenteric, 1078 
vesicorectal, 1078 
vesicouterine, 1078 
vesicovaginal, 1078 
Fitz-Hugh-Curtis syndrome, 310 
Flag sign, 401, 401 
Flame cell, 370 
Fluid and hemodynamic derangements, 85- 
117. See also individual derangements, 
e.g., Edema; Shock. 
Flukes, 385-390 
Foam cells, 20, 1026 
Folate deficiency, 634-635, 635 
Folic acid deficiency, 417-418 
Follicular carcinoma, of thyroid, 1221-1222, 
122]—1222 
Follicular cyst, 786, 1142, 1142 
Follicular hyperkeratosis, 404 
Follicular hyperplasia, 656, 657 


Follicular keratosis, inverted, 1262 
Fonsecaea pedrosoi, 360 
Food poisoning, salmonella, 321 
staphylococcal, 305 
Foot, Madura, 359 
trench or immersion, 461 
Foot process disease, 1014 
Foreign bodies, wound healing and, 80-81 
Foreign body—type giant cell, 64-65, 65 
Fracture, healing of, 1325-1327, 1326 
skull, 1396 
Fragile X syndrome, 154, 154 
Fragilitas ossium, 1320-1321 
Francisella tularensis, 329-330 
Freckles, 1273 
Free radical formation, 10-13, 1]-12, 12t 
aging and, 13 
antioxidant reactions in, 11 
carbon tetrachloride injury and, 12, 12, 12t 
definition of, 10 
inflammation and, 13 
initiation in, 10 
ionizing radiation in, 10 
irradiation injury by, 13 
lipid peroxidation and, 11, 11 
microbial killing and, 13 
oxygen derived, 56-57 
oxygen toxicity and, 13 
pathologic consequences of, 11-12, 11-12, 
13t 
propagation in, 10-11 
redox reactions in, 10 
superoxide dismutase and, 11 
termination in, 11 
Freezing, 460-462 
Friedlander’s bacillus, 311 
Friedreich’s ataxia, 1419 
Frostbite, 461 
Functional derangements, 2 
Fungal disease, 351-360, 352t 
deep, 352-360 
encephalitic, 1388 
in gastroenterocolitis, 836 
of skin, 1299-1300 
superficial, 360 
Fungus balls, 355 
Furuncle, 304-305 


G6PD, 51 

G6PD deficiency, 617-618 
adverse drug reactions in, 136 
transmission of, 152 

Gaisbéck’s syndrome, 641 

Galactocele, 1168-1169 

Galactocerebroside lipidosis, 1424-1425 

Galactosemia, 491-493, 492 

Gallbladder, 942-955 
adenocarcinoma of, 953, 954 
adenoma of, 951-952 
adenomyoma of, 952 
carcinoma of, 952-954, 953-954 
cholelithiasis of, 944-947, 945t, 946 
cholesterolosis of, 950, 951 
cirrhosis of, 928-930, 929-930 
congenital anomalies of, 944 
empyema of, 948 
functions of, 943~944 
heroin addiction and, 458 
hydrops of, 947, 951, 952 
mucocele of, 947, 951, 952 
normal, 942-944, 943 


Gallbladder (Continued) 
papilloma of, 951-952 
porcelain, 948 
strawberry, 950, 951 
tumor of, 951-955 
Gallstone, 944—947, 945t, 946 
cholesterol, 946, 946 
mixed, 946, 946 
pigment, 946, 946 
Gallstone ileus, 947 
Gamma-chain disease, 693 
Gandy-Gamna body, in sickle cell disease, 
620 
Gandy-Gamna nodule, 701 
Ganglioglioma, 1406 
Ganglion, 1367 
Ganglioneuroma, 1406 
of adrenal medulla, 1247-1248 
Gangrene, dry, 17 
gas, 326, 326 
wet, 17 
Gangrenous cholecystitis, 948 
Gangrenous necrosis, 17, 17 
Gardner's syndrome, 868 
Garré’s sclerosing osteomyelitis, 1324 
Gartner's duct cysts, 1119 
Gas embolism, 106—107 
Gas gangrene, 326, 326 
Gastric. See also Stomach. 
Gastric acid, secretion of, 807 
Gastric carcinoma, 821-825. See also Stom- 
ach, carcinoma of. 
Gastric dilatation, 809 
Gastric diverticula, 809 
Gastric erosion and ulceration, acute, 813— 
814, 814 
Gastric gland, cellular structure of, 807 
Gastric mucosal barrier, 808 
Gastric polypoid adenoma, 820-821 
Gastric rupture, 809 
Gastric ulcer, 816-817 
Gastrinoma, 987-988 
Gastritis, 809-813 
acute, 809-810 
acute hemorrhagic erosive, 810 
antral, 811 
atrophic, iron deficiency and, 422, 423 
chronic, 810-812, 811 
chronic atrophic, 811 
chronic superficial, 811, 811 
eosinophilic, 813 
fundal, 810-811 
granulomatous, 813 
hypertrophic, 812, 812-813 
Gastroenterocolitis, fungi in, 836 
nonbacterial, 835-836 
protozoa in, 836 
viral, 835-836 
Gastroenteropathy, acute hemorrhagic, 832 
Gastrointestinal mucormycosis, 354 
Gastrointestinal tract, 797-883. See also in- 
dividual anatomic parts. 
amyloidosis and, 205 
lead poisoning and, 455, 445 
radiation injury to, 469 
renal failure and, 997 
shock and, 115 
viral disease of, 281-282 
Gastropathy, hypersecretory, 813 
Gaucher cells, 147, 147 
Gaucher's disease, 146-150, 147 
Gelatinous lesion, 513 
Gelsolin, 49 


Genetic disorders, 118-157. See also individ- 
ual disorders. 
congenital, 479-480, 479t 
Genetic engineering, 118 
Genetic heterogeneity, 135 
Genetic mutations, in childhood cancers, 
498—499 
Genetics, biochemical, 119 
Genital system, female, 1109-1164. See also 
individual parts. 
male, 1081-1108. See also individual parts. 
Germ cell tumor, of ovary, 1149-1152 
of testis, 1090-1097 
German measles, 283 
Gestational age, birth weight in determina- 
tion of, 474-478 
Gestational trophoblastic neoplasms, 1158- 
1162 
Ghon complex, 344 
Ghon focus, 343 
Giant cell, Langhans’, 64, 63-64 
Giant cell aortitis, 524 
Giant cell arteritis, 524-525, 525 
of aorta, 526 
Giant cell carcinoma, 754 
of thyroid, 1224 
Giant cell granuloma, of gingiva, 782, 783 
reparative, 1345 
Giant cell myocarditis, 595, 595-596 
Giant cell tumor, of bone, 1345—1347, 1346— 
1347 
of jaw, 788 
of tendon sheaths, 1365 
Giardia lamblia, 364 
Giardiasis, 364 
Gigantism, 1196 
Gilbert’s syndrome, 894-896 


_ Gingiva, abscess of, 772, 772 


giant cell granuloma of, 782, 783 
in Addison's disease, 784, 785 
pregnancy tumor of, 774 
Gingivitis, 773, 773-774 
acute necrotizing ulcerative, 775, 775-776 
necrotizing, 775, 775-776 
vitamin C deficiency and, 421 
Glanders, 331-332 
Glia] filament, 28t 
Glioblastoma multiforme, 1402-1403, 1403 
Gliomatosig, 1402 
Gliosis, 1373 
Globoid cell leukodystrophy, 1424-1425 
Globus hystericus, 798 
Glomangioma, 540-541 
Glomerular disease, 1002-1027 
alternate complement pathway activation 
in, 1006 
anti-glomerular basement membrane _ne- 
phritis in, 1004, 1004 
cell-mediated immunity in, 1006 
circulating immune complex nephritis in, 
1005-1006 
classification of, 1002t 
coagulation system in, 1006 
complement-neutrophil-mediated mecha- 
nism in, 1006 
Heyman antigen in, 1005 
histologic alterations in, 1003 
hyperfiltration and progressive injury in, 
1007, 1007 
in amyloidosis, 1026 
in bacterial endocarditis, 1022 
in chronic pyelonephritis and reflux ne- 
phropathy, 1025-1026 
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Glomerular disease (Continued) 
in diabetes mellitus, 1022-1025, 1023 
in essential mixed cryoglobulinemia, 1026 
in Henoch-Schénlein purpura, 1022 
in multiple myeloma, 1026 
in situ antibody-mediated injury in, 1004, 
1004-1005 
in systemic lupus erythematosus, 1021-— 
1022 
loss of glomerular polyanion in, 1007 
monocyte/macrophage mechanism in, 1006 
pathogenesis of, 1003-1007, 1003t 
syndromes of, 1003t 
systemic disease causing, 1020-1026 
Glomerulonephritis, 1007-1020 
acute, 1007-1019 
chronic, 1019-1020, 1020 
diffuse proliferative, 184, 185 
focal embolic, 1022 
focal proliferative, 1018-1019, 1019 
in systemic lupus erythematosus, 184, 185, 
1021-1022 
membranoproliferative, 1016-1018, 1017- 
1018 
membranous, 169, 
1012-1014, 1013 
mesangiocapillary, 1016 
poststreptococcal, 1007-1009, 1008-1009 
proliferative, 1007-1009, 1008-1009 
rapidly progressive, 1009-1011, 1009t 
crescent formation in, 1010, 1011 
idiopathic, 1010, 1011 
postinfectious, 1009 
summary of major primary, 1021t 
Glomerulosclerosis, diabetic, 1022—1025, 
1023 
diffuse, 1023, 1023 
fibrin cap and capsular drop in, 1024 
focal segmental, 1015-1016, 1015-1016, 
1035 
intercapillary, 1023 
nodular, 1023, 1023-1024 
obliterative, 1023 
Glomerulus, anatomic structure of, 992-993, 
992-993 
biochemical components of, 993 
filtration by, 993 
lupus erythematosus and, 184, 184 
mesangium of, 992, 993-994 
normal, 992~—994, 993 
Glomus tumor, 540-541 
Glossitis, atrophic, in pernicious anemia, 633, 
784, 785 
in riboflavin deficiency, 415, 415 
Glucagon, in diabetes mellitus, 980-981 
Glucagonoma, 988-989 
Glucocerebrosidase deficiency, 146-150 
Glucose intolerance, 975, 976t 
Glucose-6-phosphate dehydrogenase, 51 
Glucose-6-phosphate dehydrogenase defi- 
ciency, 136, 152, 617-618 
Glucuronidase deficiency disease, 149t 
Gluten-sensitive enteropathy, 847-848, 849 
Glycogen, fixatives for, 21 
intracellular, 21-22, 22 
kidney cell vacuolation by, 22 
liver cell accumulation of, 22 
metabolism of, 151, 151 
Glycogen storage disease, 22, 150-152, 151, 
153t 
Glycogenoses, 22 
Glycolysis, aerobic, 234 
Gnathostoma spinigerum, 379 
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Goblet cells, 828 
Goiter, 1212-1215, 1213-1214 
adenomatous, 1214 
colloid, 1212 
diffuse nontoxic (simple), 1212-1213, 1213 
endemic, 1212 
intrathoracic or plunging, 1214 
multinodular, 1213-1215, 1214 
nonendemic or sporadic simple, 1212-1213 
Gonadal dysgenesis, 131t, 132-133 
Gonadoblastoma, of ovary, 1154 
Gonads, radiation injury to, 468-469 
Gonococcal infection, 309-310 
Gonorrhea, 310 
testicular involvement in, 1089 
Goodpasture’s syndrome, 745, 
1010, 1010-1011 
Gout, 13856-1361 
acute arthritis in, 1359 
chronic arthritis in, 1359, 1360 
classification of, 1356, 1356t 
clinical correlation in, 1360-1361 
HGPRT deficiency in, 1358 
incidence of, 1356-1357 
increased PRPP synthetase activity in, 13858 
morphology in, 1359-1360, 1360-1361 
pathogenesis of, 1857-1359 
primary, 1356 
reduced uric acid secretion in, 1358-1359 
secondary, 1356 
tophus in, 1359-1360, 1361 
uric acid overproduction in, 1357-1358 
uric acid stones in, 1360 
Gouty nephropathy, 1038 
Graft-versus-host disease, 
1288 
Gram-negative bacteremia, 31] 
Gram-negative infection, anaerobic, 314-315 
Gram-negative rods, 310-315, 312 
Granular cell myoblastoma, 1316 
Granular cell tumor, 1316, 1316-1317 
Granulation, exuberant, 74 
Granulation tissue, histologic features of, 71, 
12 
Granulocytopenia, 654-655, 655 
Granuloma, 64-65, 64-65 
caseating, 341 
Diirck’s, 368 
eosinophilic, 695-696, 696 
epitheliated, 772 
giant cell, 1345 
of gingiva, 782, 783 
Majocchi’s, 1299, 1300 
malarial, 368 
of breast, 1169 
periapical, 772 
pyogenic, 782, 1268-1269 
Granuloma gravidarum, 540 
Granuloma inguinale, 339, 339-340 
Granuloma pyogenicum, 540 
Granulomatosis, beryllium, 441, 441 
Langerhans’ cell, 694 
lymphomatoid, 524 
Wegener's, 523-524, 523-524 
Granulomatous colitis, 836, 839 
Granulomatous disease of childhood, chronic, 
50, 51 
Granulomatous gastritis, 813 
Granulomatous histoplasmosis, 359 
Granulomatous inflammation, 60t, 64-65, 64— 
65, 277 
Granulomatous thyroiditis, subacute, 1208, 
1208-1209 
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745-746, 


175-176, 1287, 


Granulosa-theca cell tumor, 1152-1153, 
1152-1153 
Graves’ disease, 1210-1212, 121] 
antireceptor antibodies in, 180 
Growth factor, 75-77 
epidermal (EGF), 76 
platelet-derived (PDGF), 76 
wound healing and, 76-77 
Growth hormone, excessive, 1196, 1196 
Guarneri bodies, 283 
Guinea worm infection, 379 
Gumboil, 772, 772 
Gumma, syphilitic, 337, 337 
Gummatous aortitis, 529 
Guttate parapsoriasis, 1293 
Gynecomastia, 1189, 1189 


H,O; production, impaired, 51 
H,O,-myeloperoxidase-halide system, 50 
Haber-Weiss reaction, 11 
Hageman factor, 54, 54 
Hairy cell leukemia, 685 
Hallervorden-Spatz disease, 1416-1417 
Halo nevus, 1277, 1277-1278 
Halothane, liver toxicity of, 913 
Hamartoma, 216 
of infant and child, 497 
of kidney, 1054 
of lung, 756 
Hamman-Rich syndrome, 747-748, 748 
Hand-Schiiller-Christian disease, 696 
Hansen's disease, 347 
Haploid, 123 
Hartnup disease, pellagra and, 415-416 
Hashimoto's thyroiditis, 1206, 1206-1208 
Hassall’s corpuscles, 1249, 1249 
Haverhill fever, 334 
Heart, 547-609 
amyloidosis and, 203, 204 
anatomy of, 547-548 
blood supply to, 548 
carcinoid disease of, 579-580 
congenital disease of, 585-592, 586t. See 
also individual types. 
congestive failure of, 548-551] 
failure, edema in, 87 
fatty change in, 19-20, 20 
fatty ingrowth of, 20, 21 
hypertensive disease of, 566-569, 568 
hypertrophy of, 31, 31 
in hemochromatosis, 927 
in hyperthyroidism, 1203 
in lupus erythematosus, 187, 187 
in myocardial infarction. See Myocardial 
infarction. 
in myxedema, 1206-1207 
in pheochromocytoma of, 1245-1247 
in shock, 115, 115 
in toxemia of pregnancy, 1156 
ischemic disease of, 425, 551-567. See also 
Ischemic heart disease. 
leukemia infiltrates in. 683, 684 
malpositions of, 592 
myxoma of, 605-606, 605-606 
normal, 547-548 
primary sarcoma of, 606 
pulmonary disease of, 569, 569-570 
rhabdomyoma of, 606 
rheumatoid disease of, 605 
thiamine deficiency and, 413 


Heart (Continued) 
tumors of, 605-606, 606 
valvular disease of, 570-585. See also in- 
dividual types. 
Heart failure cell, 89 
Heart muscle disease, 601-602, 601t 
Heart valves, anatomy of, 547-548 
Heat stroke, 463 
Heavy-chain disease, 693-694 
Heberden’s nodes, 1350 
Heliotrope rash, 194 
Helminthic disease, 374-383 
Hemangioendothelioma, 542 
epithelioid, 542 
Hemangioma, 539-540, 539-540, 1268-1269, 
1269 
capillary, 539, 539-540, 1268-1269, 1269 
cavernous, 540, 540, 1269, 1269 
granulation tissue-type, 540 
of infant and child, 497 
sclerosing, 1267-1268, 1268 
senile (cherry), 1269 
Hemangiopericytoma, 543 
Hemangiosarcoma, 542-543, 543 
Hematin, 25 
Hematocele, 1099 
Hematocolpos, 1113 
Hematoma, 90, 91 
dissecting, 532-535, 533-535 
epidural, 1396-1397, 1397 
subdural, 1397-1398, 1398 
Hematometra, 1113 
Hematopoiesis, 610-613, 611 
Hematopoietic cell transplantation, 175-176 
Hematopoietic system, in renal failure, 997 
radiation injury to, 468 
Hematosalpinx, 1113 
Hematoxylin body, 181, 182 
Hemochromatosis, 25, 924-928 
causes of, 925 
clinical course in, 927-928 
idiopathic, 925-926 
morphology in, 926-927, 927 
pathogenesis of, 925-927 
secondary, 926 
Hemoglobin H disease, 627 
Hemoglobinuria, paroxysmal cold, 629 
paroxysmal nocturnal, 627-628, 628 
Hemoglobinuric nephrosis, 1027 
Hemolytic anemia, 614-630. See also Ane- 
mia, hemolytic. 
Hemolytic disease of newborn, 486—490, 488- 
489 
Hemolytic uremic syndrome, of adults, 1049 
of childhood, 1048-1049 
Hemopericardium, 90, 602, 602 
Hemoperitoneum, 90 
Hemophilia, 648 
Hemophilus aphrophilus, 315-316 
Hemophilus influenzae, 315-316 
Hemophilus parainfluenzae, 315-316 
Hemorrhage, 90-91, 91 
anemia due to, 614 
cerebral, 90, 91, 13892, 1392 
in Henoch-Schénlein purpura, 643 
intracranial, 1391-1394, 1392-~1393 
at birth, 478 
intraventricular, in respiratory distress syn- 
drome, 485 
pulmonary, 711-713 
subarachnoid, 1393, 1393-1394 
Hemorrhagic diathesis, 412 
clotting factor abnormalities in, 647-649 


Hemorrhagic diathesis (Continued) 
defective platelet function in, 646-647 
thrombocytopenia in, 643-646 
vascular fragility in, 643 

Hemorrhagic fever, 290 

Hemorrhagic gastroenteropathy, 832 

Hemorrhagic leukoencephalitis, acute necro- 

tizing, 1413 

Hemorrhagic pancreatitis, 963-966, 964-966 

Hemorrhagic pleuritis, 758 

Hemorrhagic telangiectasia, hereditary, 542 

Hemorrhoid, 858, 858-859 

Hemosiderin, 24-25, 25 

Hemosiderinuria, 615 

Hemosiderosis, 25, 925 
idiopathic pulmonary, 746 

Hemostasis, normal, 91—92 
platelet in, 93, 93-94, 95 
vascular wall in, 92-93, 92t 

Hemothorax, 90, 759 

Hemozoin, 367 

Henoch-Schénlein purpura, glomerular dis- 

ease in, 1022 
hemorrhage in, 643 

Hepar lobatum, 337, 933, 934 

Hepatic. See also Liver. 

Hepatic coma, 893-894 

Hepatic dysfunction, constitutional, 894 

Hepatic encephalopathy, 893-894, 1422-1423 
in portal hypertension, 917 

Hepatic failure, 892-894 

Hepatic fibrosis, congenital, 1001 

Hepatic vein thrombosis, 899 

Hepatitis, 899-909 
acute viral, 905—907, 906 
alcoholic, 918, 919-920, 919-920 
antigens in, 901-902 
carrier state in, 904-905 
cholestatic or cholangiolitic viral, 905 
chronic, 907-909, 908-909 
chronic active, 907-909, 908-909 
chronic persistent, 907 
delta, 903-904 
fulminant, 909-910, 910-911 
lupoid, 908 
neonatal, 940, 940t 
non-A, non-B, 903 
transmission of, 902-903 
type A, 900, 901 
type B, 900-903, 901-902 
viral, 282 

Hepatoblastoma, 938-939 

Hepatocellular carcinoma, 935-938, 937 

Hepatocerebral degeneration, 1423 

Hepatolenticular degeneration, 932-933 

Hepatoma, 216 

Hepatorenal syndrome, 893 

Hermaphroditism, 133-134 

Hernia, diaphragmatic, 808, 808 
hiatal, 799-800 
of small intestine, 852, 852 
rolling, 800 
sliding, 800 

Heroin, 457-459, 458 

Herpangina, 776 

Herpes genitalis infection, 284-285 

Herpes keratoconjunctivitis, 285 

Herpes labialis, 776 

Herpes simplex encephalitis, 1383-1384 

Herpes simplex infection, 284, 284-285 
of vagina, 1120 
of vulva, 1115 

Herpes simplex virus, cervical carcinoma and, 

1124-1125 


Herpes zoster, 285-286, 1384 
oral, 776, 776 
Herpesvirus, oncogenic, 245, 245t 
Herpesvirus disease, 284-290 
Herpetic stomatitis, 776, 776 
Hers’ disease, 153t 
Heterolysis, 15 
Heterophagocytosis, 26 
Heterophagy, 26, 26 
Heteropinocytosis, 26 
Hexosaminidase A deficiency, 142-145 
Heyman antigen, 1005 
Hiatal hernia, 799-800 
Hidradenoma, papillary, of vulva, 1117-1118 
Hilus cell tumor, of ovary, 1154 
Hirano body, 1415 
Hirschsprung’s disease, 855, 855-856 
Histamine, anaphylaxis and, 165 
inflammation and, 52 
Histiocyte, 59 
cardiac, 572 
identification techniques for, 666t 
Histiocytic medullary reticulosis, 686 
Histiocytoma, fibrous, 1267-1268, 1268 
malignant fibrous, of joints, 1364-1365, 
1365 
Histiocytosis, generalized, 694-695 
malignant, 686 
sinus, 657, 657 
Histiocytosis X, 694, 695, 1272-1273 
Histocompatibility antigens, 160-162, 160- 
163 
Histoplasma capsulatum, 358 
Histoplasmoma, 359, 359 
Histoplasmosis, 358-359, 359 
disseminated, 359 
fulminant disseminated, 359, 360 
granulomatous, 359 
sclerosing, 359 
Hives, 1284, 1284t 
HLA complex, 160-162, 160-163 
cell-to-cell interaction in immune response 
and, 162 
disease association and, 162-163, 162t 
host defense and, 162, 162 
immune response regulation and, 161-162 
inheritance of, 161, 161 
organ transplantation and, 161 
HLA-D antigen, 161 
Hodgkin’s disease, 670-674 
classification of, 670-671, 671-673 
clinical course in, 674 
diffuse fibrosis, 671, 672 
etiology and pathogenesis of, 673-674 
lacunar cell in, 671, 673 
lymphocyte-predominance, 671, 671 
mixed cellularity, 671 
morphology of, 673 
nodular sclerosis, 671, 672 
of thyroid, 1224 
Reed-Sternberg cell in, 670, 670 
staging in, 674, 674t 
Hofbauer cells, 488, 489 
Holoprosencephaly, 1426 
Homans sign, 102 
Homogentisic acid, 24 
Hookworm disease, 376-377 
Hormone, ectopic production of, 221 
Horseshoe kidney, 998-999 
Host-parasite relationships, 276-277 
Howship’s lacunae, 1317 
HTLV, 243-244 
Human papilloma virus, cervical carcinoma 
and, 1125 
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Human T-cell leukemia virus, 678 
Hunner’s ulcer, 1069 
Hunter syndrome, 148t 
Huntington's chorea, 1416 
Hurler syndrome, 148t 
Hurler-Scheie syndrome, 148t 
Hutchinson-type neuroblastoma, 1247 
Hyaline, alcoholic, 28, 29, 36, 919, 920 
Hyaline arteriolosclerosis, 36, 518 
Hyaline change, 36 
Hyaline degeneration, Zenker’s, 1307 
Hyaline droplets, in renal tubular epithelium, 
21 
Hyaline membrane disease, in newborn, 482- 
485, 483-484 
Hydatid disease, 385, 385-386 
Hydatidiform mole, 1159-1160, 1159-1160 
Hydatids of Morgagni, 1141 
Hydradenitis suppurativa, 305 
Hydranencephaly, 1426 
Hydrocarbon, polycyclic aromatic, 237-238 
Hydrocele, 1098, 1098-1099 
Hydrocephalus, 1376, 1376-1377, 1377t 
Hydromyelia, 1427 
Hydronephrosis, 1051-1052, 1052 
Hydropericardium, 85 
Hydrops fetalis, 487, 627 
Hydrops of gallbladder, 951, 952 
Hydrostatic pressure, edema and, 85-86 
Hydrothorax, 85, 758-759 
Hydroureter, 1063 
Hygroma, cystic, 544 
Hymen, imperforate, 1113 
Hymenolepis nana, 384 
Hyperaldosteronism, 
1240-1241, 124] 
Hyperbilirubinemia, 889-892, 892t. See also 
Jaundice. 
asymptomatic familial unconjugated, 894 
conjugated vs unconjugated, 891-892, 892t 
hereditary, 894—896, 895t 
Hypercalcemia, clinical causes of, 1227t 
in nephrocalcinosis, 1039 
in pancreatitis, 965 
paraneoplastic, 256t, 257 
Hypercalciuria, absorptive, 1052-1053 
idiopathic, 1052-1053 
renal, 1053 


primary (low-renin), 


Hypercholesterolemia, familial, 139-141, 140 


Hypercoagulability, 98 
Hyperemia, 88-90, 89--90 
active, 89 
morphology of, 89-90, 89-90 
passive, 89 
Hyperkeratosis, follicular or papular, 404 
Hyperlipidemia, in atherosclerosis, 507-508 
in pancreatitis, 964-965 
Hyperlipoproteinemia, 515t 
obseity and, 425 
Hypernephroma, 1054-1056, 1055, 1055— 
1056 


Hyperosteoidogenesis, 409 
Hyperoxaluria, 1053 
Hyperparathyroidism, adenoma in, ]1227- 
1228, 1228 

bone changes in, 1329-1330, 1330 

carcinoma in, 1228-1229 

primary, 1226-1229 

secondary, 1229-1230, 1230 
Hyperpituitarism, 1194-1196, 1194-1196 
Hyperplasia, atypical, 34 

cellular, 32, 32-33 

compensatory, 32 

endometrial, 32-33 
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Hyperplasia (Continued) 
follicular, 656, 657 
hormonal, 32 
pathologic, 32-33 
physiologic, 32, 32 
Hyperprolactinemia, 1195-1196 
Hypersensitivity angiitis, 522, 522-523 
Hypersensitivity disorders, 163t—164t 
Hypersensitivity reactions, 163-176 
delayed-type, 169-171, 170 
type I (anaphylactic type), 163-166, 164 
type II, 166, 166 
type III, 166-169, 167-169 
type IV (cell-mediated), 169-171, 170 
Hypersplenism, 699 
Hypertension, 1041-1048 
benign, 1041 
benign nephrosclerosis and, 1045, 1045-— 
1046 
essential, 1041, 1044, 1044-1045 
in ischemic heart disease, 508 
in pheochromocytoma, 1245-1247 
malignant, 1042, 1046, 1046-1047 
obesity and, 425 
pathogenesis of, 1042-1048 
portal, 916-917 
ascites in, 916-917 
causes of, 916 
hepatic encephalopathy in, 917 
portosystemic shunts in, 917, 917 
splenomegaly in, 917 
pulmonary, 713-714, 715 
renal, 1042-1044 
kallikrein-kinin, 1043 
prostaglandins and, 1043 
renin-angiotensin system in, 1042-1043, 
1043 
sodium retention and blood volume in, 
1043 
renal artery stenosis in, 1047-1048, 1048 
renoprival, 1043 
types of, 1041t 
Hypertensive encephalopathy, 1395 
Hypertensive heart disease, 566-569, 568 
Hyperthyroidism, 1203, 1203-1204 
Hypertriglyceridemia, in pancreatitis, 964— 
965 
Hypertrophic subaortic stenosis, idiopathic, 
597 
Hypertrophy, asymmetric septal, 597 
cellular, 2, 31, 31-32 
heart, 31, 31 
muscular, 31-32 
Hyperuricemia, 1356, 1356t 
Hyperuricosuria, 1053 
Hypervitaminosis A, 405-406 
Hypoadrenalism, 1235-1237, 1235t 
Hypoglycemia, beta-cell tumor and, 986-987, 
987 


Hypokalemic nephropathy, 1039, 1039 
Hypoparathyroidism, 1230, 1230-1231 
Hypoperfusion, in shock, 114 
Hypophosphatemia, vitamin D deficiency 
and, 408 
X-linked, 408 
Hypopituitarism, 1196-1200 
Hypoplastic left heart syndrome, 591 
Hypoprothrombinemia, 412 
Hypospadias, 1082 
Hypostatic pneumonia, 88 
Hypotension, in shock, 114 
Hypothalamus, adamantinoma of, 1199, 1200 
ameloblastoma of, 1200 


Hypothalamus (Continued) 
craniopharyngioma of, 1200 
suprasellar tumor of, 1199, 1200 

Hypothermia, 460-462 

Hypothyroid cardiomyopathy, 1206 

Hypothyroidism, 1204-1206, 1205t 
trophoprivic, 1206 

Hypoventilation syndrome, obesity and, 425 

Hypovolemia, in edema, 86 
in shock, 113, 113t 

Hypoxia, cellular, 4, 5-9, 5-9 


Icterus, 889-892, 892t. See also Jaundice. 
Icterus gravis, 487 
IgA deficiency, 206-207 
IgA nephropathy, 1019, 1019 
IgE, anaphylaxis and, 164, 164 
Ileitis, terminal, 836 
Ileum, Crohn's disease of, 836 
diverticulum of, 830 
regional enteritis of, 838, 839 
Iliac artery, arteriosclerotic saccular aneu- 
rysm of, 530 
Immersion foot, 461 
Immotile cilia syndrome, 729-730, 730 
Immune complex vasculitis, 169, 169 
Immune complex-mediated hypersensitivity, 
166-169, 167-169 
local, 169 
pathogenesis of, 167, 167 
systemic, 168, 168-169 
Immune disorders, classified by source of 
antigen, 163t 
mechanisms of, 164t 
Immune system, 158-163 
B lymphocytes in, 159 
dendritic and Langerhans’ cells in, 160 
histocompatibility antigens in, 160-162, 
160-163 
K cells in, 160 
macrophages in, 159-160 
neoplasia and, 258-260, 259 
NK cells in, 160 
T lymphocytes in, 158-159 
Immunity, cell-mediated, 158 
diseases of, 158-213. See also individual 
diseases. 
humoral, 158 
Immunologic deficiency syndrome, 205-210 
common variable, 206 
severe combined, 207-208 
Immunologic tolerance, 176-178, 178 
autoreactive lymphocyte suppression in, 
177-178 
cellular basis of, 178, 178 
clonal deletion in, 177 
Impetigo, 305, 307, 1299, 1299 
Incised wound, 459 
Inclusion conjunctivitis, 293-294 
Inclusions, viral, 278 
Indian childhood cirrhosis, 916 
Industrial carcinogens, 459, 460t-46lt 
Infant, diseases of, 474-501. See also individ- 
ual diseases. 
major causes of death of, 475t 
malignant tumors of, 498-500, 499t 
newborn, congenital anemia of, 487 
hemolytic disease of, 486-490, 488-489 
hepatitis of, 940, 940t 
mortality rate by birth weight of, 474, 
475t 


Infant (Continued) 
newborn, respiratory distress syndrome in, 
482-485, 483-484 
toxoplasmosis of, 374 
vulnerability of, 474 
preterm, brain in, 477 
kidney in, 477 
liver in, 477 
lungs in, 476-477, 477 
preterm vs postterm, 475 
small-for-gestational-age (SGA), 475-476 
sudden infant death syndrome in, 495-496 
tumor and tumor-like lesions of, 497-500 
Infarct of Zahn, 898 
Infarction, 108-112, 109-111 
cerebral, 1389-1391, 1390 
myocardial, 556-566. See also Myocardial 
infarction. 
of liver, 898-899 
of small intestine, 831-833, 832-833 
pulmonary, 711-713, 713 
red, 108 
renal, 110, 1050-1051, 1051 
splenic, 701-702, 702 
white, 108 
Infectious disease, 273-398. See also individ- 
ual types. 
bacterial, spirochetal and mycobacterial, 
300-350 
chlamydial, 292-295 
host factors in, 276 
host tissue response to, 277 
host-parasite relationships in, 276-277 
mycoplasmal, 300 
parasite factors in, 274-275, 275t 
rickettsial, 295-300, 296t 
transmission of, 275-276 
viral, 277-292, 279t 
Infectivity, 276 
Inflammation, acetylated glycerol ether phos- 
phocholine in, 57 
acute, 41 
arachidonic acid metabolites in, 54-56, 55, 
o6t 
chemical mediators of, 52-58, 58t 
chronic, 41, 61-65, 62-65 
cells and mediators in, 62-63, 61-64 
eosinophils in, 63 
fibroblasts and, 62 
lymphocytes in, 62 
monocytes/macrophages in, 61-62 
plasma cells in, 62, 63 
clotting system in, 54 
complement system in, 53, 53 
cytopathic-cytoproliferative, 277 
definition of, 40 
exudative, 277 
fever in, 68-69 
fibrinous, 65-66, 66 
free radical formation and, 13 
granulomatous, 60t, 64-65, 64-65, 277 
historical, 40-41 
interstitial, 277 
kinin system in, 53-54, 54 
leukocytic exudation in, 46-48, 46-49 
leukocytosis in, 69 
leukopenia in, 69 
lymphatics and lymph nodes in, 60-61 
lymphocvte factors in, 57 
lysosomal constituents of, 56 
major components of, 41 
membranous, 67-68, 68 
modifying factors in, 80-81 


Inflammation (Continued) 
morphologic patterns in, 65-68, 66-68 
necrotizing, 277 
neutrophilia and, 69 
oxygen-derived free radicals in, 56-57 
phagocytosis in, 49-51 
plasma proteases in, 52-54, 53-54 
pseudomembranous, 67-68, 68 
serous, 65, 66 
suppurative, 66, 67 
systemic effects of, 68-69 
systemic influences in, 80 
vascular flow and caliber in, 42 
vascular permeability and, 42-46, 43-45 
vasoactive amines in, 52 
Inflammatory bowel disease, 837-838 
cirrhosis and, 933 
Inflammatory carcinoma, 1273 
Inheritance, multifactorial, 118, 154-155 
polygenic, 154-155 
Insect bites and stings, 1300-1301 
Insecticide poisoning, 451 
Insulin, normal metabolism of, 977-978 
resistance to, 980 
Insulinoma, 986—987, 987 
Insulitis, 982 
Interferon, 170-171 
Interleukin 1, 68 
Interleukin 2, 171 
Interstitial inflammation, 277 
Interstitial plasma cell pneumonia, 366 
Interstitium, renal, 994 
Intestinalization, in pernicious anemia, 634 
Intestine, large, 854-874. See also Colon. 
small, 827-853 
adenomatous polyps of, 841 
adhesions in, 852 
argentaffinomas of, 842-844, 842-845, 
843t 
carcinoid of, 842-844, 842-845, 843t 
carcinoma of, 845, 845 
congenital anomalies of, 830-831 
congenital atresia and stenosis of, 830 
endocrine cell tumors of, 842-844, 842— 
845, 843t 
hernia of, 852, 852 
in kwashiorkor, 402 
infective enterocolitis of, 8833-836 
intussusception of, 852-853, 853 
ischemic bowel disease of, 831-833 
malabsorption syndrome of, 846-851, 
846t-847t 
normal, 827-828, 829 
obstructive lesions of, 851-853 
sarcoma of, 846 
tuberculosis of, 834-835 
tumors of, 841-846 
volvulus of, 853 
Whipple’s disease of, 848-851, 848-851 
tuberculosis of, 345 
Intimal cushion, 513 
Intracellular accumulations, 17-26, 19—25. 
See-also Cell, accumulations in. 
Intracellular junction, 43 
Intracranial hemorrhage, 1391-1394, 1392- 
1393 
at birth, 478 
Intracranial pressure, increased, 1375 
Intramembranous ossification, 408-409 
Intraneuronal bodies, 1372 
Intraventricular hemorrhage, 485 
Intussusception, 852-853, 853 
Invasive mole, 1160 


Inversion, 124, 125 
Ionizing radiation. See Radiation. 
Iron, metabolism of, 636-637, 636t, 637, 925 
systemic overload of, 25, 924-928 
Iron deficiency, 422-423, 423 
Iron deficiency anemia, 635-638 
Ischemia, cellular, 4, 5—9, 5-9 
Ischemic bowel disease, 831-833 
arterial embolism in, 831 
arterial thrombosis in, 831 
mucosal and mural infarction in, 832-833, 
§33 
transmural infarction in, 831-832, 832 
venous thrombosis in, 831-832 
Ischemic encephalopathy, 1389 
Ischemic heart disease, 551-567. See also 
Myocardial infarction. 
angina pectoris in, 552 
causes of, 551-552 
chronic, 552, 566, 566-567 
cigarette smokin in, 508 
diabetes in, 508 
hyperlipidemia in, 507-508 
incidence of, 552-553 
increased myocardial demand in, 555 
mortality rates from, 506, 506-507 
myocardial infarction in, 552 
obesity and, 508 
oxygen-carrying capacity of blood and, 555 
pathogenesis of, 553-555, 554 
physical activity and, 508 
reduced coronary flow in, 553-555, 554 
shock or hypotensive episode in, 553-555 
stress and, 508 
sudden cardiac death in, 552 
Islet cell, types of, 972, 973-974 
Islet cell tumor, 986-989 
ulcerogenic, 987-988 
Isochromosome, 125, 125 
Isospora belli, 365 
Isospora hominis, 365 
Isospora natalensis, 365 
Ixodes dammini, 334 
Ixodes pacificus, 334 


Jakob-Creutzfeldt disease, 1387, 1387 
Jaundice, 889-892, 892t 
cholestasis in, 890-891, 891. 
intrahepatic vs extrahepatic, 892 
pathophysiologic classification of, 891-892, 
892t 
recurrent of pregnancy, 890 
Jaw, cyst of, 785-786, 786 
developmental malformations of, 785, 785 
diseases of, 785~789 
fibrous dysplasia of, 788 
giant cell tumor of, 788 
metabolic bone disease of, 788-789 
metastasis to, 788 
nonodontogenic benign tumors of, 788 
nonodontogenic malignant tumor of, 788 
osteomyelitis of, 785 
Paget's disease of, 788-789 
JC virus, 244 
Jejunum, diverticulum of, 830 
Jock itch, 1300 
Jodbasedow disease, 1204 
Joints, 1347-1367. See also individual disor- 
ders; Arthritis. 
lupus erythematosus and, 187 
tumors of, 1362—1365 
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Jones’ criteria in rheumatic fever, 576t 

Juvenile pernicious anemia, 634 

Juvenile rheumatoid arthritis, 1355 

Juxtaglomerular apparatus, 994 

Juxtaglomerular cell tumor, renin-producing, 
1054 


K cell, 160 
antitumor, 258 
Kala-azar, 372, 372 
Kallikrein, 53-54 
Kallikrein-kinin, 

1043 
Kaposi's sarcoma, 543, 543-544, 1270, 1270 
Kaposi's varicelliform eruption, 285 
Kartagener's syndrome, 729-730, 730 
Karyolysis, 15 
Karyorrhexis, 15 
Karyotype, normal, 119-122 
Kasabach-Merritt syndrome, 1269 
Kawasaki's disease, 291-292, 526 
Kayser-Fleischer rings, 933 
Keloid, 74, 74 
Keratin, 28t 
Keratinocyte, 1258 
Keratoacanthoma, 1263, 1263 
Keratoconjunctivitis, herpes, 285 
Keratomalacia, in vitamin A deficiency, 404 
Keratosis, actinic, 1265, 1265 

inverted follicular, 1262 
seborrheic, 1262, 1262-1263 
solar, 1265, 1265 
Kernicterus, 487-488 
Kerosene poisoning, 450 
Keshan disease, 424 
Kidney, 991-1061. See also Renal. 
acquired (dialysis-associated) cystic disease 

of, 1002 

adenocarcinoma of, 1054-1056, 1055-1056 

agenesis of, 998 

amyloidosis and, 201, 202, 1025 

angiomyolipoma of, 1054 

atheroembolic disease of, 1049 

biopsy of, stains and techniques in, 995, 
995 

blood vessel diseases of, 1041-1051 

blood vessels of, 992 

chronic failure of, anemia in, 640 

classification of disorders of, 995-996 

congenital anomalies of, 997-1002 

cortical adenoma of, 1053-1054 

cyst of, 999-1002 

cystic disease of medulla of, 1001-1002 

cystic dysplasia of, 999, 999-1000 

diffuse cortical necrosis of, 1050, 1050 

displacement of, 998 

eyes in, 984, 984 

failure, acute, 1028-1029, 1028 

acute tubular necrosis in, 1027 

chronic, 996-997 

edema in, 86, 87 

hepatic failure with, 893 

vitamin D deficiency and, 408 

fibroma or hamartoma of, 1054 
glomerular disease of, 1002-1027. See also 

Glomerular disease. 

glomerulonephritis of, 1007-1020. See also 

Glomerulonephritis. 

glomerulus of, 992-994, 993 
glycogen vacuolation of, 22 
hamartoma of, 1054 


renal hypertension and, 


4452 


Kidney (Continued) 

heroin addiction and, 458 

horseshoe, 998-999 

hypoplasia of, 998, 998 

in diabetes mellitus, 984, 1022-1025, 1023 

in left-sided congestive heart failure, 550 

in lupus erythematosus, 184-185, 184 -186, 
1021-1022 

in malaria, 367 

in multiple myeloma, 690-691, 691 

in preterm infant, 477 

in shock, 115 

in toxemia of pregnancy, 1156 

in Wegener's granulomatosis, 524 

infarction of, 1050-1051, 1051 

interstitium of, 994 

juxtaglomerular apparatus of, 994 

medullary sponge, 1001 

microangiopathic hemolytic anemia of, 
1048, 1048-1049 

myeloma, 1040 

nephronophthisis-uremic medullary cystic 
disease of, 1001, 1001-1002 

nephrotic syndrome in, 1011-1018. See 
also Nephrotic syndrome. 

normal, 991-994 

oncocytoma of, 1054 

papillary necrosis of, 
1037, 1037 

polycystic disease of, 1000, 1000-1001 
adult, 1000, 1000 
childhood, 1000--1001 

renal cell carcinoma of, 1054-1056, 1055— 
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1025, 1032-1033, 


1056 

renin-producing juxtaglomerular cell tunior 
of, 1054 

renomedullary interstitial cell tumor of, 
1054 


scleroderma and, 192, 192 
shock, 1027 
simple cysts of, 1002 
tubular necrosis in, 1027-1029 
tubules of, 994 
tubulointerstitial disease of, 
1030t. 
ease. 
tumor of, 1053-1058 
urothelial carcinoma of, 1057-1058, 1058 
Wilms’ tumor of, 1056-1057, 1057 
Kimmelstiel-Wilson disease, 1023 
Kinin system, 53-54, 54 
Kininase, 54 
Klebsiella infection, 311--312, 312 
Klebsiella ozaenae, 339 
Klebsiella pneumoniae, 311- 312. 312 
Klebsiella rhinoscleromatis, 339 
Klinefelter’s syndrome, 129 132, 131 
Klippel-Trenaunay syndrome, 1269 
Koilonychia, in anemia, 613 
Korsakoff's psychosis, 1421 
Krabbe’s disease, 1424-1425 
Krukenberg tumor, of ovary, 824-825, 1155, 
1155 
Kupffer cells, in malaria, 367, 368 
Kuru, 1387-1388 
Kussmaul breathing, 996 
Kwashiorkor, 400-402, 401-402 


1030-104], 
See also Tubulointerstitial dis- 


L/S ratio, 485 
Labile cells, 70 
Laceration, definition of. 459 


Lactating adenoma, 1176 
Lactoferrin, bactericide and, 50 
Lacunar cell, in Hodgkin's disease, 671, 673 
Lacunar stroke, 1395 
Lafora body, 1373, 1417 
Lafora’s syndrome, 1417 
Laminin, 79, 993 
Landry-Guillain-Barré syndrome, 1429-1431 
Langerhans’ cell, 1258, 1259 
Langerhans’ cell granulomatosis, 694 
Langerhans’ cells, 160 
Langhans -type giant cell, 64, 63-64 
Large cell carcinoma, of lung, 753~754 
Larva migrans, visceral, 378-379 
Laryngotracheobronchitis, 280 
Larynx, 761-762 
carcinoma of, 762, 762 
inflammation of, 761 
papilloma of, 762 
polyps of, 761-762 
tumors of, 761-762, 762 
Lathyrism, 138, 534 
LE body, 181, 182 
LE cell, 181, 182 
Lead poisoning, 453-455, 455 
Left heart syndrome, hypoplastic, 591 
Legionella bozemanii, 313 
Legionella dumoffti, 313 
Legionella gormanii, 313 
Legionella infection, 313-314 
Legionella micdadei, 313 
Legionella pneumophila, 313 
Leigh's disease, 1423-1424 
Leiomyoblastoma, 271 
of stomach, 827 
Leiomyoma, 271 
differentiation of, 218 
of stomach, 820 
of urinary bladder, 1076 
of uterus, 221, 1136-1137, 1137 
Leiomyosarcoma, 271 
endometrial, 1140, 1140 
of stomach, 827 
Leishmania donovani, 372 
Leishmaniasis, 371-373, 372 
Lentigo, 1275, 1275 
Lentigo maligna melanoma, 1280, 1280-1281 
Leonine facies, 348 
Leprosy, 347-349, 348, 1432 
leonine facies in, 348 
lepromatous, 347 
oral mucosa in, 776 
tuberculoid, 347 
Leptospirosis, 332-333 
Leser-Trélat sign, 1262 
Letterer-Siwe svndrome, 694-695 
Leukemia, 674-688 
acute lymphocytic and nonlymphocytic, 
karvotype in, 232 
acute vs chronic, 684-685 
alkaline phosphatase levels in, 679 
anemia in, 683 
Auer bodies or rods in, 679 
bone marrow in, 679, 680 
central nervous system in, 683 
childhood, 263 
chloroma in, 679-680 
chromosomal abnormalities in, 677-678 
chromosomal defect in, 232t 
chronic myelogenous, Philadelphia chro- 
mosome in, 232 
classification of, 675-676, 675t 
clinical course in, 684-685 


Leukemia (Continued) 
cytochemical staining in, 678-679, 678-. 
679, 679t 
etiology and pathogenesis in, 676-678 
hairy cell, 685 
heart muscle infiltrates in, 683, 684 
human T-cell leukemia virus in, 678 
incidence of, 676 
ionizing radiation and, 242 
liver in, 680, 682-683, 683 
lymph nodes in, 680, 681 
lymphocytic, chronic, 676-677, 677 
morphology in, 678-684, 678-684 
myeloid, chronic, 676 
Philadelphia chromosome in, 677 
primary changes in, 679-683 
proerythroblasts in, 679, 679 
secondary changes in, 683-684 
spleen in, 680, 681-682 
thrombocytopenia in, 683 
Leukemia cutis, 683 
Leukemia-lymphoma, adult T-cell, 685-686 
Leukemoid reaction, 69, 655 
Leukocyte, adherence, defects of, 51 
chemotaxis of, 47-49 
defects in function of, 51-52 
emigration of, 42, 47, 48 
exudation of, in inflammation, 46-48, 46— 
49 
margination of, 42, 46, 46-47 
microbicidal detects in, 51 
migration and chemotaxis of, defects of, 51 
neoplastic proliferation of, 657-659. See 
also individual disorders. 
products of, extracellular release of, 51 
reactive proliferation of, 655-657 
sticking of, 47 
Leukocytoclastic angiitis, 522, 522-523 
Leukocytosis, 655-656 
eosinophilic, 655 
inflammation and, 69 
Leukodystrophy, 1424-1425 
globoid cell, 1424-1425 
metachromatic, 1424, 1424 
Leukoencephalitis, acute necrotizing hemor- 
rhagic, 1413 
Leukoencephalopathy, progressive multifo- 
cal, 1386 
Leukopenia, 654-655 
inflammation and, 69 
Leukoplakia, 780, 781 
vulvar, L115 
Leukotriene, 55 
Lewy body, 1417 
Levdig (interstitial) cell tumor, of testis, 
1097--1098 
Libman-Sacks disease, 585 
Libman-Sacks endocarditis, 187, 187 
Lice, 1301 
Lichen planopilaris, 1290 
Lichen planus, 777-780, 779, 1290, 1290 
Lichen sclerosus, 1115-1116, 1116 
Lichen sclerosus et atrophicus, 1290, 1290- 
129] 
Light-chain nephropathy, 1026 
Lindau-von Hippel disease, 540 
Linear energy transfer (LET), 465 
Lines of Zahn, 99, 529 
Lip, cleft, 785, 785 
Lipid, in atherosclerosis, 513-515, 514, 515t 
intracellular accumulation of, 18-22, 19-21 
Lipid cell tumor, of ovary, 1154 
Lipid metabolism, in liver cell, 19 


Lipid peroxidation, 11, 11 
Lipid pneumonia, 749, 749, 749 
Lipidosis, galactocerebroside, 1424-1425 
Lipochrome, 23 
Lipofuscin, 23, 24 
Lipoid nephrosis, 1007, 1014-1015, 1015 
Lipoma, 270-271, 271 
of colon, 863, 863 
Lipomodulin, 80 
Lipoprotein, high-density, 513-515 
in familial hypercholesterolemia, 140-141 
low-density, 513-515 
very-low-density, 513 
Liposarcoma, 270-271, 271 
myxoid, 270-271, 271 
round cell, 271 
Lipoxygenase pathway, 55-56 
Liquefaction necrosis, 15, 16 
Lisch nodules, 139 
Lissencephaly, 1426 
Listeria monocytogenes, 328 
Listeriosis, 328 
Liver, 884—942. See also individual disorders; 
Hepatic. 
abscess of, 912 
acute and chronic passive congestion of, 
897, 897 
alcoholic disease of, 917-923. See also Cir- 
rhosis, of liver, alcoholic. 
amyloidosis and, 203, 204 
angiosarcoma of, 542-543, 939 
bile duct adenoma of, 935 
bilirubin metabolism in, 887-889, 888 
carbon tetrachloride poisoning and, 450- 
451, 451 
carcinoma of, metastatic, 227, 227 
primary, 935-938, 937 
cardiac sclerosis and, 898, 898 
cavernous hemangioma of, 540, 935 
central hemorrhagic necrosis of, 90, 90, 
897-898 
centrilobular necrosis of, 90, 897-898 
cholangiocarcinoma of, 938 
chronic passive congestion of, 89-90, 90, 
Dol 
circulatory disorders of, 896-899 
cirrhosis of, 915-934. See also Cirrhosis, 
of liver. 
cysts of, 935, 935 
diffuse disease of, anemia in, 640 
drug-related injury of, 912-915, 914t 
failure of, 892-894 
causes of, 892 
clinical manifestations of, 893 
common disorders in, 894 
fetor hepaticus in, 893 
hepatic coma in, 893-894 
hepatic encephalopathy in, 893-894 
portal-systemic encephalopathy in, 893- 
894 
renal failure with, 893 
serum enzymes in, 892-893 
fatty, 18-19, 19, 917-919, 919 
functional anatomy of, 884 
glycogen accumulation in, 22 
halothane and, 913 
hepatoblastoma of, 938-939 
heroin addiction and, 458 
in cystic fibrosis, 494 
in erythroblastosis fetalis, 488, 488 
in galactosemia, 492, 492 
in hemochromatosis, 926-927, 927 
in kwashiorkor, 402 


Liver (Continued) 
in leukemia, 680, 682-683, 683 
in malaria, 367, 368 
in preterm infant, 477 
in right-sided congestive heart failure, 550, 
550-551 
in shock, 115 
in toxemia of pregnancy, 1156 
infarction of, 898-899 
infection of, 899-909. See also Hepatitis. 
internal architecture of, 884-887, 885-887 
jaundice and, 889-892, 892t 
lipid metabolism in, 19 
metastatic tumors of, 939-940 
mononucleosis and, 289 
nodular hyperplasia of, 934 
normal, 884-889 
nutmeg, 90, 90, 897, 897 
pipe-stem fibrosis of, 389, 389 
portal vein obstruction and thrombosis of, 
899 
postmortem changes in, 942 
sarcoidosis of, 392 
submassive-to-massive necrosis of, 909— 
910, 910-911 
tetracycline and, 913-915 
tumors of, 934-940 
venous thrombosis of, 899 
Liver cell adenoma, 934-935 
Liver cell carcinoma, 935-938, 937 
Liver cell necrosis, carbon tetrachloride- 
induced, 12, 12, 12t 
Liver fluke, 386 
Loa loa, 383 
Locomotor ataxia, 1381 
Loeffler’s endocarditis, 599 
Loeffler’s syndrome, 748 
Looser’s zones, 1329 
LSD, 457 
Lues, 335-338, 336-337 
Luetic aneurysm, 531-532, 531-532 
Luetic aortitis, 531-532, 531-532 
Lung. See also Pulmonary. 
abscess of, 738-739, 739 
adenocarcinoma of, 753 
alterations in expansion of, 709-710, 710 
asbestosis of, 438, 438-439 
bronchiectasis in, 730-731, 731 
cancer, 750-755. See also Bronchogenic 
carcinoma. 
candida in, 353 
chronic obstructive airway disease of, 717- 
732 
chronic passive congestion of, 89, 89 
congenital anomalies of, 709, 709 
congestion and edema of, 710-711, 711 
defense mechanisms of, 708, 708 
diffuse interstitial disease of, 742-749, 743- 
744, 743t 
embolism of, 711-713, 712 
farmers , 744 
hamartoma of, 756 
hemorrhage of, 711-713 
honeycomb, 748, 748 
in atelectasis neonatorum, 485-486 
in coal workers’ fibrosis, 431-435, 433- 
434 
in coal workers’ pneumoconiosis, 23, 23, 
433-434, 433-434 
in cystic fibrosis, 494-495 
in emphysema, 722-723, 723 
in Goodpasture’s syndrome, 745, 745 
in heroin addiction, 457-458, 458 
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Lung (Continued) 
in left-sided congestive heart failure, 549- 
500 
in lupus erythematosus, 188 
in preterm infant, 476-477, 477 
in respiratory distress syndrome, 484, 484 
in scleroderma, 192 
in shock, 115 
in Wegener's granulomatosis, 523, 523-524 
infarction of, 711-713, 713 
infection of, 732-742 
large cell carcinoma of, 753~754 
metastatic tumor of, 757, 757 
narcotic, 457-458, 458 
normal, 705—708 
obstructive vs restrictive disease of, 717 
peripheral cyst of, 709 
physical and chemical irritants of, 432t 
pigeon breeders’, 744 
radiation injury to, 467, 468, 469 
silicosis of, 436, 436-437 
small cell carcinoma of, 753, 753 
squamous cell carcinoma of, 753 
tumors of, 749-757 
vascular disease of, 710-714 
Lung fluke, 387-388 
Lupoid hepatitis, 908 
Lupus erythematosus, 180-189, 182-187 
antinuclear antibody in, 181 
B cell in, 183 
central nervous system in, 187 
clinical course of, 188-189 
cutaneous, 1286-1287, 1287 
discoid, 188, 1286-1287, 1287 
drug-induced, 188-189 
environmental factors in, 182 
etiology and pathogenesis of, 181-183, 182 
genetic factors in, 181-182 
glomerulonephritis in, 184-185, 185-186, 
1021-1022 
heart in, 187, 187 
immunologic factors in, 183 
joints in, 187 
kidney in, 184-185, 184-186 
LE cell and body in, 181, 182 
lungs in, 188 
morphology of, 183-188 
necrotizing vasculitis in, 183-184, 184 
onionskin lesions in, 183-184, 184 
oral mucosa in, 780 
organ involvement distribution in, 183t 
pericarditis in, 187 
sex hormones in, 182 
skin in, 185-187 
spleen in, 187-188 
subacute cutaneous, 188 
T cells in, 183 
tissue damage mechanisms in, 183 
vasculitis in, 528 
wire loop lesion in, 185, 186 
Lupus nephritis, 184-185, 185-186, 1021~ 
1022 
Lupus profundus, 1287 
Luschka, ducts of, 942-943, 943 
Luteal cyst, 1142, 1142 
Luteoma, pregnancy, 1154 
stromal, 1154 
Lyme disease, 334 
Lymph node, in leukemia, 680, 681 
in mononucleosis and, 289 
normal, 653 
Lymphadenitis, 61 
acute nonspecific, 656, 656 


1454 INDEX 


Lymphadenitis (Continued) 
chronic nonspecific, 656-657, 657 
mycobacteriosis, 346 
toxoplasmal, 374 
Lymphadenopathy, angioimmunoblastic, 
696-697, 697 
Lymphangioma, 544 
cavernous, 544 
of infant and child, 497-498, 498 
simple (capillary), 544 
Lymphangiomyoma, 544 
Lymphangiosarcoma, 544 
Lymphangitis, 61, 538 
Lymphangitis carcinomatosa, 757 
Lymphatics, 537-538 
edema and, 86, 87 
filariasis of, 381-382, 382 
inflammation and, 60-6] 
metastasis and, 226, 226-227 
normal, 503 
radiation injury to, 468 
sarcoidasis of, 391, 391 
tumors of, 544 
Lymphedema, 86, 538 
simple congenital, 538 
Lymphedema praecox, 538 
Lymphocyte, autoreactive, suppression of, 
177-178 
B, 159 
chronic inflammation and, 62 
inflammation and, 57 
large granular, 160 
T, 158-159 
Lymphocytic myocarditis, 594, 595 
Lymphocytic thyroiditis, 1209 
Lymphocytosis, 655 
inflammation and, 69 
Lymphoepithelioma, 764 
Lymphogranuloma venereum, 294-295, 295 
Lymphoid hyperplasia, paracortical, 656 
Lymphokines, 170-171 
inflammation and, 57 
Lymphoma, Burkitt's, 662, 662-663 
chromosomal defect in, 233 
Epstein-Barr virus and, 245 
chromosomal defect in, 232t 
Hodgkin's, 670-674. See also Hodgkin’s 
disease. 
malignant, 657-674 
non-Burkitt’s, 662 
non-Hodgkin's, 658-670 
B-cell, 664 
childhood, 669 
classification of, 658 
clinical course in, 669-670 
comparison of classification systems in, 
665-667, 666t 
diffuse, 659, 659-660 
etiology and pathogenesis in, 668-669 
follicular center cell, 664 
histiocytic, 660-661, 661, 665 
identification of T cells, B cells, and 
histiocytes in, 666, 666t 
Lukes-Collins — classification, 
663, 664t 
lymphoblastic, 661-662 
mixed lymphocytic-histiocytic, 661 
morphology in, 667-668, 668 
nodular pattern in, 658, 659 
of thyroid, 1224 
plasmacytoid lvmphocytic, 664 
poorly differentiated lymphocytic, 660, 
661 


662-665, 


Lymphoma (Continued) 
non-Hodgkin’s, Rappaport classification of, 
658-662, 659t 
staging in, 669 
T-cell, 664-665 
U-cell, 665 
undifferentiated, 662, 662-663 
well-differentiated lymphocytic, 660, 660 
working formulation for clinical usage in, 
667t 
of colon, 874 
of nervous system, 1409 
of stomach, 826, 826-827 
of testis, 1098 
Lymphomatoid granulomatosis, 524 
Lymphomatoid papulosis, 1291 
Lymphopathia venereum, 862 
Lyon hypothesis, 120 
Lysosomal storage diseases, 27, 142-150, 
143t, 144 
Lysosomes, 26, 26-27 
cellular injury and, 13-14 
inflammation and, 56 
Lysozyme, bactericide and, 50 
release of, 51 


MacCallum’s plaques, 574 
Macroglobulinemia, Waldenstrém’s, 692- 
693, 692-693 
Macrophage, 159-160 
activated, 60 
bactericidal, 50 
chronic inflammation and, 62-63 
granulomatous inflammations and, 60t 
inflammation and, 56 
origin of, 60 
products of, 61 
properties of, 60 
Macrophage derived growth factor, 76 
Macrophage migration inhibition factor 
(MIF), 170 
Madura foot, 359 
Maffucci’s syndrome, 1269, 1323, 1341 
Magnesium ammonium phosphate stones, 
1053 
Majocchi’s granuloma, 1299, 1300 
Malabsorption syndrome, 846-851, 846t-847t 
Malakoplakia, of bladder, 1069, 1069-1070 
Malaria, 366-369, 368 
Malassezia furfur, 1300 
Male genital system, 1081-1108. See also 
individual parts. 
Male pseudohermaphroditism, 134, 134t 
Mallory body, 28, 29, 919, 919-920 
Mallory-Weiss syndrome, 800, 800-801 
Malnutrition, origins of, 399t 
primary, 399 
protein-energy, 400-402, 401-402 
secondary or conditioned, 399-400 
Mammary duct ectasia, 1167-1168, 1168 
Marasmus, 400-402, 401-402 
Marble bone, 1321 
Martan’s syndrome, 137, 137~138, 1323 
mitral valve prolapse in, 577 
Margination, leukocvtic, 42. 46, 46-47 
Marie-Striimpell disease, 1355 
Marijuana, 456-457 
Maroteaux-Lamy syndrome, 149t 
Marrow. See Bone marrow. 
Mast cells, anaphylaxis and, 164, 164-165 
Mastitis, 1167 


Martitis (Continued) 
periductal, 1167-1168, 1168 
plasma cell, 1167-1168, 1168 
Mastocytoma, solitary, 127] 
Mastocytosis, 1271 
systemic, 127] 
Max Joseph spaces, 1290 
Mazzotti reaction, 383 
McArdle’s disease, 153t 
Measles, 282, 282-283 
German, 283 
Mechanical violence, 459 
Meckel’s diverticulum, 830, 830 
Meconium ileus, in cystic fibrosis, 494 
Medial calcific sclerosis, 518, 519 
Mediastinopericarditis, adhesive, 604 
Mediastinum, tumor of, 756-757, 757t 
Mediterranean fever, familial, 199 
Medullary carcinoma, of thyroid, 1222-1223, 
1223 
Medullary cystic disease, uremic, 1001, 1001 
Medullary reticulosis, histiocytic, 686 
Medullary sponge kidney, 1001 
Medu!loblastoma, 1406-1407, 1407 
Megacolon, 855, 855-856 
Megalencephaly, 1426 
Megaloblast, in pernicious anemia, 633, 634 
Megaloblastic anemia, 630-635, 631t 
folic acid deficiency in, 417-418 
vitamin B,, deficiency in, 418-419 
Megaloureter, 1063 
Megamitochondria, 27-28, 28 
Meigs’ syndrome, 1153 
Melanin, 23-24, 24 
Melanoameloblastoma, 788 
Melanocarcinoma, of colon, 874 
ultraviolet rays in, 24] 
Melanocyte, 1258, 1259 
Melanoma, 216 
lentigo maligna, 1280, 1280-1281 
malignant, 1279-1282, 1279-1282 
acral-lentiginous, 1280-1281, 1281 
levels of, 1281 
mole vs, 1278, 1278-1279 
nodular, 1281, 1282 
of breast, 24, 24 
of vulva, 1119 
superficial spreading, 1280, 1280 
Melanosis coli, 858 
Melanotic neuroectodermal tumor of infancy, 
788 
Melasma, 1273-1274 
Melioidosis, 331-332 
Membrane skeleton, defects in, 28-29, 29 
red cell, 29 
Membranoproliferative | glomerulonephritis, 
1016-1018, 1017-1018 
Membranous glomerulonephritis, 1012-1014, 
1013 
Membranous inflammation, 67-68, 68 
Membranous nephropathy, 1012-1014, 1013 
MEN syndrome, 988, 988t, 1244 
MEN type I[b, 1244-1245 
Menadione, 412 
Menaquinone, 412 
Mendelian disorders, 134-154 
autosomal dominant, 136-141 
autosomal recessive, 141-152 
biochemical basis of, 135, 135-136 
codominance in, 135 
drug reactions in, 136 
enzyme defects in, 135, 135-136 
nonenzyme protein alterations in, 136 


Mendelian disorders (Continued) 
penetrance in, 134 
pleiotropism in, 135 
polymorphism in, 135 
receptor and transport system defects in, 
136 
sex-linked (X-linked), 152-154 
variable expressivity in, 134 
Ménétrier’s disease, 813 
Meningioma, 1407-1409, 1408 
chromosomal defect in, 233 
Meningitic neurosyphilis, 1381 
Meningitis, 1378-1380 
acute lymphocytic, 1379 
acute pyogenic, 1378-1379, 1379 
benign recurrent (Mollaret), 1384 
chronic, 1379-1380 
cryptococcal, 1380 
pneumococcal, 308 
tuberculous, 344, 345, 1379-1380 
Meningococcal infection, 308-309, 309 
Meningoencephalitis, amebic, 363-364 
Meningoencephalocele, 1426 
Menke’s kinky hair disease, 424 
Menke’s syndrome, 138 
Menstrual cycle, anovulatory, 1132-1133 
endometrial changes in, 1110-1113, 11J11- 
1112 
functional disorders of, 1132-1133, 1133t 
inadequate luteal phase in, 1133 
irregular shedding in, 1133 
Mercuric chloride poisoning, 10 
Mercury poisoning, 452-453 
Merkel cell, 1258, 1259 
Mesangiocapillary glomerulonephritis, 1016 
Mesangium, 992, 993-994 
Mesencephalon, degenerative diseases of, 
1416-1418 
Mesenchymoma, 271-272 
Mesenteric cyst, 879 
Mesodermal tumor, mixed, endometrial, 
1140 
Mesothelioma, 760-761, 760-761 
Metabolic acidosis, in renal failure, 996 
Metabolism, inborn errors of, 490-493, 1423— 
1425 
Metaplasia, cellular, 33, 33-34 
Metastasis, 225-229, 226-228 
distribution of, 229 
events involved in, 227-229, 228 
hematogenous spread in, 227, 227 
lymphatic spread in, 226, 226-227 
pathways of, 226-227, 226-227 
seeding of body cavities and surfaces in, 
226 
skip, 226 
to central nervous system, 1410 
to jaw, 788 
to liver, 939-940 
to lung, 757, 757 
to ovary, 1155, 1155 
to skin, 1273, 1273 
to stomach, 827 
transplantation in, 226 
Methyl alcohol, adverse effects of, 449-450 
Michaelis-Gutmann body, 1069, 1070 
Microangiopathic hemolytic anemia, 1048, 
1048-1049 
Microangiopathy, in diabetes mellitus, 983 
Microcephaly vera, 1426 
Micrococcus pyogenes, 302 
Microglia, 1374 
Micropinocytotic vesicles, 43 


Micropolygyria, 1426 
Microsporum canis, 1300 
Midsystolic click syndrome, 576 
Migratory phlebitis, 537 
Mikulicz cells, 339 
Mikulicz’s syndrome, 190, 392 
Miliary dissemination, 344, 345 
Milk leg, 98, 537 
Milroy’s disease, 87, 538 
Minerals, 422-424 
Minimal change disease, 1014 
Mitochondria, alterations in, 27-28, 28 
cellular injury and, 13 
dysfunction of, 8-9 
myopathy and, 1310t 
Mitral annulus, calcification of, 579 
Mitral valve, in rheumatic heart disease, 573, 
574-575 
infective endocarditis of, 582, 583 
prolapse of, 576-578, 577 
Mixed connective tissue disease, 195 
Mixed mesenchymal tumor, 271 
Mixed mesodermal tumor, 271 
Mole, 1275-1278, 1275-1279 
melanoma vs, 1278, 1278-1279 
Molluscum bodies, 1299, 1299 
Molluscum contagiosum, 1298-1299, 1299 
Monckeberg’s arteriosclerosis, 518, 519 
Monilial esophagitis, 801 
Monilial vaginitis, 1120 
Monoclonal antibody, 159 
Monoclonal gammopathy, peripheral neurop- 
athy with, 1432 
of undetermined significance, 694 
Monocyte, 59, 59, 59t 
chemotactic substances for, 49 
chronic inflammation and, 63 
inflammation and, 56 
Mononeuropathy, in diabetes mellitus, 985 
Mononuclear phagocyte system, 58-61, 59, 
59t-60t 
Mononucleosis, infectious, 288-290 
Morphea, 193 
Morquio syndrome, 149t 
Mosaicism, 124 
Motor neuron, degenerative diseases of, 
1419-1420 
Mott cell, 370 
Mui-chain disease, 694 
Mucinous tumor, of ovary, 1146, 1147 
Mucocele, 782 
of appendix, 876, 876-877 
Mucociliary inhibitors, 494 
Mucocutaneous lymph node syndrome, 291- 
292, 526 
Mucoepidermoid tumor, of salivary glands, 
793, 793 
Mucopolysaccharidoses, 148t—149t, 150, 1323 
Mucormycosis, 354, 354 
Mucous cyst, 782 
Mucous membrane pemphigoid, 780 
Mucoviscidosis, 493-495, 494 
Miillerian ducts, 1109 
Multi-X females, 131t, 133 
Multifactorial inheritance, 118 
disorders of, 154-155 
Multiple endocrine neoplasia syndrome, 988, 
988t 
Multiple myeloma, 689-692 
Multiple sclerosis, 1410-1412, 1411 
Mumps, 281 
testicular involvement in, 1089, 1089 
Munro's microabscess, 1292, 1293 
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Murine typhus, 298 
Muscle, 1304-1317 
atrophy of, 1306 
cardiac, regeneration of, 71, 71 
congenital myopathies of, 1310, 1310t 
dystrophies of, 1308-1310, 1308t 
hypertrophy of, 31-32 
inflammatory diseases of, 1307 
microbiologic injuries to, 1307-1308 
myofiber disfiguration changes in, 1307 
myofiber volumetric changes in, 1307 
normal, 1304-1305, 1305 
reactions to injury of, 1306-1307 
segmental necrosis of, 1306-1307 
smooth, regeneration of, 70-71 
striated, polymyositis-dermatomyositis 
and, 194, 194 
regeneration of, 71 
tumor and tumor-like lesions of, 1312-1317 
Muscular dystrophy, 1308-1310, 1308t 
Becker, 1310 
Duchenne (pseudohypertrophic), 1309, 
1309 
myotonic, 1310 
Musculoaponeurotic fibromatosis, 1313 
Musculoskeletal system, 1304-1369. See also 
individual parts. 
scleroderma and, 192 
Mushroom poisoning, 452 
Mutation, 122-123 
Myasthenia gravis, 1310-1312, 1312 
antireceptor antibodies in, 180 
Mycetoma, 359-360 
Mycobacteria, 340-349 
atypical, 346-347 
Mycobacterial disease, 300-350, 303t. See 
also individual types. 
Mycobacterium avium-intracellulare, 346 
Mycobacterium chelonei, 346 
Mycobacterium fortuitum, 346 
Mycobacterium kansasii, 346 
Mycobacterium leprae, 347 
Mycobacterium marinum, 346 
Mycobacterium scrofulaceum, 346 
Mycobacterium tuberculosis, 341 
Mycobacterium tuberculosis hominis, 341- 
342 
Mycobacterium ulcerans, 346 
Mycoplasma diseases, 300 
Mycoplasma pneumoniae, 280, 300 
Mycosis fungoides, 1271-1272, 1272 
Mycotic aneurysm, 528 
Myelin figures, 6—7 
Myelinolysis, central pontine, 1422 
Myeloid metaplasia, 641 
agnogenic, 686-688, 687 
with myelofibrosis, 686-688, 687 
Myeloma, multiple, 689-692 
bone lesions in, 690 
clinical course in, 691-692 
glomerular disease in, 1025-1026 
morphology in, 690-691, 690-691 
pathogenesis of, 689 
renal involvement in, 690-691, 1040 
Russell bodies in, 690 
plasma cell, 689-692 
solitary, 692 
Mveloma kidney, 1040 
Myeloma nephrosis, 690-691, 691 
Myeloperoxidase deficiency, 51 
Myeloperoxidase-independent killing, 50 
Myelophthisic anemia, 640 
Myeloproliferative syndrome, 641 
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Myoblastoma, granular cell, 1316 
Myocardial depressant factor, 114 
Myocardial disease, 592-602 
Myocardial infarction, 111, 556-566 
atrial, 559 
clinical course in, 564-566, 566 
contraction band necrosis in, 561-562, 562 
coronary artery narrowing in, frequency of, 
509 
epidemiology in, 557 
fibrinous pericarditis in, 560 
histopathologic changes in, 560-561, 561- 
562 
in ischemic heart disease, 552 
incidence of, 556-557 
left ventricular, 559 
morphology of, 559-564, 560-563, 563t 
papillary muscle damage in, 560 
paradoxic (at a distance), 559 
pathogenesis of, 557-559 
possible consequences of, 556-557 
progressive, 559 
right ventricular, 559 
rupture of infarct in, 560 
subendocardial, 557, 562-564, 563 
thrombosis in, 558-559 
time span for necrosis in, 559-560, 560 
transmural, 557-558, 559-562, 560-562 
wavefront phenomenon in, 564 
wavy fibers in, 560-561, 561 
Myocarditis, 593-596, 594t, 595 
Fiedler’s, 595-596 
giant cell, 595, 595-596 
in Chagas’ disease, 595, 595 
lymphocytic, 594, 595 
Myocardium, fibrosis of, 71, 71 
Myofiber, disfigurative changes in, 1307 
volumetric changes in, 1307 
Myofibroblast, 72 
Myonecrosis, clostridial, 326 
Myopathy, centronuclear (myotubular), 1310t 
congenital, 1310, 1310t 
mitochondrial, 1310t 
nemaline (rod body), 1310t 
Myosin, 28t 
Myositis, typical adult, 193 
Myositis ossificans, traumatic, 1312 
Myotonic dystrophy, 1310 
Myxedema, 1205-1206 
Myxedema heart, 1206 
Myxoid liposarcoma, 270-271, 271 
Myxoma, 270 
of heart, 605-606, 605-606 


Nabothian cyst, 1122 
Naegleria fowleri, 363 
Narcotic lung, 457-458, 458 
Nasal cavity, 763-764 
carcinoma of, 764 
plasmacytoma of, 764 
polyp of, 763 
tumors of, 764 
Nasopharyngeal angiofibroma, 764 
Necator americanus, 376 
Neck cell, 806 
Necrosis, 14-17, 16-17 
acute tubular, 1026-1029, 1027-1028 
caseous, 17, 17 
cellular, 2 
coagulation, 15, 16 
cystic medial, 534, 535 


Necrosis (Continued) 
enzymatic, 15-17, 16 
fat, of breast, 1168, 1169 
fibrinoid, 169, 169 
gangrenous, 17, 17 
liquefaction, 15, 16 
liver, centrilobular, 90, 897-898 
hemorrhagic, 19, 90, 897-898 
submassive-to-massive, 909-910, 910- 
911 
liver cell, 12, 12, 12t 
pancreatic, 15, 16 
papillary, of kidney, 1025, 1033, 1033, 
1037, 1037 
postpartum pituitary, 1198, 1198 
radiation, of brain, 1422 
segmental, of muscle, 1306-1307 
subendocardial ischemic, 562 
Necrotizing arteriolitis, 519 
Necrotizing enterocolitis, 485 
Necrotizing inflammation, 277 
Necrotizing sialometaplasia, 795 
Necrotizing vasculitis, in lupus erythematosus 
183-184, 184 
in rheumatoid arthritis, 1353 
noninfectious, 195 
Negri bodies, 1384 
Neisseria gonorrhoeae, 309-310 
Neisseria meningitidis, 308-309 
Nelson’s syndrome, 1240 
Nemaline (rod body) myopathy, 1310t 
Neonate. See Infant, newborn. 
Neoplasia, 214-272. See also individual types; 
Tumor. 
adverse effects on host of, 254 
benign, characteristics of, 218-229 
carcinogenesis in, 236-248. See also Car- 
cinogenesis. 
chromosomal defect in, 232t 
clinical aspects of, 254~272 
definitions in, 214 
genetics in, 155-157 
host immunity in, 258-260, 259 
malignant, characteristics of, 218-229 
nomenclature in, 214-218, 215-216, 217t 
tumor-host interaction, 254-260 
Neovascularization, 72 
Nephritis, analgesic, 1037, 1037-1038 
anti-glomerular basement membrane, 
1004, 1004 
circulating immune complex, 1005-1006 
hereditary, 1026, 1026 
lupus, 184-185, 185-186, 1021-1022 
radiation, 1041 
serum sickness, 1005 
tubulointerstitial, drug-induced, 1036, 
1036-1037 
hypersensitivity, 1036, 1036-1037 
Nephroblastoma, 1056-1057, 1057 
Nephrocalcinosis, 1039 
Nephrolithiasis, 1039, 1053, 1054 
Nephronophthisis—uremic medullary cystic 
disease complex, 1001, 1001-1002 
Nephropathy, analgesic abuse, 1037, 1037- 
1038 
Balkan, 1041 
diabetic, 1022-1025, 1023 
gouty, 1038 
hypokalemic, 1039, 1039 
IgA, 1019, 1019 
light-chain, 1026 
membranous, 1012-1014, 1013 
reflux, 1034 


Nephropathy (Continued) 
sickle cell, 1049-1050 
urate, 1038, 1038-1039 
uric acid, 1038 
Nephrosclerosis, benign hypertension in, 
1045, 1045-1046 
malignant hypertension in, 1046, 1046— 
1047 
Nephrosis, hemoglobinuric, 1027 
lipoid, 1007, 1014-1015, 1015 
myeloma, 690-691, 691 
Nephrotic syndrome, 1011-1018 
clinical manifestations of, 1011-1012 
focal segmental glomerulosclerosis in, 
1015-1016, 1015-1016 
lipoid nephrosis in, 1014-1015, 1015 
membranoproliferative glomerulonephritis 
in, 1016-1018, 1017-1018 
membranous glomerulonephritis in, 1012- 
1014, 1013 
paraneoplastic, 257 
renal causes of, 1012t 
Nervous system, 1370-1436. See also individ- 
ual disorders. 
alcohol-related conditions of, 1421-1422 
degenerative diseases of, 1414-1420 
demyelinating diseases of, 1410-1413 
developmental diseases and malformations 
of, 1425-1428 
environmental disorders of, 1421-1422 
hypoxia, ischemia, and infarction of, 1388- 
1391 
iatrogenic disease of, 1377-1378, 1377t 
in leukemia, 683 
in lupus erythematosus, 187 
in mononucleosis, 289 
in syphilis, 337 
in viral disease, 291 
infections of, 1378-1388 
localization of function in, 1371 
lymphoma of, 1409 
metastasis to, 1410 
neuroglia in, 1373-1374 
neurons of, 1371-1372 
normal, 1371-1374 
nutritional deficiency disorders of, 1420- 
1421 
pathophysiologic complications of, 1374— 
1377 
radiation injury to, 469 
selective vulnerability of, 1371 
special stains for, 1374, 1374t 
thiamine deficiency and, 413-414 
trauma to, 1395-1399 
tumors of, 1399-1410 
vascular disease of, 1388-1395 
Neurilemmoma, 1432-1433 
Neuroblastoma, adrenal, 498, 499 
cerebral, 1406 
Hutchinson-type, 1247 
of adrenal medulla, 1247, 1247-1248 
olfactory, 764 
spontaneous regression of, 500 
Neurofibrillary tangle, 28, 1372, 1372 
Neurofibroma, 1432-1433 
Neurofibromatosis, 138-139 
Neurofilament, 28t 
Neuroglia, 1373-1374 
Neuroglial tumor, 1401-1406 
Neuromyopathy, paraneoplastic, 256t, 257 
Neuron, 1371-1372 
atrophy of, 1372 
ischemic cell change in, 1372 


Neuron (Continued) 
red, 1372 
regeneration of, 71 
storage in, 1372 
transsynaptic degeneration of, 1372 
Neuronal storage disease, 1423 
Neuronophagia, 1374 
Neuropathy, hypertrophic, 1430 
in diabetes mellitus, 984-985, 1431-1432 
peripheral, 984-985, 1431 
Neurosyphilis, 1381 
meningitic, 1381 
paretic, 1381 
Neutropenia, 654-655 
Neutrophil, lysosomal granules in, 56 
Neutrophil chemotactic factor, 165 
Neutrophilia, inflammation and, 69 
Nevocellular nevus, 1275-1278, 1275-1279 
Nevus, blue, 1277, 1277 
blue rubber bleb, 1269 
cellular blue, 1277, 1277 
halo, 1277, 1277-1278 
nevocellular, 1275-1278, 1275-1279 
pigmented, 1275-1278, 1275-1279 
Spitz, 1277, 1278 
white sponge, 780 
Nevus flammeus, 541, 1269, 1269-1270 
oculomeningeal, 1269 
osteohypertrophic, 1269 
Nevus sebaceus, 1264, 1264 
Nevus spilus, 1275, 1275 
Newborn. See Infant, newborn. 
Niacin deficiency, 415-416, 416 
Niemann-Pick disease, 145-146, 146 
Nil lesion, 1014 
Nipple, adenoma of, 1178 
inversion of, 1167 
supernumerary, 1167 
Nitrosamine, carcinogenesis and, 238 
NK cell, 160 | 
antitumor, 258 
Nocardia brasiliensis, 360 
Nocardiosis, 349 
Nocturnal hemoglobinuria, paroxysmal, 627— 
628, 628 
Nodular (pseudosarcomatous) fasciitis, 1313- 
1314, 1314 
Nodular hyperplasia, of liver, 934 
Nodular panniculitis, febrile, 1288-1289 
Nodular sclerosis, 671, 672 
Nodular subepidermal fibrosis, 1267-1268, 
1268 
Nodules, rheumatoid, 1352, 1353 
Non-Burkitt’s lymphoma, 662 
Non-Hodgkin's lymphoma, 658-670. See also 
Lymphoma, non-Hodgkin's. 
Nondisjunction, 123 
Null cell, 160 
Nutmeg liver, 90, 90 
Nutrition, wound healing and, 80 
Nutritional disease, 399-429. See also indi- 
vidual types. 
Nutritional excesses and imbalances, 424-427 


Obesity, 5, 424426 
adult-onset diabetes and, 425 
cancer and, 426 
cholelithiasis and, 425 
definition of, 424 
diabetes mellitus and, 977 
excess mortality due to, 425 


Obesity (Continued) 
hyperlipoproteinemia and, 425 
hypertension and, 425 
hypoventilation syndrome and, 425 
ischemic heart disease and, 425, 508 
osteoarthritis and, 426 
stroke and, 425-426 

Obliterative endarteritis, 529 

Ochronosis, 24, 142 

Oculomeningeal nevus flammeus, 1269 

Odontogenic adenomatoid tumor, 788 

Odontogenic developmental cyst, 786 

Odontogenic infection, 771-774 

Odontogenic tumor, 786-788, 787 

Odontoma, 785, 786-788, 787 

OKT cell, 159 

Olfactory neuroblastoma, 764 

Oligodendrocyte, 1374 

Oligodendroglioma, 1403-1404, 1404 

Oligohydramnios syndrome, 482 

Oligomeganephronia, 998 

Olivopontocerebellar atrophy, 1418-1419 

Ollier’s disease, 1323 

Onchocerca volvulus, 382-383, 383 

Onchocerciasis, 382-383, 383 

Oncocytoma, of kidney, 1054 

Oncofetal antigen, 268 

Oncogene, 231, 246 

Oncogenic virus, 243--247, 244t--245t 
DNA, 244-246, 245t 
mechanisms of action of, 246, 246-247 
RNA, 243-244, 244t 

Oncornavirus, 243 

Oncotic pressure, edema and, 86 

Onion-bulb formation, 1430 

Onionskin lesions, 183-184, 184, 1046, 1046 

Onychomycosis, 360, 1300 

Opisthorchiasis, 386-387 

Opisthorchis felineus, 386 

Opisthorchis sinensis, cirrhosis and, 933 

Opisthorchis viverrini, 386 

Oral contraceptives, adverse effects of, 446— 

448, 447 

endometrium and, 1134-1135 

Oral mucosa, autoimmune disease of, 780, 

782 

bacterial infections of, 775, 775-776 

benign tumors of, 782-783 

candidiasis of, 353, 777, 777 

developmental malformations of, 774-775, 
775 

disease of, 774-784 

drug reactions of, 780, 782 

epidermoid carcinoma of, 783-784, 784 

genetic disease of, 780-782 

in erythema multiforme, 780, 782 

in pemphigus, 780, 782 

keratotic disease of, 777-780, 779 

leprosy of, 776 

leukoplakia of, 780, 781 

malignant tumors of, 783-784, 784 

mycotic infection of, 777, 777 

syphilis of, 776 

systemic disease and metabolic disease of, 
784, 785 

thrush of, 353 

traumatic lesions of, 775 

tuberculosis of, 776 

tumor-like lesions of, 782, 783 

viral infection of, 776, 776-777 

Orchitis, 1088-1089 
granulomatous (autoimmune), 1089 
mumps, 1089 
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Organophosphorous insecticide, 451 
Ornithosis, 293 
Oroya fever, 340 
Orthopnea, 550 
Osler-Weber-Rendu disease, 542 
Osmotic pressure, edema and, 86 
Ossification, endochondral, 409 
intramembranous, 408—409 
Osteitis deformans, 1331--1333, 1332 
Osteitis fibrosa cystica, 1227 
Osteitis fibrosa cystica generalisata, 1329- 
1330, 1330 
Osteoarthritis, 1349-1351, 1351 
obesity and, 426 
Osteoarthropathy, hypertrophic, 1333 
Osteoblast, 1317, 1318 
Osteoblastoma, 1336-1337, 1337 
Osteochondritis, syphilitic, 1825 
Osteochondroma, 1341 
Osteochondromatosis, 1321-1323, 1322 
Osteoclast, 1317, 1318 
Osteoclastoma, 1345-1347, 1346-1347 
Osteocyte, 1317, 1318 
Osteodystrophy, renal, 997, 1330 
Osteogenesis imperfecta, 1320-1321 
Osteogenic sarcoma, 1337-1340, 1339-1340 
Osteohypertrophic nevus flammeus, 1269 
Osteoid, 409, 1318 
Osteoid osteoma, 1336-1337, 1337 
Osteoma, 1336, 1337 
Osteomalacia, 406, 1327, 1329 
drug-induced, 408 
morphology of, 409-411 
Osteomyelitis, Garré’s sclerosing, 1324 
of jaw, 785 
pyogenic, 1323-1325, 1324 
tuberculous, 1325 
Osteon, 1318 
Osteopenia, 1327 
Osteopetrosis, 132] 
Osteoporosis, 1327-1329 
Osteosarcoma, 1337-1340, 1339-1340 
extraskeletal, 1340 
intracortical, 1339-1340 
periosteal, 1339 
secondary, 1340 
telangiectatic, 1339 
Osteosclerosis, 132] 
Otomycosis, 360 
Ovary, 1142-1155 
androblastoma of, 1154, 1154 
arrhenoblastoma of, 1154, 1154 
Brenner tumor of, 1148, 1148 
choriocarcinoma of, 1151-1152 
clear cell adenocarcinoma of, 1146-1148 
cystadenocarcinoma of, 1144-1146, 1145 
cystadenofibroma of, 1148 
dermoid cyst of, 1149-1151, 1149-1151 
dvsgerminoma of, 115] 
embryogenesis of, 1109 
endodermal sinus (yolk sac) tumor of, 1151 
endometroid tumor of, 1146 
fibroma of, 1153, 1153 
follicular and luteal cysts of, 1142, 1142 
germ cell tumors of, 1149-1152 
gonadoblastoma of, 1154 
granulosa-theca cell tumor of, 1152-1153. 
1152-1153 
hilus cell tumor of, 1154 
histology of, 1109-1110 
Krukenberg tumor of, 824-825, 1155, 1155 
lipid cell tumor of, 1154 
measurements of, 1109 
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Ovary (Continued) 
metastatic tumor of, 1155, 1155 
mucinous tumor of, 1146, 1147 
polycystic, 1142-1143 
pregnancy luteoma of, 1154 
serous tumor of, 1144-1146, 1145 
Sertoli-Leydig cell tumors of, 1154, 1154 
sex cord—stromal tumor of, 1152-1155 
streak, 133 
stromal luteoma of, 1154 
teratoma of, 1149-1151, 1149-1151 
tumors of, 1143-1155, 1143t 
epithelial, 1144-1149 
torsion of, .1225 
Oxygen toxicity, 13 
Oxyntic gland, cellular structure of, 807 
Oxyuriasis, 376, 377 
Ozena, 339 


PAF (platelet activating factor), 57 
Paget's disease, of breast, 1181-1184, 1185 
of jaw, 788-789 
of vulva, 1118-1119, 1119 
Palate, cleft, 785, 785 
Palmar fibromatosis, 1313 
Pancoast’s tumor, 755 
Pancreas, adenocarcinoma of, 969, 971 
agonal changes in, 963 
annular, 961 
apoplexy of, 963 
atrophy of, 962, 962-963 
carcinoid tumor of, 989 
carcinoma of, 968-972, 970-971 
congenital anomalies of, 961-962 
cyst of, 968 
congenital, 968 
neoplastic, 968 
cystadenocarcinoma of, 968 
cystadenoma of, 968 
cystic fibrosis of, 494, 494 
ductal anomalies of, 962 
endocrine, 972-989. See also Diabetes mel- 
litus. 
exocrine, 960—972 
in hemochromatosis, 927 
islet cell adenoma of, 986-987, 987 
multihormonal tumors of, 989 
necrosis of, 15, 16 
pancreatitis of, 963-967 
protein secretion pathway of, 961 
pseudocysts of, 968, 969 
regressive changes of, 962-963 
shock, 963 
squamous metaplasia of duct of, 967, 967 
stromal fatty infiltration or fatty ingrowth 
of, 962 
tumor of, 967 
Pancreatic rests, 830-831 
Pancreatitis, 963-967 
acute hemorrhagic, 963-966, 964-966 
chronic, 966-967, 967 
chronic calcifying, 966-967, 967 
chronic obstructive, 967 
chronic relapsing, 966 
familial hereditary, 966 
idiopathic, 963 
nonalcoholic tropical, 966 
peritonitis and, 878 
Panencephalitis, subacute sclerosing, 1385 
Paneth cells, 828 
Panniculitis, 1288-1289 
relapsing febrile nodular, 1288-1289 


Papillary carcinoma, of bladder, 1073-1074 
Papillary cystadenoma, 215, 215 
Papillary hidradenoma, of vulva, 1117-1118 
Papillary muscle, in myocardial infarction, 
560 
Papillary necrosis of kidney, in analgesic ne- 
phritis, 1037, 1037 
in diabetic nephropathy, 1025 
in pyelonephritis, 1032-1033, 1033 
Papilloma, 215 
intraductal, 1177-1178, 1178 
of cervix, 1129 
of choroid plexus, 1405-1406 
of gallbladder, 951-952 
of larynx, 762 
of urinary bladder, 1070-1071, 1071 
squamous, of vulva, 1116 
Papilloma virus, 244, 245t 
Papillomatosis, of breast, 1174, 1174 
Papovavirus, 244, 245t 
Papular hyperkeratosis, 404 
Papulosis, Bowenoid, 1267, 1267 
lymphomatoid, 1291 
Paracoccidioides brasiliensis, 357 
Paracoccidioidomycosis, 357 
Paracortical lymphoid hyperplasia, 656 
Paraganglioma, 1248 
Paragonimiasis, 387-388 
Paragonimus westermani, 387 
Paralysis agitans, 1417 
Paraneoplastic syndrome, 255-257, 256t, 257 
acanthosis nigricans in, 256t, 257 
clubbing of fingers and osteoarthropathy 
in, 257 
endocrinopathies in, 256-257, 256t, 257 
hypercalcemia in, 256t, 257 
neuromyopathic, 256t, 257 
renal dysfunction in, 257 
vascular and hematologic manifestations of, 
257; 257 
Paraphimosis, 1082 
Parapsoriasis, 1293 
guttate, 1293 
Parapsoriasis en plaque, 1293 
Paraquat, 13 
Parasites, infectious disease and, 274~275, 
275t 
Parathyroid, adenoma of, 1227-1228, 1228 
carcinoma of, 1228-1229 
normal, 1225-1226 
primary hyperparathyroidism of, 1226— 
1229 
primary hyperplasia of, 1229, 1229 
pseudo- and _ pseudopseudohypoparathy- 
roidism of, 1231 
secondary hyperparathyroidism of, 1229- 
1230, 1230 
Parenchymal regeneration, connective tissue 
scarring and, 73 
Parkinsonism, 1417-1418 
postencephalitic, 1385 
Paronychia, 305 
Parotid gland, pleomorphic adenoma of, 790, 
79] 
Parotitis, postsurgical, 789 
Parovarian cyst, 1141 
Paroxysmal cardiac dyspnea, 550 
Paroxysmal cold hemoglobinuria, 629 
Paroxysmal nocturnal dyspnea, 550 
Paroxysmal nocturnal hemoglobinuria, 627-— 
628, 628 
Parvovirus, 281-282 
Pasteurella pestis, 328-329 
Patau’s syndrome, 127t, 129 


Patent ductus arteriosus, 485, 588-589 
Paterson-Kelly syndrome, 799 
Pautrier’s microabscesses, 1272, 1272 
Pavementing, 46, 47 
Pediculosis, 1301 
Peliosis hepatitis, 915 
Pellagra, 415-416, 416 
Pelvic inflammatory disease, 1114 
fallopian tubes in, 1141, 1141 
Pemphigoid, bullous, 1295, 1296 
mucous membrane, 780 
Pemphigus, 1294-1295, 1294-1295 
oral mucosa in, 780, 782 
Pemphigus foliaceus, 1294, 1295 
Pemphigus vulgaris, 1294-1295, 1295 
Penetrance, mendelian, 134 
Penis, 1081-1086 
balanoposthitis of, 1082, 1083 
Bowen's disease of, 1085-1086 
bowenoid papulosis of, 1085 
carcinoma of, 1084, 1084 
condyloma acuminatum of, 1083, 1083- 
1084 
erythroplasia of Queyrat of, 1085 
giant condyloma of, 1083 
hypospadias and epispadias of, 1082 
normal, 1081 
phimosis of, 1082 
premalignant lesions of, 1085, 1085 
pseudoepitheliomatous hyperplasia of, 
1085 
tumor of, 1082—1086 
Pepper-type syndrome, 1248 
Peptic ulcer, 814-820, 815, 818-819 
clinical course in, 818-820 
morphology in, 817-818, 818-819 
Periapical disease, 772-773, 772-773 
Periapical granuloma, 772 
Pericardial disease, 602-605 
Pericardial effusion, 85, 602 
Pericarditis, 602-605, 603t 
acute, 603-604 
bread and butter, 66, 66, 573, 573 
caseous, 604 
chronic or healed, 604-605 
constrictive, 604-605 
fibrinous,560, 603 
hemorrhagic, 604 
lupus erythematosus and, 187 
purulent or suppurative, 603-604 
serofibrinous, 603 
serous, 603 
uremic, 997 
Pericholangitis, 910-911 
Periductal mastitis, 1167-1168, 1168 
Perinephric abscess, 1033 
Periodontal disease, 773-774, 773-774 
Periodontitis, 774, 774 
Peripheral neuropathy, diphtheritic, 1431 
in diabetes mellitus, 984~-985 
Peritoneum, 877-879 
inflammation of, 877-878 
mesenteric cyst of, 879 
sclerosing retroperitonitis of, 878-879 
tumors of, 879 
Peritonitis, 877—878 
bacterial, 878 
bile in, 877-878 
pancreatic enzymes in, 878 
pneumococcal, 308 
sterile, 877-878 
talcum powder, 878 
Perivenous encephalomyelitis, 1412—1413 
Pernicious anemia, 631-634, 632, 634 


Petechiae, 90 
Peutz-Jeghers syndrome, 868 
pH, bactericide and, 50 
Phagocytosis, 26, 49-51 
engulfment in, 49-50 
frustrated, 51 
killing and/or degradation in, 50-51 
oxygen-dependent bactericidal mecha- 
nisms in, 50 
oxygen-independent bactericidal mecha- 
nisms in, 50 
recognition and attachment in, 49 
steps in, 49 
Phagolysosomes, 21, 21f, 26 
Phagosomes, 26 
Pharmacogenetics, 136 
Phenacetin, 446 
Phenobarbital, 27, 27 
Phenylalanine hydroxylase system, 490, 490 
Phenylketonuria, 490, 490-491 
Pheochromocytoma, 1244-1247, 1245-1246 
Philadelphia chromosome, 232, 677 
Phimosis, 1082 
Phlebosclerosis, 536 
Phlebothrombosis, 99, 102, 536-537 
Phlegmasia alba dolens, 98, 308, 537 
Phlegmasia cerulea, 308 
Phlegmon, 307 
Phorbol ester, 239 
Phrygian cap, 944 
Phylloquinone, 412 
Pick bodies, 1416 
Pick’s disease, 1416 
Pickwickian syndrome, 425 
Piedra, 360 
Pigeon breeders’ lung, 744 
Pigeon-breast deformity, 410 
Pigment, endogenous, 23-26, 24f-25f 
exogenous, 23, 23f 
hemosiderin as, 24-25, 25 
intracellular, 22-26, 23f-25f 
lipofuscin as, 23, 24f 
melanin as, 23-24, 24 
Pigment cirrhosis, 924-928. See also Hemo- 
chromatosis 
Pigmentation, bilirubin as, 25—26 
disorders of, 1273-1274 
hematin as, 25 
Pilar cyst, 1263 
Pilomatrixoma, 1264 
Pineal gland, 1253-1254 
Pinealoma, 1253-1254 
Pineoblastoma, 1253 
Pineocytoma, 1253 
Pink puffers, 723 
Pinocytosis, 26 
Pinta, 338 
Pinworm, 376, 377 
Pipe-stem fibrosis, 389, 389 
Pitting edema, 87, 88 
Pituitary, 1192-1200 
adenoma of, 1194-1195, 1194-1196 
carcinoma of, 1195 
Crooke’s hyaline degeneration of basophils 
of, 1239 
cytologic details of, 1193t 
hyperpituitarism of, 1194-1196, 1194-1196 
hyperprolactinemia and, 1195-1196 
hypopituitarism of, 1196-1200 
in toxemia of pregnancy, 1156 
nonsecretory (chromophobe) adenoma of, 
1198 
normal, 1192-1193 
posterior, syndromes of, 1199-1200 


Pituitary (Continued) 
postpartum necrosis of, 1198, 1198 
sarcoidosis of, 1197 
Pituitary apoplexy, 1194 
Pituitary Cushing’s syndrome, 1196, 1238 
Pituitary dwarfism, 1197 
Pityriasis lichenoides et varioliformis acuta, 
1291, 1291 
Pityriasis rosea, 1291 
Placenta, bacterial infections of, 1157 
diseases of, 1155-1162. See also individual 
types. 
in erythroblastosis fetalis, 488, 489 
in toxemia of pregnancy, 1156, 1156 
inflammation of, 1157 
syphilis of, 1157 
tuberculous infections of, 1157 
Placental insufficiency, 476 
Placentitis, 1157 
Plague, 328-329, 329 
Plaque, atheromatous, 509-511, 509-512 
dental, 770-771, 773, 773 
Plasma cell, chronic inflammation and, 63 
Plasma cell dyscrasia, 688-694 
Plasma cell mastitis, 1167-1168, 1168 
Plasma cell myeloma, 689-692 
Plasmacytoma, 692 
of nasal cavity and sinuses, 764 
Plasmin, in inflammation, 54 
Plasmodium falciparum, 366-369, 368 
Plasmodium malariae, 366-367 
Plasmodium ovale, 366-367 
Plasmodium vivax, 366-367 
Platelet, adhesion, 93, 93-94 
aggregation, 94 
in hemorrhagic diathesis, 646-647 
in hemostasis, 93, 93-94, 95 
secretion by, 94 
Platelet activating factor (PAF), 57, 165 
Platelet-derived growth factor (PDGF), 76, 
516 
Pleiotropism, mendelian, 135 
Pleura, 757-761 
inflammation of, 758 
tumors of, 759-761 
Pleural effusion, 757 
noninflammatory, 758-759 
Pleuritis, hemorrhagic, 758 
rheumatic, 574 
serofibrinous, 758 
suppurative, 758 
Pleuropneumonia-like organisms, 300 
PLEVA, 1291, 1291] 
Plexiform lesion, 714 
Plummer-Vinson syndrome, 637, 799 
Pneumococcal infection, 308 
Pneumococcal meningitis, 308 
Pneumococcal pneumonia, 308 
Pneumococcemia, 308 
Pneumoconiosis, 430-442, 744. See also in- 
dividual lung disorders. 
coal workers’, 23, 23f, 431-435, 433-434 
development of, 431 
noncollagenous inorganic dust, 442 
Pneumocystis carinii, 208, 365-366, 366 
Pneumocystosis, 365-366, 366 
Pneumocyte, Types I and II, 706 
Pneumonia, atypical, 280 
bacterial, 732-736 
chronic eosinophilic, 748 
chronic interstitial, 747-748, 748 
hypostatic, 88 
in immunocompromised host, 736-737, 
737t 
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Pneumonia (Continued) 
interstitial, 280, 280, 737, 737-738 
interstitial plasma cell, 366 
Klebsiella, 312, 312 
lipid, 749, 749 
lobar, 734-736, 735-736 
lobular, 733-734, 733-734 
pneumococcal, 308 
primary atypical, 737, 737-738 
tuberculous, 741-742, 742 
viral and mycoplasma, 280, 14737, 737-738 
Pneumonitis, desquamative interstitial, 747, 
747 
hypersensitivity, 744-745 
rheumatic, 574 
uremic, 997 
Pneumothorax, 759 
Poison, 4 
Poisoning, food, 305, 321 
Poliomyelitis, 1384—1385 
Polyanionic proteoglycans, 993 
Polyarteritis, microscopic, 522, 522-523 
Polyarteritis nodosa, 195, 520-522, 521-522 
Polychlorinated biphenyls, 451 
Polycyclic aromatic hydrocarbons, 237-238 
Polycystic kidney disease, 1000, 1000-1001 
Polycythemia, 641-643 
primary, 641-642 
relative, 641 
secondary, 642-643 
stress, 641 
Polycythemia vera, 641-642 
Polyembryoma, of testis, 1094-1095 
Polykaryon, 284, 284 
Polymorphism, mendelian, 135 
Polymyalgia rheumatica, 525 
Polymyositis, malignancy in, 193 
Polymyositis-dermatomyositis, 193-195, 194 
skin in, 194 
striated muscle in, 194, 194 
Polyoma virus, 244, 245t 
Polyp, 215 
adenomatous, carcinoma and, 867 
of small intestine, 841 
endometrial, 1135-1136, 1136 
fibroepithelial, 1263 
hyperplastic, 864 
juvenile, 869 
lymphoid, 869 
nasal, 763 
of cervix, 1128, 1128-1129 
of colon, 863-869 
of larynx, 761-762 
of stomach, 820, 820-821 
pedunculated, 864-865, 864-865 
Polyposis, familial, 867-868, 868 
Pompe’s disease, 153t 
Porcelain gallbladder, 948 
Porencephaly, 1426 
Porphyria, 1297, 1297 
Port-wine stain, 497, 541 
Portal hypertension, 916-917 
Portal vein, obstruction and thrombosis of, 
899 
Portal-systemic encephalopathy, 893-894 
Portosystemic shunt, in portal hypertension, 
917 
Postpartum pituitary necrosis, 1198, 1198 
Postreplicative senescence, 37 
PP cells, 972 
Preeclampsia, 1155-1157 
Pregnancy, diabetes mellitus and, 977 
ectopic, 1158, 1158 
toxemia of, 1155-1157 
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Pregnancy (Continued) 
ureter in, 1064 
Pregnancy liteoma, of ovary, 1154 
Pregnancy tumor, 540, 774 
Prinzmetal’s angina, 555-556 
Proerythroblast, 679, 679 
Promonocyte, 59 
Prostacyclin, 55 
Prostaglandin, conversion of, 54 
fever and, 68—69 
renal hypertension and. 1043 
Prostate, 1099-1107 
carcinoma of, 1104-1107, 1105-1107 
inflammation of, 1100--1101, 1101 
nodular hyperplasia (hypertrophy) © of, 
1101-1104, 1102--1103 
normal, 1099--1100, 1100 
staging carcinoma of, 1106 
tumors of, 1104—1107 
Prostatitis, granulomatous, 1101 
nonspecific acute and chronic, 1100-1101, 
1101 
Protease inhibitors, 95-96 
Protein, AA, 197 
actin-binding, 49 
AL, 197 
Bence Jones, 198, 688 
intracellular, 21, 21 
wound healing and, 80 
Protein 4.1, 28, 29 
Protein-energy malnutrition, 400-402, 401- 
402 
Proteinosis, pulmonary alveolar, 746, 746 
Proteinuria, amyloidosis and, 204 
edema and, 86 
Proteoglycan, polyanionic, 993 
Proteus infection, 312 
Proteus mirabilis, 312 
Protozoal disease, 360. -374, 361t 
blood and tissue, 361, 367-370 
in gastroenterocolitis, 836 
intracellular, 361-362, 370-374 
luminal, 360, 362--366 
Proud flesh, 74 
Psammoma bodies, 35, 1220, 1220 
Pseudocyst, of pancreas, 968, 969 
Pseudoepitheliomatous hyperplasia, 356 
of penis, 1085 
Pseudogranulomatous thyroiditis, 1208, 
1208-1209 
Pseudohermaphroditism, 133-134, 134t 
Pseudohypoparathyroidism, 1231 
Pseudomembranous colitis, 327, 862 
Pseudomembranous inflammation, 67-68, 68 
Pseudomonas aeruginosa, 313 
Pseudomonas cepacia, 313 
Pseudomonas infection, 313 
Pseudomonas mallei, 331-332 
Pseudomonas maltophilia, 313 
Pseudomonas pseudomallei, 332 
Pseudomyxoma peritonei, 226, 876, 876--877, 
1146, 1147 
Pseudopseudohypoparathyroidism, 1231 
Pseudosarcomatous fasciitis, 1313-1314, 13]4 
Pseudosarcomatous fibromatosis, 1313 
Psittacosis, 293 
Psoriasis, 1291-1293, 1292-1293 
Puerperal sepsis, 308 
Pulmonary. See also Lung. 
Pulmonary blastomycosis, 356 
Pulmonary coccidioidomycosis, 358 
Pulmonary congestion and edema, 710-711, 
711 


Pulmonary cyst, peripheral, 709 
Pulmonary disease, chronic obstructive, 717— 
132 
obstructive vs restrictive, 717 
Pulmonary distomiasis, 387-388 
Pulmonary edema, 88, 88, 701-711, 711 
Pulmonary embolism, 104-106, 105 
cardiopulmonary status prior to, 105 
clinical consequences of, 104-105 
diagnosis and therapy in, 105 
embolic occlusion in, 105 
hemorrhage, infarction, and, 711-713, 712- 
713 
oral contraceptive use and, 447, 447 
origin of, 104, 105 
Pulmonary eosinophilia, 748 
Pulmonary fibrosis, diffuse idiopathic, 747- 
748, 748 
Pulmonary heart disease, 569, 569-570 
Pulmonary hemosiderosis, idiopathic, 746 
Pulmonary hemorrhage, 711-713, 712-713 
Pulmonary histoplasmosis, 358-359 
Pulmonary hypertension, 713-714, 715 
Pulmonary infarction, 711-713 
Pulmonary infection, 732-742 
Pulmonary mycobacteriosis, 346 
Pulmonary stenosis or atresia, 59] 
Pulmonary surfactant, 483, 706 
Pulmonary tuberculosis, 739-742, 740-742. 
See also Tuberculosis. 
Pulpitis, 771-772, 772 
Pulseless disease, 526 
Purpura, 90-91 
Pus, 4] 
Pyelonephritis, 1030-1036 
acute, 1032-1035, 
ascending infection in, 1030-1031 
chronic, 1034, 1034-1035 
chronic obstructive, 1034 
chronic reflux—associated, 1034 
etiology and pathogenesis of, 1030-1032 
hematogenous infection in, 1030 
in diabetic nephropathy, 1025 
urinary tract infection and, 1030-1032 
vesicoureteral reflux in, 1031-1032, 103]-— 
1032 
xanthogranulomatous, 1035 
Pyknosis, 15 
Pyloric gland, cellular structure of, 807 
Pyloric stenosis, 808-809 
Pyogenic cocci, 302-310 
Pyogenic granuloma, 782, 1268--1269 
Pvonephrosis, 1033 
Pyorrhea, 774 
Pyridoxine deficiency, 416-417 
Pyrogen, endogenous, 68-69 


Q fever, 299-300 


Rabies, 1384 

Rachitic rosary, 410 

rad (r), 465 

Radiation, 464-470 
biologic effects of, 465-470, 466t 
bronchogenic carcinoma and, 75] 
carcinogenesis and, 241-243 
cell and tissue effects of, 466-467, 466t 
childhood cancers and, 499 
congenital malformation and, 481 


Radiation (Continued) 
free radical formation in, 13 
gastrointestinal tract in, 469 
gonads in, 468-469 
hematopoietic and lymphoid system in, 468 
indirect action theory of, 464-465 
linear energy transfer (LET) in, 465 
lungs in, 467, 468, 469 
mechanism of action of, 464-465 
nervous system in, 469 
nonionizing, 470 
organ system changes in, 467-469, 468 
quantitation of, 465 
rate of delivery in, 466 
relative biologic effectiveness (RBE), 465 
skin in, 467-468, 468 
target theory of, 464 
total body, 469-470, 469t 

Radiation caries, 771] 

Radiation necrosis, of brain, 1422 

Radiation nephritis, 1041 

Radicular cyst, 772-773, 773 

Rales, 88 

Ranula, 782 

Raspberry tongue, 307 

Rat bite fever, 334 

Raynaud's disease, 529 

Raynaud's phenomenon, 529 

Red cell, aplasia of, 640 
diapedesis of, 91 
disorders of, 613-652. See also individual 

disorders; Anemia. 
in erythroblastosis fetalis, 488, 488 
membrane skeleton of, 29 
normal development of, 610-613, 611 

Reed-Sternberg cell, 670, 670 

Reflux nephropathy, 1034 

Refsum’s disease, 1432 

Regan isoenzyme, 235 

Regeneration, 70-72, 71-72 
labile cells in, 70 
permanent cells in, 71, 71 
stable cells in, 70-71 

Regional enteritis, 8836-841. See also Crohn's 

disease. 

Reiter's syndrome, 1362 

Relapsing fever, 333-334 

Renal. See also Kidney. 

Renal artery, aberrant, 1062-1063 
fibromuscular dysplasia of, 1047, 1048 
scleroderma and, 192, 192 
stenosis of, 1047-1048, 1048 

Renal atheroembolic disease, 1049 

Renal candidiasis, 353 

Renal cell carcinoma, 224, 1054-1056, 1055- 

1056 

Renal cyst, 999-1002 

Renal dysplasia, cystic, 999, 999-1000 

Renal failure, acute, 1028-1029, 1028 
acute tubular necrosis in, 1027 
chronic, 996-997 
edema in, 86, 87 
hepatic failure with, 893 
vitamin D deficiency and, 408 

Renal fibroma, 1054 

Renal hamartoma, 1054 

Renal hypertension, 1042-1044 

Renal hypoplasia, 998, 998 

Renal infarction, 1050-1051, 1051 

Renal medulla, cystic disease, 1001-1002 

Renal osteodystrophy, 997, 1330 

Renal pelvis, urothelial carcinoma of, 1057- 

1058, 1058 


Renal tubular acidosis, 408 
Renal tubular epithelium, hyaline droplets 
in, 21 
Renin-angiotensin system, 1042-1043, 1043 
Renin-producing juxtaglomerular cell tumor, 
1054 
Renomedullary interstitial cell tumor, 1054 
Renoprival hypertension, 1043 
Repair, connective tissue in, 71-72, 71-72 
growth control and cell proliferation in, 75, 
75-77 
mechanisms involved in, 74-77, 75 
pathways of, 81, 81 
processes of, 69 
Residual body, 27, 30 
Resolution, 81 
Respiration, Kussmaul, 996 
Respiratory disease, viral, 278-281, 280 
Respiratory distress syndrome, adult, 714— 
717, 716 
newborn, 482-485, 483-484 
Respiratory gas exchange, 708 
Respiratory system, 705-766. See also indi- 
vidual anatomic parts. 
staphylococcal infection of, 305 
streptococcal infection of, 306-307 
Reticuloendothelial system, 58-61, 59, 59t— 
60t 
Reticulosis, histiocytic medullary, 686 
Retina, 403 
Retinal anlage tumor, 788 
Retinoblastoma, 1247 
Retinoic acid, 403 
Retinoids, 403 
Retinol, 403 
Retinopathy, diabetic, 984, 984 
Retinyl ester, 403 
Retroperitoneal fibromatosis, 1064 
Retroperitonitis, sclerosing, 878-879, 1064 
Retrovirus, 243-244, 244t 
Reye's syndrome, 941, 941-942 
Rh antigenic system, 486 
Rhabdomyoma, 1314 
of heart, 606 
Rhabdomyosarcoma, 1314-1316 
alveolar, 1316 
embryonal and botryoid, 1316 
of urinary bladder, 1076 
pleomorphic, 1315, 1315 
Rheumatic arteritis, 574 
Rheumatic fever, 571-576 
arthritis and, 574, 1355-1356 
Aschoff bodies in, 572, 572 
clinical course in, 574-576 
etiology and pathogenesis of, 571-572 
Jones’ criteria in, 576t 
Rheumatic heart disease, 571-576, 572-575 
arteritis in, 574 
arthritis in, 574 
Aschoff bodies in, 572, 572 
epidemiology in, 571 
erythema marginatum in, 574 
etiology and pathogenesis of, 571-572 
MacCallum’s plaques in, 574 
mitral valve in, 573, 574-575 
pneumonitis and pleuritis in, 574 
streptococcal antibodies in, 572 
valvular involvement in, 573, 574 
verrucae in, 573, 574 
Rheumatic pleuritis, 574 
Rheumatic pneumonitis, 574 
Rheumatoid arthritis, 1351-1355 
degenerative joint disease vs, 1355t 


Rheumatoid arthritis (Continued) 
Epstein-Barr virus and, 1353 
juvenile, 1351, 1355 
necrotizing vasculitis in, 1353 
nodules in, 1352, 1353 
proliferative synovitis in, 1352, 1352 
pulmonary involvement in, 749 
rheumatoid factor in, 1853-1354 

Rheumatoid factor, 1353-1354 

Rheumatoid heart disease, 605 

Rheumatoid nodules, 1352, 1353 

Rheumatoid spondylitis, 1355 

Rheumatoid vasculitis, 528 

Rhinitis, 763-764 
atrophic, 764 

Rhinitis sicca, 764 

Rhinocerebral mucormycosis, 354 

Rhinophyma, 1289-1290 

Rhinoscleroma, 338-339 

Riboflavin deficiency, 414-415, 415 

Rice bodies, 1366 

Rickets, 406 
drug-induced, 408 
morphology of, 409-411 
vitamin D—dependent, 408 
vitamin D-resistant, 408 

Rickettsia prowazekii, 297 

Rickettsial disease, 295-300, 296t 

Riedel’s struma, 1209, 1209-1210 

Riedel’s thyroiditis, 1209, 1209-1210 

Ring sideroblast, 613 

Ringworm, 1299 

Ristocetin cofactor, 648 

RNA oncogenic virus, 243-244, 244t 

Rocky Mountain spotted fever, 298-299, 299 

Roentgen (R), 465 

Rokitansky-Aschoff sinus, 943, 943 

Rosacea, 1289—1290 

Rosenthal fiber, 1373 

Rotavirus, 281 

Rotor’s syndrome, 896 

Roundworm, intestinal, 375-378 
tissue, 378-383 

Rubella, congenital malformation in, 480 

Rubeola, 282, 282-283 

Russell body, 21, 36, 690 


Saber shin, 1325 
Saccharin, 239 
Saddle embolism, 104, 105, 712, 712 
Salivary glands, acinic cell tumor of, 793-794, 
794 
adenoid cystic carcinoma of, 794, 794 
adenolymphoma of, 792, 792 
carcinoma of, 795 
diseases of, 789-795 
ductal obstruction of, 789 
in cystic fibrosis, 494° 
malignant mixed tumor of, 794 
mucoepidermoid tumor of, 793, 793 
neoplasms of, 789-795, 789t 
pleomorphic adenoma of, 790-792, 791 
pleomorphic adenoma with carcinoma in, 
794-795 
Sjogren's syndrome and, 189, 189 
staging of cancer in, 795 
Warthin’s tumor of, 792, 792 
xerostomia of, 789 
Salmonella infection, 319-321, 320-321 
Salmonella typhi, 319 
Salmonella typhimurium, 321 
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Salpingitis, 1141, 1141 
Sanfilippo syndrome, 149t 
Sarcoidosis, 390-392, 391 
lymph nodes in, 391, 391 
of bone marrow, 392 
of liver, 392 
of pituitary, 1197 
of skin, 392 
of spleen, 392 
tissue reaction in, 60t 
Sarcoma, 215 
Ewing's, 1343-1345, 1344 
Kaposi's, 543, 543-544, 1270, 1270 
of colon, 874 
of endometrium, 1139-1140, 1140 
of heart, 606 
of small intestine, 846 
of stomach, 827 
of thyroid, 1224 
of urinary bladder, 1076 
osteogenic, 1337-1340, 1339-1340 
Sarcoma botryoides, of urinary bladder, 1076 
of vagina, 1121, 1121 
Sarcoptes scabiei, 1301 
Satellite cell, 1374 
Scabies, 1301 
Scalp, pilar tumor of, 1263 
Scar, cellular, 72 
collagenous, 72 
Scar cancer, 248 
Scarlet fever, 307 
Schatzki’s rings, of esophagus, 799 
Schilder’s disease, 1412 
Schimmelbusch’s disease, 1170 
Schistosoma, carcinogenesis and, 248 
Schistosoma haematobium, 388, 1072 
Schistosoma japonicum, 388 
Schistosoma mansoni, 388-390, 389 
Schistosomiasis, 388-390, 389 
Schmidt’s syndrome, 1235 
Schwannoma, 1432-1433, 1433 
Scleroderma, 190-193, 191-192, 529 
alimentary tract in, 191-192, 192 
esophagus in, 191-192, 192 
kidney in, 192, 192 
localized, 193 
lungs in, 192 
musculoskeletal system in, 192 
of esophagus, 802 
renal artery in, 192, 192 
skin in, 191, 191 
Sclerosing adenosis, of breast, 1172-1173, 
1173 
Sclerosing hemangioma, 1267-1268, 1268 
Sclerosing histoplasmosis, 359 
Sclerosing retroperitonitis, 1064 
Sclerosis, cardiac, 90, 551 
medial calcific, 518, 519 
nodular, 671, 671 
progressive systemic, 190-193, 191-192 
systemic, of esophagus, 802 
Scrotum, elephantiasis of, 381, 382 
Scrub typhus, 299 
Scurvy, 419-422, 420-421 
hemorrhage in, 643 
Sebaceous carcinoma, 1265 
Sebaceous glands, 1259 
Seborrheic keratosis, 1262, 1262-1263 
Segmental demyelination, 1428 
Selenium deficiency, 424 
Seminoma, 216 
of testis, 1092-1093, 1092-1093 
immune response to, 259, 259 
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Senescence, clonal, 37 
postreplicative, 37 
Senile hemangioma, 1269 
Senile plaques, 1415, 1415 
Septic shock, 113 
Serofibrinous pleuritis, 758 
Serotonin, inflammation and, 52 
Serous inflammation, 65, 66 
Serous tumor, of ovary, 1144-1146, 1145 
Serratia infection, 312 
Serratia marcescens, 312 
Sertoli granulosa cell tumor, 1098 
Sertoli-Leydig cell tumor, of ovary, 1154, 
1154 
Serum sickness, 168, 168 
Serum sickness nephritis, 1005 
Sex, determination of, 133 
Sex chromosomes, abnormal, 123-124 
disorders of, 129-134, 131t 
Sex cord—stromal tumor, of ovary, 1152-1155 
of testis, 1097-1098 
Sex hormone, lupus erythematosus and, 182 
Sex-limited disorders, 152 
Sex-linked disorders, 152-154 
Sézary syndrome, 665 
Sheehan's syndrome, 1198, 1198 
Shiga neurotoxin, 322 
Shigella dysenteriae, 322 
Shigella flexneri, 322 
Shigella sonnei, 322 
Shigellosis, 321-322, 322 
Shingles, 285-286 
Shock, 112-116 
adrenals in, 115 
anaphylaxis in, 113 
bacterial or septic, 113 
cardiac change in, 115, 115 
cardiogenic, 113, 113t 
cell and organ injury in, 114-115 
classification of, 113, 113t 
clinical correlations in, 115-116 
clinical signs of, 112-113 
compensated hypotension in, 114 
disseminated intravascular coagulation in, 
113 
endotoxic, 113 
gastrointestinal tract in, 115 
hypovolemic 113, 113t 
kidney in, 115 
liver in, 115 
lung in, 115 
morphology of, 115, 115 
pathogenesis of, 113-115 
peripheral pooling of blood in, 113, 113t 
tissue hypoperfusion in, 114 
Shock kidney, 1027 
Shock pancreas, 963 
Shy-Drager syndrome, 1418 
Sialoadenitis, suppurative, 305 
Sialometaplasia, necrotizing, 795 
Sicca syndrome, 189 
Sickle cell anemia, 135 
Sickle cell disease, 618-622, 619, 621 
autosplenectomy in, 620 
Gandy-Gamna bodies in, 620 
nephropathy in, 1049-1050 
spleen in, 620, 621 
Sickle cell trait, 135 
Sideroblast, 613 
ring, 613 
Siderosilicosis, 23 
Siderosis, 23 
Silicosis, 23, 435-436, 436-437 


Simmonds’ cachexia, 1198 
Sinus, carcinoma of, 764 
plasmacytoma of, 764 
tumors of, 764 
Sinus histiocytosis, 657, 657 
Sinusitis, 763-764 
Sipple syndrome, 988, 988t, 1244 
Sjogren's syndrome, 189, 189-190 
Skeletal muscle, 1304-1317. See also Muscle. 
Skin, 1257-1303. See also individual disor- 
ders. 
apocrine glands of, 1259-1260 
arthropod bites and stings of, 1300-1301 
basement membrane zone of, 1260, 1260 
blastomycosis of, 356 
blistering (bullous) diseases of, 1293-1297 
cancer of, mechanism in, 241-242 
dermis of, 1260-1261 
tumors of, 1267-1271 
descriptive terminology in, 1261 
eccrine sweat glands of, 1260 
epidermis of, actinic keratosis (solar kera- 
tosis) of, 1265, 1265 
adnexal (appendage) tumors of, 1264, 
1264-1265 
basal cell carcinoma of, 1265-1266, 1266 
benign tumors of, 1262-1265 
Bowenoid papulosis of, 1267, 1267 
epidermal cyst of, 1263 
fibroepithelial polyp of, 1263 
keratoacanthoma of, 1263, 1263 
premalignant and malignant tumors of, 
1265-1267 
pseudocarcinomatous hyperplasia 
of, 1267 
seborrheic keratosis of, 1262, 1262-1263 
squamous cell carcinotha of, 1266-1267, 
1266-1267 
fungal infection of, 1299-1300 
hair on, 1259 
hypersensitivity dermatoses of, 1282-1289 
in hemochromatosis, 927 
in renal failure, 997 
in vitamin A deficiency, 404 
infection and infestation of, 1297-1301 
inflammatory dermatoses of, 1289-1293 
keratinocytes of, 1258 
Langerhans’ cells of, 1258, 1259 
lupus erythematosus and, 185-187 
melanocytes of, 1258, 1259 
melanocytic proliferative lesions of, 1274— 
1282 
Merkel cell of, 1258, 1259 
metastatic carcinoma of, 1273, 1273 
mycobacteriosis of, 346 
normal, 1257-1261 
pigmentation disorders of, 1273-1274 
polymyositis-dermatomyositis and, 194 
radiation injury to, 467-468, 468 
sarcoidosis of, 392 
scleroderma and, 191, 191 
sebaceous glands of, 1259 
streptococcal infection of, 307, 307 
Skull, fracture of, 1396 
at birth, 478 
Sleeping sickness, 369 
Slow-reacting substance of ariaphylaxis (SRS- 
A), 165 
Sludging, 47 
Small cell carcinoma, of lung, 753, 753 
of thyroid, 1224 
Small intestine, 827-853. See also Intestine, 
small. 


Small-for-gestational-age (SGA) infant, 475- 
476 
Smallpox, 283, 283-284 
Smooth muscle cell, regeneration and, 70-71 
Smooth muscle tumor, epitheloid, 271 
of tIncertain malignant potential, 271 
Soap-bubble lesion, 355, 355 
Sodium, in renal hypertension, 1043 
Sodoku, 334 
Solar keratosis, 1265, 1265 
Somatostatinoma, 988-989 
South American blastomycosis, 357 
Specific granules, 56 
Spectrin, 28, 29 
Spetinatocele, 1099 
Spermatocytic seminoma, of testis, 1093 
Spherocytosis, hereditary, 616-617, 617 
spectrin molecules in, 29, 29 
Spheroid, 1372 
Sphingomyelinase deficiency, 145-146 
Spider telangiectasia, 541-542 
Spina bifida, 1427 
Spinal cord, malformation of, 1427 
subacute combined degeneration of, 1421 
trauma to, 1399 
vascular disease of, 1395 
Spinal muscular atrophy, infantile progres- 
sive, 1420 
Spindle cell carcinoma, 754 
Spinocerebellar degeneration, 1418-1419 
Spiradenoma, eccrine, 1265 
Spirillum minus, 334 
Spirochetal disease, 300-350, 303t. See also 
individual types. 
Spitz nevus, 1277, 1278 
Spleen, 697-703 
accessory, 699-700 
amyloidosis and, 202-203, 203 
chronic passive congestion of, 90 
congenital anomalies of, 699-700 
functions of, 698 
in idiopathic thrombocytopenic purpura, 
645 
in leukemia, 680, 681-682 
in malaria, 367 
in myeloid metaplasia, 686-688, 687 
in right-sided congestive heart failure, 551 
in sickle cell disease, 620 
infarction of, 701-702, 702 
lardaceous, 203, 203 
lupus erythematosus and, 187-188 
mononucleosis and, 289 
neoplasia of, 702 
normal, 697-698 
reactive hyperplasia of, 700, 700 
rupture of, 703 
sago, 202-203, 203 
sarcoidosis of, 392 
splenomegaly of, 699, 699t 
Splenic tumor, acute, 700 
Splenitis, nonspecific acute, 700 
Splenomegaly, congestive, 551, 700, 700- 
701, 701 
in portal hypertension, 917 
Spondylitis, ankylosing, 1355 
rheumatoid, 1355 
tuberculous, 1349 
Spongiform pustule of Kogol, 1292 
Sprue, celiac, 847-848, 849 
nontropical, 847-848, 849 
tropical, 848 


_Squamocolumnar junction, uterine, 1110, 
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Squamous cell carcinoma, 215 
condyloma acuminatum and, 244 
of colon, 873 
of lung, 753 
of penis, 1084, 1084 
of skin, 1266—1267, 1266-1267 
of vagina, 1120 

Squamous papilloma, of vulva, 1116 

Stable cells, 70-71 

Stag-horn calculi, 1053 

Staphylococcal infection, 302-305, 304 

Staphylococcus albus, 302-304 

Staphylococcus aureus, 302-304 

Starling hypothesis, 42, 43 

Stasis, 42 

Status marmoratus, 1426 

Steatocystoma multiplex, 1263 

Steatosis, 918, 919 

Stellate abscess, 294-295, 295 

Stem cell, in hematopoiesis, 611, 611-613 

Stevens-Johnson syndrome, 780, 1285 

Still’s disease, 1355 

Stings, insect, 1300-1301 

Stomach, 806-827. See also Gastric. 
aberrant pancreatic rests in, 821 
anatomic regions of, 806 
carcinoma of, 821-825 

cell types in, 823-824, 824 
clinical course in, 825, 825t 
diet in, 821 
diffusely infiltrative, 823, 824 
early, 822 
epidemiology in, 821 
etiology and pathogenesis of, 821-822 
expanding, 823 
fungating, 822, 823 
infiltrative, 823 
intestinal-type, 824 
morphology in, 822-825, 823-824 
polypoid, 822 
signet-ring cells in, 823, 824 
superficial, 822 
tumor types in, 824t 
ulcerated-infiltrative, 822, 823 
undifferentiated, 824 
congenital anomalies of, 808-809 
endocrine cell tumor of, 825-826 
erosion and ulceration of, 813-814, 814 
gastritis of, 809-813 
inflammation of, 809-813 
leiomyoblastoma of, 827 
leiomyoma of, 820 
leiomyosarcoma of, 827 
lesions of, 809 
lymphoma of, 826, 826-827 
metastatic carcinoma of, 827 
mucosal surface of, 806 
neck cells of, 806 
normal, 806-808 
polypoid adenoma of, 820-821 
sarcoma of, 827 
tumor of, 820-827 

Stomatitis, aphthous, 777, 778 
herpetic, 776, 776 
white, folded, 780 

Stomatitis venenata, 780 

Strawberry gallbladder, 950, 951 

Strawberry mark, 1268 

Strawberry tongue, 307 

Streptobacillus moniliformis, 334 

Streptococcal infection, 305-308 

Streptococcus pneumoniae, 308 

Stress, ischemic heart disease and, 508 


Stress ulcer, 813-814 
Striatonigral degeneration, 1418 
Stroke, 1394-1395 
obesity and, 425-426 
Stromal luteoma, of ovary, 1154 
Stromal tumor, endometrial, 1140 
Strongyloides stercoralis, 377-378, 378 
Strongyloidiasis, 377-378, 378 
Struma, Riedel’s, 1209, 1209-1210 
Struma lymphomatosa, 1207 
Struma ovarii, 1151 
Sturge-Weber syndrome, 541, 1269 
Subarachnoid hemorrhage, 1393, 1393-1394 
Subdural empyema, 1380 
Subdural hematoma, 1397-1398, 1398 
Subendocardial ischemic necrosis, 562 
Subendothelium, thrombosis and, 92-93 
Subepidermal fibrosis, nodular, 1267-1268, 
1268 
Sudden cardiac death, 552 
Sudden infant death syndrome, 495-496 
Suppurative inflammation, 66, 67 
Suppurative pleuritis, 758 
Supranuclear palsy, progressive, 1418 
Suprasellar tumor, hypothalamic, 1199, 1200 
Surfactant, pulmonary, 483, 706 
Surgical wound, staphylococcal infection of, 
305 
SV-40 virus, 244, 245t 
Sweat test, 495 
Synoviosarcoma, 1362-1364, 1363 
Synovitis, pigmented villonodular, 
1365-1366 
traumatic, 1366 
Synovium, in hemochromatosis, 927 
Syphilis, 335-338, 336-337 
cardiovascular, 337 
central nervous system, 337 
chancre in, 336, 336 
cirrhosis and, 933, 934 
congenital, 338 
gumma in, 337, 337 
of bone, 1325 
oral mucosa in, 776 
placenta and, 1157 
primary, 336 
secondary, 336-337 
serologic tests for, 335 
tertiary, 337-338 
testicular involvement in, 1090 
tissue reaction in, 60t 
Syphilitic aneurysm, 531-532, 531-532 
Syphilitic vasculitis, 528-529 
Syringocystadenoma papilliferum, 1264-1265 
Syringoma, 1264, 1265 
Syringomyelia, 1427 
Systemic lupus erythematosus. See Lupus 
erythematosus. 
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T cell, 158-159 
antitumor, 258 
growth factor, 171 
identification techniques for, 666t 
in cytotoxicity, 171 
in lupus erythematosus and, 183 
in lymphoma, 664-665 
in transplant rejection and, 171-172, 172 
T-helper cell, 159 
T-suppressor cell, 159, 177 
autoimmune disease and, 179 
Tabes dorsalis, 1381 
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Taenia saginata, 384 
Taenia solium, 384 
Takayasu’s arteritis, 526 
Talcum powder, peritonitis and, 878 
Tapeworms, 383-386 
Target lesions, 1285, 1285 
Tarui’s disease, 153t 
Tattooing, 23 
Taussig-Bing malformation, 592 
Tay-Sachs disease, 119, 142-145, 145 
Teeth, caries of, 770-771, 771 
concrescence of, 769, 769 
congenital syphilis and, 338 
developmental malformations of, 768-770, 
769-770 
developmental phases of, 768 
diseases of, 767-771 
enamel hypoplasia in, 769-770, 770 
fetal, 768, 768 
fusion of, 769 
gemination of, 769, 769 
hypocalcification of, 770, 770 
pigmentation of, 770, 770 
supernumerary, 769, 769 
Telangiectasia, hereditary hemorrhagic, 542 
spider, 541-542 
Telangiectasis, 541-542 
ataxic, 241 
capillary, 1394 
Temperature, in physical injury, 459-463 
Temporal arteritis, 524-525, 525 
Tendon sheaths, giant cell tumor of, 1365 
Tenosynovitis, 1366 
pigmented villonodular, 1365, 1365-1366 
suppurative, 1366 
tuberculous, 1366 
Teratoma, 215, 216 
cystic dermoid, 215-216 
of infant and child, 498 
of ovary, 1149-1151, 1149-1151 
of testis, 1095-1096, 1095-1096 
Terminal respiratory unit, 705 
Testis, 1086-1099 
adenomatoid tumor of, 1098 
androblastoma of, 1098 
atrophy of, 1087, 1088 
choriocarcinoma of, 1095 
congenital anomalies of, 1086-1088 
cryptorchidism of, 1087, 1087-1088 
dysgenesis of, 129-132, 131 
embryonal carcinoma of, 1094, 1094 
epididymitis and orchitis of, 1088, 1088— 
1089 
germ cell tumor of, 1090-1097 
gonorrhea and, 1089 
granulomatous (autoimmune) orchitis of, 
1089 
hemochromatosis and, 927 
inflammation of, 1088-1090 
Leydig (interstitial) cell tumor of, 1097-— 
1098 
lymphoma of, 1098 
mixed tumor of, 1096 
mumps and, 1089, 1089 
normal, 1086 
polyembryoma of, 1094-1095 
seminoma of, 1092-1093, 1092-1093 
immune response to, 259, 259 
Sertoli granulosa cell tumor of, 1098 
sex cord-gonadal stroma tumors of, 1097— 
1098 
spermatocytic seminoma of, 1093 
staging for tumors of, 1097t 
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Testis (Continued) 
syphilis and, 1090 
teratoma of, 1095-1096, 1095-1096 
torsion of, 1090, 1091 
tuberculosis and, 1089-1090 
tumors of, 1090-1098, 1091t 
yolk sac tumor of, 1094 
Testosterone, 1234 
Tetanus, 324-325 
Tetracycline, liver toxicity of, 913-915 
Tetralogy of Fallot, 590, 590 
Thalassemia, 622-627 
alpha, 625t, 626-627 
beta, 623-626, 625t 
globin genes and, 622-623, 622-623 
major, 624-626, 626 
minor, 626 
Thalidomide, 480-481 
Thermal burn, 462-463 
internal, 462-463 
surface, 462-463 
Thiamine deficiency, 413-414, 1420-142] 
Thick bone disease, 1320-1321 
Thorax, actinomycosis of, 350 
Thromboangiitis obliterans, 526-527, 527 
Thrombocytopenia, 643-646 
causes of, 644t 
in leukemia, 683 
isoimmune, 644 
neonatal and posttransfusional, 644 
Thrombocytopenic purpura, idiopathic, 644— 
646, 646 
thrombotic, 646 
Thromboembolism, 91 
Thrombophlebitis, 102, 536-537 
migratory, 98, 537, 972 
paraneoplastic, 257 
Thrombosis, 91-103 
arterial, 101-102 
clinical implications of, 101-103 
endothelial cell and, 92, 92t 
endothelial injury in, 96-97, 97 
evolution of, 100-101, 100-101 
hepatic vein, 899 
hypercoagulability in, 98 
in myocardial infarction, 558-559 
in stroke, 1394 
laminar flow change in, 97-98 
morphology of, 99, 99-100 
pathogenesis of, 91-99 
portal vein, 899 
prevention and treatment of, 102-103 
subendothelium in, 92-93 
verious, 102 
Thrombotic thrombocytopenic purpura, kid- 
ney and, 1049 
Thromboxane A.S.2.T, 55 
Thrombus, blood clot vs, 91 
canalization of, 100, 101 
mural, 99, 99 
occlusive, 99 
postmortem clots vs, 99-100 
propagation of, 99 
venous, 99 
Thrush, 777, 777 
oral, 353 
Thymoma, 
1252t 
Thymus, 1249-1252 
agenesis and hypoplasia of, 1250 
Hassall's corpuscles of, 1249, 1249 
hyperplasia of, 1250 
hypoplasia of, 207 
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1250-1252, 1251-1252, 1251t- 


Thymus (Continued) 
in myasthenia gravis, 1310-1311, 1312 
normal, 1249, 1249-1250 
thymoma of, 1250-1252, 1251-1252, 1251t— 
1252t 
tumors of, 1250-1252 
Thyroglossal duct or cyst, 1224-1225 
Thyroid, 1201-1225 
adenoma of, 1216-1218, 1216-1218 
agenesis or dysgenesis of, 1225 
atrophy of, 1225 
congenital anomalies of, 1224-1225 
follicular carcinoma of, 1221-1222, 122I- 
1222 
giant cell carcinoma of, 1224 
goiter of, 1212-1215, 1213-1214 
Graves’ disease of, 1210-1212, 1211 
Hodgkin’s disease and non-Hodgkin's lym- 
phoma of, 1224 
hyperthyroidism of, 1203, 1203-1204 
hypoparathyroidism of, 1230, 1230-1231 
hypothyroidism of, 1204-1206, 1205t 
medullary carcinoma of, 1222-1223, 1223 
normal, 1201-1203 
papillary carcinoma of, 1219-1221, 1220 
sarcoma of, 1224 
small cell carcinoma of, 1224 
systemic changes due to, 1225 
thyroiditis of, 1206-1210 
tumor of, 1215-1224 
undifferentiated carcinoma of, 1223-1224, 
1224 
Thyroiditis, 1206-1210 
autoimmune, 1206, 1206-1208 
giant cell, 1208, 1208-1209 
Hashimoto's, 1206, 1206-1208 
pseudograniilomatous, 1208, 1208-1209 
Riedel’s, 1209, 1209-1210 
subacute granulomatous (De Quervain’s), 
1208, 1208-1209 
subacute lymphocytic (painless), 1209 
Thyrotoxic cardiomyopathy, 1203 
Thyrotoxic crisis or storm, 1204 
Thyrotoxicosis, 1203, 1203-1204 
Tinea barbae, 360, 1300 
Tinea capitis, 360, 1300 
Tinea corporis, 1300 
Tinea cruris, 1300 
Tinea pedis, 360, 1300 
Tinea versicolor, 1300 
TNM staging, 230 
Tobacco smoking, 442-443, 443 
in bronchogenic carcinoma, 750 
in ischemic heart disease, 508 
Tongue, black, 780 
congenital fissuring of, 175, 775 
raspberry or strawberry, 307 
tumor-forming amyloid of, 204 
Tophus, in gout, 1359-1360, 1361 
Torulopsis glabrata, 353 
Torus mandibularis, 785 
Torus palatinus, 785, 785 
Toxemia of pregnancy, 1155-1157 
Toxic injury, cellular, 10-13, 11-12 
Toxic shock syndrome, 305 
Toxocariasis, 378-379 
Toxoplasma gondii, 373-374 
Toxoplasmosis, 373-374 
cerebral, 1388 
Trace elements, 423-424 
Tracheobronchial clearance, 708, 708 
Trachoma, 294 
Transfer factor, 171 


Transferase deficiency, 491-493, 492 
Transitional cell carcinoma, of urinary blad- 
der, 1073-1074, 1074-1075 
urothelial, 1071t 
Translocation, 124, 125 
balanced reciprocal, 124 
Robertsonian, 124, 125 
Transplant rejection, 171-176 
acute, 173-174, 174 
acute cellular, 173-174, 174 
acute vasculitis in, 174, 174 
antibody-mediated reaction in, 172, 172- 
173 
chronic, 174, 174-175 
hematopoietic cell transplantation 
and, 175-176 
hyperacute, 173, 173 
increasing graft survival in, 175-176 
mechanisms involved in, 171-173, 172 
morphology of, 173-174, 173-175 
T cell-mediated reactions in, 171-172, 172 
Transplantation, bone marrow, 175-176 
hematopoietic cell, 175-176 
HLA complex in, 161 
Transposition of great arteries and veins, 591— 
992, 592 
Transsynaptic degeneration, 1372 
Transudate, 41, 85 
Trematodes, 385-390 
Trench foot, 461 
Trench mouth, 776 
Treponema pallidum, 335-338, 336-337 
Treponemes, 334-338 
Trichinella spiralis, 379-381, 380 
Trichinosis, 379-381, 380 
Trichoepithelioma, 1264 
Trichomonal vaginitis, 1120 
Trichomonas vaginalis, 365 
Trichomoniasis, 365 
Trichophyton rubrum, 1299-1300 
Trichuriasis, 376 
Trichuris trichiura, 376 
Tricuspid atresia, 590-591 
Trisomy 13, 127t, 129 
Trisomy 18, 127t, 129 
Trisomy 21, 126-129, 127t, 128 
Tropical sore, 372 
Tropical sprue, 848 
Tropism, 274 
Trousseau’s sign, 537, 972 
Trousseau’s syndrome, 98 
paraneoplastic, 257 
Trypanosoma brucei brucei, 369 
Trypanosoma brucei gambiense, 369 
Trypanosoma brucei rhodesiense, 369 
Trypanosoma cruzi, 370-371, 371 
Trypanosomiasis, African, 369-370 
American, 370 
Tsutsugamushi fever, 299 
Tubercle, 343, 344 
Tuberculin reaction, 169-170, 170 
Tuberculin reactors, 341 
Tuberculoid leprosy, 347 
Tuberculoma, 1380 
Tuberculosis, 341-346 
age distribution in, 341 
anergy in, 342 
bacterial virulence and, 342 
caseous, 17, 17 
causative organism in, 341-342 
childhood, 344, 345 
clinical course in, 346 
granulomatous reaction in, 343 


Tuberculosis (Continued) 
histology of, 345 
hypersensitivity reaction in, 342 
immunity or resistance in, 342-343 
incidence of, 341 
intestinal, 345 
miliary, 741, 742 
miliary dissemination in, 344, 345 
of bone, 1325 
of lung, 739-742, 740-742 
of small bowel, 834-835 
oral mucosa in, 776 
pathogenesis of, 342, 342-343 
primary, 343-344, 345 
pulmonary, 739-742, 740-742 
secondary, 344-345 
testicular involvement in, 1089-1090 
tissue reaction in, 60t 
transmission of, 341 
tubercle organization in, 343, 344 
Tuberculous arthritis, 1349 
Tuberculous empyema, 345 
Tuberculous encephalitis, 1380-1381 
Tuberculous endometritis, 1130, 1130 
Tuberculous meningitis, 344, 345, 1379-1380 
Tuberculous osteomyelitis, 1325 
Tuberculous placental infection, 1157 
Tuberculous salpingitis, 1141, 1141 
Tuberculous spondylitis, 1349 
Tuberculous tenosynovitis, 1366 
Tuberous sclerosis, 1428 
Tubo-ovarian abscess, 1114 
Tubular adenoma, 864-865, 864-865 
Tubular immune complex disease, 1040 
Tubular necrosis, acute, 1026-1029, 1027- 
1028 
ischemic, 1027, 1028 
nephrotoxic, 1027—1028, 1028 
Tubule, renal, 994 
diseases of, 1026-1029 
Tubulin, 28t 
Tubulointerstitial disease, 1029-1041, 1029t 
drug and toxin induced, 1036-1038 
immunologically mediated, 1040 
metabolic disturbances in, 1038-1039, 1039 
neoplastic disease in, 1039-1040, 1040t 
pyelonephritis in, 1030-1036 
Tubulovillous adenoma, 866 
Tularemia, 329-330 
Tumor. See also individual tumors; Cancer. 
anaplasia and, 218-220, 218-221 
benign, characteristics of, 218-229 
malignant vs, 229t 
nomenclature for, 214-215 
carcinogenesis in, 236-248. See also Car- 
cinogenesis. 
differentiation of, 218-220, 218-221 
ectopic hormone production by, 221 
encapsulation-invasion by, 223-225, 223- 
225 
epidermal, 1262-1267 
fetal antigens and, 221 
functional sophistication of, 221 
grading and staging of, 229-230 
growth rate of, 221-223, 222 
heterogeneity of, 228 
immunocytochemistry for, 220, 220-221 
intermediate filaments in, 220, 220-221 
islet cell, 986-989 
malignant, benign vs, 229t 
characteristics of, 218-229 
nomenclature for, 214-215 
of infant and child, 498-500, 499t 


Tumor (Continued) 

metastasis of, 225-229, 226-228. See also 

Metastasis. 

mixed, 215, 216 

neuroglial, 1401-1406 
nomenclature in, 214-218, 215-216, 217t 
of adrenal cortex, 1242-1243, 1243 
of appendix, 877 

of blood vessels, 538-544, 539t 
of bone, 1335-1347, 1336t 

of breast, 1175-1188 

of cervix, 1123-1129 

of chemoreceptor system, 1248 
of colon, 862-874 

of dermis, 1267-1271 

of esophagus, 803-806 

of fallopian tubes, 1141 

of gallbladder, 951-955 

of heart, 605-606, 606 

of infant and child, 497-500 

of jaw, 788 

of joints, 1362-1365 

of kidney, 1053-1058 
- of larynx, 761-762, 762 

of liver, 934-940 

of lung, 749-757 

of lymphatics, 544 

of marrow, 1343-1345, 1344 

of mediastinum, 756-757, 757t 
of nasal cavity, 764 

of nervous system, 1399-1410 
of oral mucosa, 782-784, 784 

of ovary, 1143-1155, 1143t 

of pancreas, 967 

of penis, 1082-1086 

of peripheral nerve, 1432-1433 
of peritoneum, 879 

of pleura, 759-761 

of prostate, 1104-1107 

of salivary glands, 789-795, 789t 
of sinuses, 764 

of small intestine, 841-846 

of stomach, 820-827 

of testis, 1090-1098, 1091t 

of thymus, 1250-1252 

of thyroid, 1215—1224 

of ureter, 1063 

of urethra, 1079 

of urinary bladder, 1070-1077 
of uterus, 1135-1140 

of vagina, 1120-1121 

of vulva, 1116-1119 

progression of, 228 

TNM staging of, 230 

tripolar spindle in, 219, 219 
Wilms’, 1056-1057, 1057 
Tumor angiogenesis factor, 222 
Tumor giant cell, 219, 219 
Tumor markers, 267, 267-268, 267t 
Tumor-associated rejection antigen, 233 
Tumor-host interaction, 254-260 
Tumor-specific antigen, 233-234 
Tumor-specific transplantation antigen, 233 
Tunica adventitia, 502-503 
Tunica intima, 502-503 
Tunica media, 502-503 
Tunica vaginalis, lesions of, 1098, 1098—1099 
Turban tumor, 1264 
Turcot’s syndrome, 868 
Turner's syndrome, 131t, 132-133 
Typhoid fever, 319-321, 320-321 
Typhoid nodules, 320 
Typhus, murine, 298 
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Typhus (Continued) 
scrub, 299 
Typhus fever, 297-298, 297-298 
Tzanck prep, 284, 284 


Ulcer, 67, 68 
Curling’s, 813 
Cushing’s, 813 
duodenal, 815-816 
gastric, 816-817 
in burn patient, 814 
Hunner's, 1069 
peptic, 814-820, 815, 818-819 
stress, 813-814 
Ulcerative colitis, 836-837, 859-862, 860- 
861, 86lt 
Ulegyria, 1426 
Ultraviolet rays, carcinogenesis and, 241-242 
Umbrella cells, 1066 
Urachus, cyst of, 1068 
patent, 1068 
Uranium, in bronchogenic carcinoma, 751 
Urate nephropathy, 1038, 1038-1039 
Uremia, 996 
causes of, 997 
hemolytic, 1048-1049 
Uremic medullary cystic disease, 1001, 1001 
Uremic pericarditis, 997 
Uremic pneumonitis, 997 
Ureter, 1062-1064 
aberrant renal vessel compression of, 1062— 
1063 
blood clot in, 1064 
calculi in, 1064 
congenital anomalies of, 1062-1063 
diverticula of, 1063 
double and bifid, 1062 
in pregnancy, 1064 
inflammation of, 1063 
normal, 1062 
obstructive lesions of, 1064 
stricture of, 1064 
tumors of, 1063 
Ureteritis, 1063, 1063 
ulcerative gangrenous, 1063 
Ureteritis cystica, 1063, 1063 
Ureteritis follicularis, 1063 
Urethra, 1078-1079 
carcinoma of, 1079 
caruncle of, 1079 
inflammation of, 1078-1079 
tumors of, 1079 
Urethritis, 1078-1079 
chlamydial, 293 
Uric acid, overproduction of, 1357, 1357- 
1358 
Uric acid nephropathy, 1038 
Uric acid stones, 1053 
in gout, 1360 
Urinary bladder, 1065-1078 
calculi of, 1077, 1078 
carcinoma in situ of, 1075-1076 
carcinoma of, 1071-1075, 1073-1075 
congenital anomalies of, 1065-1068 
cystitis of, 1068-1070, 1069-1070 
diverticula of, 1065-1067, 1067 
epithelial tumor of, :1070-1076, 1070t 
exstrophy of, 1067 
fistula of, 1078 
hyperplasia and dysplasia of, 1075 
leiomyoma of, 1076 
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Urinary bladder (Continued) 
malakoplakia of, 1069, 1069-1070 
mesenchymal tumor of, 1076 
neurogenic or cord, 1077-1078, 1078 
normal, 1065, 1066 
obstruction of, 1077, 1077 
papillary carcinoma of, 1073, 1074 
papilloma of, 1070-1071, 1071 
patent urachus and, 1068 
rhabdomyosarcoma of, 1076 
sarcoma botryoides of, 1076 
sarcoma of, 1076 
secondary tumors of, 1076-1077 
transitional cell carcinoma of, 1073-1074, 

1074-1075 
transitional cell tumors of, 1071t 
tumors of, 1070-1077 

Urinary tract, E. coli infection of, 311 

in idiopathic thrombocytopenic purpura, 
645, 646 

infection of, pyelonephritis and, 1030-1032 

lower, 1062-1080 

obstruction of, 1051-1052 

Urolithiasis, 1052-1053 

Uropathy, obstructive, 1051-1052 

Urothelial carcinoma, 1057-1058, 1058 

Urothelium, normal, 1065, 1066 

Urticaria, 1284, 1284t 

Urticaria pigmentosa, 1271 

Uterus, 1129-1140 
adenomyosis of, 1130-1132, 1131 
carcinoma of, 1137-1139, 1139 
congenital anomalies of, 1129 


dvsfunctional bleeding of, 1132-1133, 
1133t 

endometrial hyperplasia of, 1133-1134, 
1134 


endometriosis of, 1130-1182, 1132 
endometritis of, 1130, 1130 

histology of, 1110, 1110 

inflammation of, 1129-1130, 1130 
leiomyoma of, 221, 1136-1137, 1137 
measurements of, 1109 . 

sarcoma of, 1139-1140, 1140 
squamocolumnar junction of, 1110, 1110 
tumor of, 1135-1140 


Vacuolated virus, 244 
Vacuole, autophagic, 30 
Vagina, 1119-1121 
adenocarcinoma of, 1120-1121 
diethvlstilbestrol and, 447 
carcinoma of, 1120-1121 
congenital anomalies of, 1119 
Gartner's duct cysts of, 1119 
inflammation of, 1120 
sarcoma botrvoides of, 1121, 1121 
squamous cell carcinoma of, 1120 
tumors of, 1120-1121 
Vaginitis, herpes simplex, 1120 
monilial, 1120 
trichomonal, 1120 
Valley fever, 357 
Valvular heart disease, 570-585. See also 
individual types. 
Variable expressivity, mendelian, 134 
Varicella, 285-286 
Varices, of esophagus, 802-803, 803-804, 
917, 917 
Varicocele, 1099 
Varicose veins, 536, 536 


Variola, 283, 283-284 
Varix, esophageal, in cirrhosis, 917, 917 
Vascular ectasia, 541-542 
of colon, 859 
Vascular endothelium, 70, 503-505, 504, 504t 
Vascular permeability, 42-46, 43-45 
delayed-prolonged reaction in, 46 
edema and, 87 
immediate-sustained reactions in, 44-46, 
45 
immediate-transient response in, 43-44, 
44-45 
increased, 43-46, 44-45 
normal, 42-43, 43 
Vascular wall, endothelial monolayer of, 92, 
92t 
in thrombosis, 92-93, 92t 
muscular layer of, 93 
subendothelium of, 92-93 
Vasculitides, 519-529. See also individual 
types. 
Vasculitis, acute rejection, 174 
associated with underlying disorders, 527- 
528, 528t 
classification of, 520, 520t 
cutaneous necrotizing, 1285-1286, 1286 
etiology and pathogenesis of, 520 
fungal, 1388 
immune complex, 169, 169 
in lupus erythematosus, 528 
necrotizing, in rheumatoid arthritis, 1353 
lupus erythematosus and, 183-184, 184 
noninfectious, 195 
rheumatoid, 528 
subacute rejection, 174 
syphilitic, 528-529 
Vasoconstriction, of arterioles, 42 
Vasodilation, in inflammation, 42 
Vegetations, 99 
nonbacterial bland thrombotic, 99 
Veins, 535-537 
normal, 503 
phlebothrombosis and thrombophlebitis of, 
536-537 
varicose, 536, 536 
Venous drainage, edema and, 87 
Ventilation, 708 
Ventricular septal defect, 588, 588 
Verocay body, 1433 
Verrucae, 1298, 1298 
in rheumatic heart disease, 573, 574 
Vesicoenteric fistula, 1078 
Vesicorectal fistula, 1078 
Vesicoureteral reflux, 1031-1032, 1031-1032 
Vesicouterine fistula, 1078 
Vesicovaginal fistula, 1078 
Vibrio alginolyticus, 323 
Vibrio clolerae, 322-323 
Vibrio parahaemolyticus, 323 
Vibrio vulnificus, 323 


Villonodular synovitis, pigmented, 1365, 
1365-1366 

Villonodular tenosynovitis, pigmented, 1365, 
1365-1366 


Villous adenoma, 865-866, 866 
Vimentin, 28t 
Vinca alkaloid toxicity, 1431 
Vinyl chloride, 460t—461t 
carcinogenesis and, 238 
Vipoma, 989 
Viral disease, 277-292, 279t. See also individ- 
ual types. 


Viral disease (Continued) 
arbovirus, 290 
cell-mediated immunity in, 278 
cellular injury in, 4 
central nervous system, 291 
digestive tract, 281-282 
epidermal-epithelial, 282-283, 282-284 
herpesvirus, 284-290 
latent or slow, 278 
lytic, 277-278 
pathogens in, 279t 
respiratory, 278-281, 280 
Viral inclusions, 278 
Virulence, 276 
Virus, oncogenic, 243-247, 244t-245t 
Visceral larva migrans, 378-379 
Vitamin, 402-422 
fat-soluble, 403-412 
water-soluble, 412422 
Vitamin A deficiency, 403-406 
Vitamin A excess, 405-406 
Vitamin B, deficiency, 416-417 
Vitamin B, dependency syndrome, 417 
Vitamin B,, deficiency, 417, 418-419, 1421 
pernicious anemia in, 631-634, 632, 634 
Vitamin C, wound healing and, 80 
Vitamin C deficiency, 419-422, 420-421 
basis of, 419 
bone formation and, 420-421, 420-421 
clinical manifestations of, 419-420, 420 
gingivitis and, 421 
hemorrhagic diathesis and, 421, 421 
morphology of, 420-421, 420-421 
pathogenesis of, 419 
wound healing and, 420 
Vitamin C megadose, 421-422 
Vitamin D deficiency, 406411 
causes of, 407-408 
morphology of, 409-411, 410 
Vitamin D excess, 411 
Vitamin D metabolism, 406—407, 407 
Vitamin D-—dependent rickets, 408 
Vitamin D-resistant rickets, 408 
Vitamin E deficiency, 411-412 
Vitamin K deficiency, 412 
Vitamins, 402-422 
fat-soluble, 403-412 
Vitiligo, 1274, 1274 
Volvulus, 853 
von Economo’s disease, 1385 
von Gierke’s disease, 153t 
von Hippel-Lindau disease, 139 
von Recklinghausen’s disease, 138-139 
of bone, 1329-1330, 1330 
von Willebrand’s disease, 648-649 
von Willebrand's factor, 648 
Vulva, 1113-1119 
atrophic dystrophy of, 1115-1116, 1116 
Bartholin’s adenitis and cyst of, 1114 
Bowens disease of, 1118 
carcinoma in situ of, 1118 
carcinoma of, 1118, 1118 
condyloma acuminatum of, 1116-1117, 
1117 
congenital anomalies of, 1113 
duplication of, 1113 
extramammary Paget's disease of, 1118— 
1119, 1119 
granuloma inguinale of, 339 
herpes simplex infection of, 1115 
hyperplastic dystrophy of, 1116, 1116 
hypoplasia of, 1113 


Vulva (Continued) 
inflammation of, 1113-1115 
leukoplakia of, 1115 
lichen sclerosus of, 1115-1116, 1116 
malignant melanoma of, 1119 
papillary hidradenoma of, 1117-1118 
pelvic inflammatory disease and, 1114 
squamous papilloma of, 1116 
tumor of, 1116-1119 


Waldenstrém’s macroglobulinemia, 692-693, 
692-693 

Wallerian degeneration, 1428 

Warthin’s tumor, of salivary glands, 792, 792 

Warthin-Finkeldey cell, 282, 252 

Warts, 1298, 1298 

oral, 776 

Wasserhelle cell, 1228, 1228 

Water-clear cell, 1228, 1228 

Waterhouse-Friderichsen syndrome, 1236— 
1237, 1237 

Wavefront phenomenon, 564 

Wavy fibers, in myocardial infarction, 560— 
561, 561 

Webher-Christian disease, 1288-1289 

Wegener's granulomatosis, 523-524, 523-524 

Weibel-Palade body, 504 

Weight, at birth, 474-478 

Weil's disease, 332-333 

myositis in, 1308 

Werdnig-Hoffmann disease, 1420 

Wernicke's encephalopathy, 1420, 1421 

Wernicke-Korsakoff syndrome, 1420 

Whipple's disease, 848-851, 848-851 

Whipworm, 376 

White cell. See also Leukocyte. 


White cell (Continued) 
neoplastic proliferation of, 657-697. See 
also individual disorders. 
White sponge nevus, 780 
Whooping cough, 316, 316-317 
Wickham’s striae, 1290 
Wilms’ tumor, 1056-1057, 1057 
Wilson's disease, 932-933, 1423 
Wire loop lesion, 185, 186 
Wiskott-Aldrich syndrome, 208 
Wolffian duct, 991, 1109 
Woolsorters’ disease, 327 
Wound contraction, 74 
Wound healing, 73-74, 74 
age and, 80 
blood supply and, 80 
corticosteroids and, 80 
diabetes and, 80 
foreign bodies and, 80-81 
growth factor in, 76-77 
hematologic derangements and, 80 
infection and, 80 
local influences on, 80-81 
modifying factors in, 80-81 
nutrition and, 80 
primary union (by first intention) in, 73-74 
secondary union (by second intention), 74, 
74 
systemic influences on, 80 
tissue type and, 81 
vitamin C deficiency and, 420 
Wound strength, 79-80 
Wuchereria bancrofti, 381-382 


X chromatin, 120, 122 
X-linked agammaglobulinemia of Bruton, 
205-206 


INDEX 1467 
X-linked disorders, 152-154 
X-linked hypophosphatemia, 408 
X-linked recessive inheritance, 152 
X-rays, carcinogenesis and, 242 
Xanthelasma, 1270-1271 
Xanthogranulomatous pyelonephritis, 1035 
Xanthoma, 20, 1270-1271 

fibrous, 1267-1268, 1268 

in diabetes mellitus, 985 
Xeroderma pigmentosum, skin cancer in, 241 
Xerostomia, 789 
XYY syndrome, 131t, 132 


Y body, 120 

Yaws, 338 

Yellow fever, 290 

Yersinia enteritis, 323-324 

Yersinia enterocolitica, 323-324, 835 
Yersinia pestis, 328-329 

Yolk sac tumor, of testis, 1094 


Zahn, infarct of, 898 

lines of, 529 
Zebra bodies, 146 
Zenker’s hyaline degeneration, 1307 
Zinc, deficiency of, 423 

wound healing and, 80 
Zollinger-Ellison syndrome, 987-988 
Zoonotic bacteria, 327-334 
Zoonotic infection, 275 
Zygomycosis, 354, 354 
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